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| NTRODUCT! ON

t I NTI ODUCTI ON

1 1 Ceneral Backaround of the Studv

The neocl assical conpetitive nmbdel has for a long tine influenced the
t hi nki ng of econonists. In spite of being under al nost continuous
at t ack, the neoclassical nodel has shown a remarkabl e persistence.

This is exanplified by the recent theoretical devel opnents in

nmacr oecononi Cs.

As a description of reality, the conpetitive, frictionless nmodel with
i nstant aneously clearing markets clearly has severe limtations. The
fact that markets are not always cleared is easily recognised, e.g. by

observi ng unenpl oynent, inventories or queues.

In neoclassical nodels, the urarket-clearing nmechanism is  not
explicitly specified. However, the clearing of urarkets is made a5 it
there was an auctioneer who could always and instantaneously find the
price at which quantities supplied exactly neet the orders of the
purchasers. In this set-up sellers are assuned to be price takers and
quantity makers. Suppliers come to the market with a given quantity

and take the price brought up in the auction.

Consuners and producers are assuned to be rational in the neocl assical
nodel, i.e. they do not waste any opportunities available to them In
particular, their behaviour is based on relative prices and the choice
of the particular unit of value, or nuneraire, does not affect their
behavi our. Therefore, in the frictionless nodel, inflation does not
inmply any real econonic consequences. The allocation of resources is
governed by relative, not by ahsolute prices.

I n macroecononic theory, there is a, not always clear, difference
between nodels which enbody the natural rate hypothesis (NRH) and
those which do not. The forner theories are based on (neo)cl assi cal

econoni cs, t hat are generally consistent w th nodern general

equi libriumtheory. The NRH is enmbodied in both classical and
neoclassical, or the new classical, nacroecononcs. The NRH nerely
anounts to saying that it is relative rather than absolute prices

whi ch govern the behavi our of econom c agents. Hence, by using the
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notion of natural rate theories, or nodels, we refer to a wide class
of nodels, i ncl udi ng the \Walrasian nodel , the "classical"
macroecononic nodel and the new cl assi cal macroecononi c school .
Macr oeconom ¢ theories which do not enbody the NRH are often Keynesian
in spirit, in the sense that they are based on narkets which do not

al ways clear, e.g. due to stickiness in wages or prices.

Model s which enbody the NRH are also said to be peutral: i.e., for a
nodel initially in equilibrium if all variables are nultiplied by the
sane proportionality factor, then the nmodel will still be in

equilibriumwi th all real variables unaffected.

Certain natural rate nodels are also dichotonmised, i.e. real variables
are unaffected by changes in the noney supply, and real variables are
determined independently of the noney supply. Depending on how the
asset side is nodelled, a variety of classical nodels appear; usually
either the neutrality or the dichotony property appears and sonetinmes
both. For instance, a nodel nmy dichotonise; an increase in the noney
supply leaves all real variables l~naffected, but nmay be out of

equilibriumw th the new noney supply

The cl assical equation of exchange

(1.1) MV=PQ

can enbody the natural rate hypothesis. Mis here the exogenously
given quantity of nmoney, V is the income velocity of noney (the
inverse of the desired demand for cash bal ances per unit of output), P
is the general price level and Qis an index of real output. Assuming
that M does not affect Vand Q (1.1) is the classical quantity theory
of noney (or of the general price level). Natural rate macroeconom cs
can enbody a di chot onmi sed econony where two distinct parts can be
recogni sed: the "nmonetary" and the "real" part (i.a. see Sargent
(1979) ch. I, XiIl and XVI). The classical dichotony, which can found
for instance wth Jevons and Edgeworth, is very clearly expressed in
Wcksell's "Interest and prices", in which Wcksell states the
i ndependence between the real and the nonetary sector, in particular
between rel ative and absolute prices . The determ nation of relative

prices belong to the theory of value and the determ nation of absolute
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prices to the theory of nmoney. Wcksell's analysis of this matter is
also made in terns of different equilibriumconcepts. Hence, he
considered that there were strong equilibrating forces in the system
of relative prices, while the deternination of absolute prices, or the

general price level, was described in terns of a cunulative process.

In the forties, fifties and sixties there was a long, and not
particularly fruitful, debate on the classical di chot ony. The
di chotomised theory was critisised by Lange and Patinkin on | ogical
grounds . The critique of Lange and Patinkin was that the classical
di chotony was inconsistent, since it violated Walras' |aw The debate
was partly confusing, because the critique failed to distinguish
bet ween stocks [money) and flows (rates of demands and out put) “‘ I't
was al so shown that the real bal ance effect would only be of
significance outside equilibrium5) . | agree wth Nehans in his

coment on this natter:

.. .the anpbunt of intellectual effort which, in the wake of Lange and
Pat i nki n, was devoted to this issue, is entirely out of proportion to
its econom c significance. The real economic question is not whether a
system can be dichotom zed, but whether noney is neutral."

Ni ehans (1978), p. 12

The neutrality proposition was questioned at an early stage, e.g. by
Keynes in the thirties . The NRH has al so been questioned later, and
nodel s, particularly Keynesi an nodels, have been devel oped which are
non-neutral . However , the NRH has been revived in the late sixties
through the evolution of two different ideas about expectations.
Phel ps (1967) and Friedman (1968) devel oped nodels where only
unanticiaated noverments in noney supply are non-neutral and where the
NRH holds only in the lond run

A position stronger than Friedman's and Phel ps' is taken by the
rational expectations hypothesis (REH), which is the stochastic
counterpart to perfect foresight. Consequently, the NRH holds also in
the short run, and anticipated novenents in the noney supply are
neutral, i.e. exert no influence on the gr obability distributions of

relative prices, enploynment or real output '
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The classical dichotomy was perhaps8) not held as a realistic
description of an actual economy. Nevertheless, modern advocates of
the joint NRH/REH have tried to test the joint hypothesis, although
there there has been no consensus about the results or about the

appropriate econometric method to be applied

The neutrality proposition has most frequently been expressed as the
neutrality of money to reas o;tput and a number of tests of this
proposition have been done ) . The neutrality proposition, however,

also implies neutrality from money to relative prices, a hypothesis
which has been tested by Bordo (1980) and Hercovitz (1982).

The neutrality proposition can, however, also be stated asthe
neutrality of absolute prices to output, or to relative prices. The
neutrality of the general price level to relative prices has been a
controversial subject for quite some time. In this study we shall

examine the relationship between inflation and changesin relative
prices and we shall test whether inflation is neutral with respect to
changes in relative prices and relative-price variability. This
relationship has recently come into focus in the macroeconomic
literature, particularly in connection with the development of the new
classical macroeconomics, in which it is asserted that it is only
unanticipated money and unanticipated inflation which affects real
variables.

Whether inflation is neutral or not has been a subject of controversy
for a long time. This can be further illuminated by means of two
quotations from Keynes and Friedman. While the Patinkin controversy
was concerned  about the theoretical consistency of classical

11
macroeconomics, Keynes' doubts were more of an empirical nature )
Keynes position, in arguing with Jevons, Bowley and Edgeworth, is
that relative prices affect the general price level:

"The point of view under criticism makes the mistake of assuming that
there is a meaning of price level, asameasurein some sense or
another of the value of money, which retains its valne unaltered when
only relative prices have changed. The abstraction between the two
sets of forces, which seemed momentarily plausible when we made it, is
a false abstraction, because the thing under observation, namely the
price level, isitself afunction of relative prices and liable to
change its vahne whenever, and merely because, relative prices have
changed. The hypothetical change in the price level, which would have
occured if there had been no changesin relative prices, is no longer
relevant if relative prices have in fact changed - for the change in
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I NTRODUCTI ON 7

relative prices has in itself affected the price level."
Keynes (1930) p. 87

Fri ednman takes the opposite view and has interpreted the neutrality

position in the follow ng way:

! what of oil and food to which every governnment official has
poi nted? Are they not the i medi ate cause of the price expl osi on? Not
at all. It is essential to distinguish changes in relative prices from
changes in absolute prices. The special conditions that drove up the
prices of o0il and food required purchasers to spend nore on them
leaving |l ess to spend on other itens. Did that not force other prices
to go down or to rise less rapidly than otherwi se? Wiy should the
average | evel of all prices be affected significantly by changes in
the prices of sone things relative to others?”

Fri edman (1975) p. 73

An inportant point can i medi ately be nade here. Friedman and Keynes
di scuss the question in different ways from the point of view of
causality. Friedman states that the general price |evel does not cause
changes in relative prices, while Keynes argues that it is changes in
relative prices that cause price level changes. In the follow ng, we
shall pay particular attention to that problem and place it under

formal statistical test.

As we have seen, the natural rate hypothesis, and the neutrality
proposition, both fromnoney and fromthe absolute price level, to
real variables has survived, from Wcksell to Friednman and, nore

recently, to Lucas and Sargent.

The neutrality proposition has been called into question for al nbst as
long as its considerable existence. It goes w thout saying, that narsy
reasons can be given for the appearance of non-neutralities. In

Chapter 3 of this study we will exam ne these reasons in sone detail

1.2 Purpose of the Study

The purpose of the present study is to anal yse the rel ati onship
between inflation and changes in relative prices. In particular, the
neutrality proposition, that inflation does not affect relative

prices, will be exanm ned here
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It is then inportant to distinguish between inflation which is
anticipated and inflation which is not. This is a main point in
Friedman's and  Phel ps' anal ysi s and in the new classica

macr oecononi cs, since the nodern ver si ons of t he neutrality
proposition enmbody a non-neutrality with regards to the effects of
unanti ci pated changes in nom nal variables, noney or the general price
| evel , on real variables. Hence, the purpose of this study is to
enpirically exanm ne an old question in a new light; through the
enmpirical analysis of the relationship between inflation, expected and
unexpected, and changes in relative prices, we snall test the
hypot hesis that even a fully expected rate of inflation will influence
changes in relative prices and the variability of relative-price
changes. The latter hypotheses, which will be discussed in detail in
Chapter 3, are inconsistent with the nodern versions of the neutrality

proposition

As noted in the previous section, there is no agreenment on the causa
order between inflation and changes in relative prices. As will be
shown bel ow, this question is anbiguous in sone nodels, since both
these variabl es can be affected simultaneously by other variables.
Adhering to the Wener-G anger causality concepts, the purpose of this
study is also to test the causal order between inflation and the

variability of relative-price changes

The enpirical analysis is carried out for Sweden and we use tinme-
series data of consumer prices. Since Sweden is a small open econony
it is intended to take account of the influences on prices which
energe from abroad

Al t hough ny nmain purpose is to test the neutrality proposition, the
present study also ainms at providing further evidence on the inportant
determ nants of relative-price variability and on the consequences of
inflation. If it can be shown that inflation increases relative-price
variability, this can, under certain conditions, be viewed as a cost
of inflation. In particular, that would be the case if econonmi c agents
confuse relative with absolute prices . However, the present study
does not try to explore the welfare significance of relative-price
variability. An obvious effect of changes in relative prices or in the
variability of relative-price changes is that the distribution of

i ncone woul d be affected through changes in the cost of living for

di fferent househol ds.
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1.3 Qutline of the StudY

One of the nost influential contributions to macroecononic theory
during the seventies is the devel opnent of the rational expectations
Phillips turve. Lutas' stochastic Phillips turve nodel gave rise to a
| arge nunmber of studies, in which different features of his nodel were
elaborated. One of these features was the presuned independence
between rel ative--price variability and the variability of the general
price level, whi ch was the starting point for the enpirical analysis
of Vining and El wertowski (1976). Their study gave rise to a nunber of
theoretical, as well as enpirical, studies on the subject, in which

the rel ationship between these variables was anal ysed.

Hence, the Lutas nodel is a natural starting point and in Ch apter 2 we
present the slightly nmodified version of his Phillips turve nodel,
formul ated by Cuki erman and Wachtel (1979). Particular interest s
paid to the relationship between the variability of the general price
Il evel and the variability of relative prices and to the causality
between these variables. The causality is shown to be indirect, since

both these variables are sinmultaneously affected by exogenous denand

shocks.

In Charter 3 ron-neutral nodels are discussed. By ron-neutral, we are
referring here to nodels in which even a fully expected inflation
affects real variables. W show that the introduction of price
adj ust ment costs under very general conditions inplies a positive
rel ationship between inflation and the variability of relative-price
changes. The same positive relationshipis also derived in the
scandi navi an nodel of wage and price formation and, in addition, it is
shown that the causality runs fromchanges in relative productivities

bet ween sectors to these vari abl es.

Charter 4 provides an enpirical analysis of the relationship between
the variability of relative-price changes and expected and unexpected
inflation. Sinple regression studies are made for Swedi sh annual tine-
series data on tonsunmer prices for the period 1951-1979. It is assuned
that inflationary expectations are based on previous inflation rates.
Two al ternative specifications are used: adaptive and extrapolative

expectations. The results suggest that a 1: increase in the expected
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rate of inflation would increase the standard deviation of relative-

price changes with approximtely 0.4% The effect from unexpected
inflation is stronger, with a corresponding figure of 0.7% These
results are in correspondence with earlier findings for the U S. but
contradictory to earlier results for Mexico and Argentina, where only
unexpected inflation was significantly related to the variability of

rel ative-price changes

In Chaoter 5 we develop a nodel of relative-price changes and the
variability of relative-price changes. The nodel is a determnistic
mul ti-nmarket static equilibriummdel for an open econony. Honpgeneity
of the supply and demand functi ons guarantees the property of
neutralitv. However, the nodel is based on a cleared | abour market in
which the equilibriumwage rate is linearly related to the expected
general price level. This inplies that relative-price changes are
af fected by unexpected inflation. It has been suggested that supply
shocks have been an inportant source of relative-price variability in
the seventies. Therefore, raw material prices are included in the
supply functions. Influences from abroad are incorporated through
foreign denand; the foreign price level and foreign income. The open
econony fornmulation and the inclusion of raw naterials provides an
extensi on conpared to earlier nodels. Conpared to the Lucas nodel, it
is more general in one respect, since it allows supply and demand
paraneters to vary between nmarkets. On the other hand, expectations
are nore restrictive and are assumed to be identical between nmarkets

The nmodel in Chapter 5 is then used in enpirical tests of Swedish
annual tine-series data for the period 1951-1979. The formul ati on of
the nmodel pernmits the test of non-neutral effects froma fully
expected inflation. In addition, the influence fromraw materi al

prices and foreign variables on relative-price changes and on the
variability of relative-price changes, is tested. The results from
these tests reveal significant relationships, and particularly the
effects fromexpected inflation and relative raw material prices are
strong, suggesting t hat previ ous enpirical nodels have been

m sspeci fi ed.

The nmodel and the tests in Chapter 5 presune that causality runs from
inflation to relative-price changes. To test that proposition one
needs a dynamic nodel. In Chaoter 6 we use a dynamc time-series node

to test the causal order between inflation and the variability of
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relative-price changes. The nodel is a vector autoregression, recently

proposed by Christopher Sins as an alternative to |l arge-scale
nmacroecononetric nodels W use five variabler in the nodel, suggested
fromthe analysis in Chapter 5, and study the dynam c responses to
different shocks. The sinulations and the tests are somewhat
inconcl usive, but no feedback fromrelative-price variability to
inflation 1is revealed, thus supporting the enpirical specification in
Chapter 5. Rather weak support is found for causality that runs from
inflation to the variability of relative-price changes. The dynanic
responses in the nodel reveal a slowy danped pattern. Relative-price
change variability shows a persistent positive response to positive

shocks in inport prices and in the rate of inflation.

Finally, Chapter 7 presents a short summary and concl usi ons. Mst of
the tables and figures, as well as the description of data sources are
assigned to appendices. This is also the case with a list of the

synbol s used, a summary of which is found in Appendix 1.
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12 NEUTRAL MODELS

2 INFLATION AND.RELATIVE PRICES: NEUTRAL MO DELS

In this chapter, we shall present Lucas version of the Phillips
curve. His model has been very influential in recent macroeconomic
theory and the model permits an explicit analysis of the relationship
between inflation and relative prices. It throws light on the causal
rel ationship between the latter variables and will be important for
the development of the model and the tests in Chapter 5.

The Phillips curve was first established by Phillips (1958) as the
empirically observed negative relationship between the rate of wage
inflation and the rate of unemployment . The empirically observed
Phillips curve was regarded as a stable relationship, though it
obviously violated the neutrality property in natural rate theories.

The Phillips curve was built into Keynesian macroeconometric models
and it was envisaged that policy makers, through a suitable mix of
monetary and fiscal policy, would be able to select a point on the

Phillips curve.

However, the microfoundations of the negatively sloping curve proved
to be unsatisfactory and in need of further development. Furthermore,
in the late sixties, the tradeoff between inflation and unemployment
worsened , as aresult of an increase in the rate of inflation
without any offsetting decrease in the unemployment rate. In the light
of this well-known development, it was natural that Keynesian theory

was challenged.

The main contributions to the development of the microfoundations of
the negatively sloping Phillips curve were made by Phelps, Friedman
and Lucas. The basic ideain Friedman's and Phelps modelsis that
workers temporarily misperceive the rate of inflation and the real
wage rate and, due to this misperception, temporarily negatively

sloping Phillips curves exist. However, in the long run there are no

misperceptions and the vertical natural rate Phillips curve is
established
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NEUTRAL MODELS 13

Friedman's and Phel ps' npdel s were based on adaptive expectati ons and
the formati on of expectations was exogenous in their npodels. Lucas
contribution was to build a stochastic Phillips curve nodel based on
Mut h''s (1961) idea of rational expectations, in which expectations
were endogenised. In the following we shall briefly present a sonewhat
nodi fied version of the natural rate Phillips curve in Lucas (1973)
and pay particular attention to the inplications concerning the
rel ati onship between the variability of the general price |evel and

the variability of relative prices.

In the Lucas nodel, it is assumed that real output is determ ned on
the supply side of the econony. The division of nonminal demand into
real aggregate output and aggregate price level depends on the
behavi our of suppliers Rigidities in short-run behaviour on the
supply side are a result of the suppliers' inconplete information on
some of the prices relevant to their decisions. Finally, the nodel
presunes that expectations are formed rationally, that individuals do
not make systematic forecasting errors period after period. This does
not inply that individuals forecast accurately, but that they do it

correctly on average in a stochastic world.

Lucas assumes that there is a single good which is located in a |large
nunber of physically separated conpetitive narkets. The nodified Lucas
nodel presented here has been devel oped by Cukiernman and Wacht el
(1979). The nodel contains a |arge nunber of goods with a |ocal market
clearing condition. Demand is distributed unevenly between markets and

therefore prices vary between markets.

The supply in market z is

(2.1) vy, (2) =Y (p(2) - BRI 1.(2)))

where yt(z) is real output in market z at time t, y is a positive
constant, pt(z) is the actual price in z at time t and E(Pt I't(z))
is the nathenmatical expectation of the general price |evel P
conditional on the information available in z at time t. Al variables
are expressed in natural |ogs
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The supply function (2.3) sunmarises the natural rate properties in

the Lucas nodel, or in Lucas' own words:

"All fornmulations of the natural rate theory postulate rational
agents, whose decisions depend on relative prices only, placed in an
econom c setting where they cannot distinguish relative from general
price novenents.'

Lucas (1973) p. 327.
Two critical aspects of (2.3) should i mediately be noted:

(i) the information set | (z) and

(ii) the assunption of asymetrical information.

The npdel assunes that at time t, agents in z only know the price in
their own market, p (z), but not the general price level P . The
expectations of Pt are formed conditionally on the inforrratiton set
I (z). The agents atre assunmed to know the first and second noments of
aItI probability distributions. This gives themthe infornation needed
to form|east squares projections of unknown random variabl es on known
random vari abl es. The definition of I (z) has some inportant

consequences. Lucas defines | (z) as being conposed of two parts.

First, it is assumed that pt(z is known and is the only current
information. Second, | (z) includes historical information on |agged
yt and pt(z) in all narkets. This information gives a prior

distribution on thith ur ean l? and variance EP = o .
t
The demand side of the npbdel is represented by the stochastic demand

function in z, defined by
2.2 z) + z) =X +s (z),
( )yt() pt() ) t()

where x i s an exogenous random shift variable common to all narkets
and s (z) is a random shock specific to each market. Dx = (X -X )
is? aésurred randomw th EDxt=b and E(Dxt| =ax. Furtherﬁmre, Es'[t Oté%d
Es =o .

t s

Wth the assuned distribution of demand we have
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rties in (2.3) pt(Z) =Pt+Vt(S)

i.e., the observed price in z is the sumof the common el enent P[and
rational the deviation v (s), which depends only on the specific denmand chock
. t
in an s (z), with Ev =0 and Ev =T
gener al t t t
The expected general price level in (2.3) is defined as
(2.4) E(Pt | it(z)) = E(Pt | pt(z). Pt) _ (1-8 pt(z) + 8 Pt
where 8=0 2 /(0 2 +0 2 | and (t-e)=02/ (02+02), and where
S S X X s X
>rice in
8(p (z)-E(p (2) | (z)) is the least squares projection of
?t‘ The t t t
.ion set
(P-E(P [ 1 (2)) on (p (2)-E(p (z) | I (2)) and
ants  of t t t t t t
' needed 2 2 2 2
B=Ev (v +w )/E(v +w) =0 /(0 +0 ), is the
n known tot ot tot S S X
6
port ant | east squares regression coefficient). w is the stochastic deviation
arts. t
P of Dxt fromits mathematical expectation 6, and it2is assumed to be
current
normal ly distributed with zero nean and variance o .
| agged X
prior . ) )
(2.4) substituted into (2.1) gives
(2.5) y (z) =y8 (p (2)-P)
denmand t t t
7
Aver agi ng over markets gives the Lucas aggregate supply function
[2.6) y =19 (P -P)
t t ot
mar ket s Sonme mani pul ations with (2.6) gives
-X
t t-t)
=0 and

-1 .
t (2.7) Pt-Pt-t = (v8) yt*(Pt-Pt-1)

which is the Lucas representation of the expectations-augnented
Phillips curve, relating the actual rate of inflation to output and to
expected inflation (Pt-Pt-1). From (2.7) one can verify that the
Phillips curve will shift up with increases in the expected rate of

inflation (P -P l). The slope of the aggregate supply function (2.6)
tt-




16 NEUTRAL MODELS

2
varies with the fraction B. If o, i.e. the variance in specific

S
demand shock2, is snall, then the supply function is nearly vertica
and when o, i.e. the variance in the change in nom nal incone, is
X
smal |, then the slope of the supply function approaches y. Hence, the

| arger the variance of specific demand shocks relative to the variance
of conmmon dermand shocks, the greater is the tendency that agents
regard an unexpected <change in price as a relative-price change, to
whi ch out put deci si ons should respond, rather than a nomnal -price

change

By looking at (2.3) we observe that vt(s) is independent of Pt by
definition and depends only on the realisation of the stochastic term
s (z); i.e. relative prices are independent of the general price
level. This was noted by Vining and El wertowski (1976) and was the
starting point for their (and others') enpirical analysis of the
rel ati onship between the variance of relative prices and the variance

of the general price |evel

However, solution of the above L cas nodel reveals a systematic
rel ati onshi p between these variables . Substituting (2.9) into (2.1)
and equating supply and denand yields the solution for actual price in

z at timet as

(2.8) pt(z) = 1+y9 (xt+st(z) + Y8 pt| = Pt + vt (s)

2
The variance of relative prices in equilibrium t , then is given by

(2.9) i2 = 0S/ (1+Ye)2.



NEUTRAL MODELS 17
Wth a suitable definition of the general price level , one can solve

for the general price level in equilibriumas

Wt

210) R = A+ .0

The variance of the general price level in equilibrium110) is

(2.11) a2 = ax / (1+.0)2.

2 2 _
As we can see,zbotg T and o have the sgme derzmm nator and botg

depen% on 80 /(o + a ). Differentiating 7 and a with respect to 0
s s X X
and a gives
S

(2.12) at 2 >0, sog 50

30x 30x
and
2o leaeel 302 <0
30s (1+Y8) 3 gaS
(2.12) reveals that if, ceter. i the variance of changes in
nominal income vary over time, 1 and a will be positively correl ated

|2 this Lucas nmodel. This conclusion cannot be drawn for changes in
0s, since it depends on whether 1+18(28-1) < 0 or equivalently if 8 2<
0.5. Hence, if changes over time in o are |arger than changes %n a,

X s
then the Lucas nodel enbodies a positive relationship between 1 and
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a2. A possible interpretation of this could betthat policy nakers
coul d induce a positive rel ati onship between a and t t hr oug2
frequent changes in fiscal and nonetary policy, which would nake a
large relative to aj. X
We shall make use bel ow of sone of the conclusions fromthe previous
anal ysis. Ve note the formof the Lucas supply function, which depends
solely on relative prices. However, aggregate output is positively
related to wunexaected inflation in the Lucas nodel. Furthernore, it
was shown that the nonminal variable, a , the variance of the general
price level, is positively related to the real variable, r , the
variance in relative prices. It is also likely that the variance in
the general price level is positively related to unexpected inflation.

The positive relationship between a and t was allo shown to be
caused by changes in the variance of demand shocks. Hence, the
previous analysis al so shows that the causality might not be a direct
causality fromgeneral price change to relative price change, but that
the causality may be from ot her, exogenous, shocks. These shocks need
not be excess demand shocks, as in the Lucas nodel, but could al so be
nmonetary shocks, as in Barro (1976), or exogenous supply shocks, as
will be shown in the next chapter. However, as will also be shown in
the next chapter, a direct causality frominflation to relative-price

changes hol ds under fairly general conditions.
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3 | NFLATI ON AND. RELATI VE PRLCES:. NON- NFUTRAI_MIDEIS

3 1 Introduction

As the nodel in the previous chapter showed, a non-neutral effect from
unexpected inflation to real output and to relative prices can occur
when agents have inconplete infornmation and tend to confuse relative
with absolute price changes. Both the Lucas nbdel and the earlier
devel opment of the natural rate Phillips curve by Friedman and Phel ps

were based on inconplete information of the general price |evel

In this chapter, we shall consider other theories which Iink inflation
and the variability of relative-price changes . The argunent is that
such a link may wel | occur without confusions about real and nomi nal
magni t udes. Hence, relative-price variability may al so be caused by
inflation which is fully anticipated. As discussed in the previous
chapter, the question of causality between these variables is of
i nportance. Hence in this chapter, we shall also try to identify the
truly exogenous factors underlying the relationship between inflation

and relative-price variability.

It should be pointed out here that the enphasis is on theories of
omprket behaviour Wwhich abstract fromthe theory of noney. Even in a
rational expectations framework, anticipated noney could affect rea
vari ables, if the nmodel includes many assets. In nodels with nore than
one asset, changes in the noney supply in general have non-neutra

effects, through their inpacts on real interest rates

3.2 Inflation and Price Adiustnent Costs

Di sequilibriumnodels with sticky prices and wages have becone an
important feature of recent macroecononic theory. In many nodels, the
rigidity is nerely postul ated and is not an endogenous part of the
model . However, in recent theoretical work it has been shown that
rigid wages and prices - inplying 3non-neutrality - are perfectly

consistent with optim sing behavi our



20 NON-NEUTRAL MODELS

The title of this section indicates a contradiction. How could we have
inflation if prices are sticky? As we shall see, there need not be any
contradiction. It wll also becone evident that differences in price
inertia between different sectors in the econony create conditions for

a dependence between nomi nal and real variables

In the frictionless Arrow Debreu econony there are no costs involved
in changing prices. However, in practice, considerable costs can be
associ ated with the adjustnent of prices. A consideration of the costs
of price adjustnent neans that one |eaves the conpetitive nmpdel and
acknow edges t hat agents actual ly prices. Some kind of
nmonopol i stic behaviour is assuned, which seens rel evant for a nodern

capitalistic econony.

The costs associated with price adjustment can be of quite different
ki nds. The sinplest one is the cost of re-marking price tags. In a
petrol station this cost is very |low and therefore we observe frequent
price changes and prices that change pronptly to changes in supply and
demand conditions. However, the adjustnent costs involved in changing
the changes in parking meters or the prices in companies that sell by
nmeans of catal ogues, could be considerable. Consequently, prices are
nore sel dom changed

ot her kinds of costs, that are probably far nore inportant, are those
associated with custoner relations on narkets for heterogenous
products. The reasons for sticky prices in such nmarkets are the
incentives to keep search and information costs down. Considerable
costs can al so be associated with the decision process itself, e.g.

when changing inplicit and explicit contracts

In labour markets, costs for screening, search and training provide
good reasons for long-termcontracts between enployers and enployees
and for the downward rigidity of wages

To be explicit, let us begin by |ooking at a nonopolistic firmfaced
with costs of price adjustment and the possibility of inflatio#). The
firms demand depends on its own price, pt, and the prices of its
conpetitors, Pt, the general price |evel. The firm expects demand and

the aggregate price level to increase at a certain rate and has to
deci de upon when and by how nuch it is going to adjust its price
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The ceteris paribus considerations of the firmare the follow ng. The
firm does not change its price continuously by the increase in the

general price level, but wll change its price in discrete
intervals = The reason for that is that the firmw |l consider the
cost of price changes in relation to the cost of maintaining a | ower
price. Hence, at a certain rate of inflation, it will pay to keep the
nom nal price constant and allow the real price to decrease in order
to avoid adjustnent costs. The length of the tine interval, in which
the nominal price is held constant, and the size of the price increase
depend on the level of adjustment costs and on the rate of inflation

In equilibrium the gain from postponing the price change - the
profits immediately prior to the change and the interest saved on the
adj ustnent costs - equals the losses - the profits i mediately

posterior to the change

For our purpose, it is interesting to find out what happens if the
rate of inflation or the |evel of adjustnent costs changes. These
effects are illustrated in Figure 3.1. The figure shows how the
relative prices changes with the rate of inflation, over tine, when

noninal prices are held fixed over time intervals

If the rate of inflation is zero, there is no need, ceteris paribus to
change pt and there will be no variability in relative prices. The

part of figure 3.1 shows the effect of an increase in the rate

upper
of inflation. The dashed line represents the inflation rate SO and the
solid line the inflation rate ag,  where > a0. The standard
deviation of relative prices over tinme will increase in proportion to

the shadowed parts in the figure, and hence an expected increase in

the rate of inflation increases the variability of relative prices 6)

The |l ower part of figure 3.1 shows the effect of an increase in the
level of adjustment costs at two different rates of inflation, a 0 and
00. The effect of an increase in adjustnent costs is that the
frequency of price changes decreases. Hence, relative prices change
fromal to ao and the variability of relative prices increase. Again
the standard deviation of relative prices increases when the inflation
rate increases froma0 to p0. This is shown by the relatively |arger

shadowed parallellogramto the right in the lower part of figure 3.1.
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since there are differences in the costs of price adjustnent between
firas, an increase in the expected rate of inflation will increase the

variability of relative price changes
Rel ati vel y i nnocuous assunptions were required in order for the above

results to hold, i.e. a nonopolistic profit-maximsing fira with SOme

resource cost for adjusting prices.

3 3 Inplicit Contracts and Qiustoner Relations

ne can pursue the concept of adjustment cost further. The costs need
not be associated with the marking of price tags, but can be nore
subtle. The discussion can be extended to all kinds of reasons for
long-term contracts and constraints between parties in the inarkets. A
t horough analysis of this subject is given by Okun (1981). Okun
provides nicroeconomic explanations of the enpirical evidence for
rigid prices, rigid in the sense that short-run price changes are
insensitive to changes in excess demand . In Okun (1975,1981) the
rel ati onship between inflation and relative prices is illum nated and
his work, based on earlier work on search and inperfect information

provides an interesting mcro/ macro franework.

Okun di stinguishes different markets according to their degree of
price flexibility. The labour inarkets are divided between narkets for
casual and nmarkets for career labour. In the latter, but not in the
former, wages are sticky downwards but sensitive to changes in
consuner prices, and have a slowmy upward growh path associated with
expect ed career advancenent. \Wages in these markets are supposed to be

mldly sensitive to excess demand for |abour.

The product narkets are divided between auction markets and custoner
markets. The latter narkets are supposed to donminate in a nodern
econonmy. In the auction markets, prices are flexible and nove quickly

to clear the inarkets.

The custoner narkets are nore |ike the career |abour markets and their
nost inportant characteristics are the long-termrel ati onshi ps between
buyers and sellers. These long termrelations are based on the
bil ateral nonopoly situation which arises because of the nutual
advantages Which lie in the possibility for buyers and sellers to
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af f ect each other's  behaviour. If the auction nmarkets are
characterised by inpersonality, customer markets are characterised by
personal relationships between buyers and sellers. The advantages of
these long term relationships can be found in t he potenti al
econoni sing on search and information costs. The seller is willing to
| oner prices sonmewhat, in order to keep regular custoners, and the
buyer is Wlling to pay a slightly higher price in order to avoid
search and information costs. The division of the bilateral nonopoly
surplus is determined ininmplicit contracts which contain rules that
will make it possible to avoid short-run exploitation of the surplus.
For the price setter, the seller in the customer narket, narkup
pricing provides a rule which ensures the stability of short-run
pricing, since the offer to the custoners can be fixed for a
reasonable time interval, and provides himw th informati on and the
nmot i ves L{(r)lderlyi ng price setting, i.e. convi nce the buyer of fair

treat nent

In an econony wi th heterogenous markets, there Till be non-neutral
rel ationships between nonminal and real variables I'n an exanpl e we
shall illustrate the relationship between relative prices and

inflation by exam ning the acconmpdation to an oil price shock 12)

Assunme that the econony experiences an oil price shock. G| prices are

suddenly increased as was the case in 1973-74 and 1979. Furthernore,

let wus assume that the price elas3icity of denmand for oil is
considerably below 1 in absolute terns . Consequently, the increase
in oil prices wll be larger than the decrease in quantities in the

market for oil and demand for other commodities will decrease. Hence,
as a result of the slow adjustnent in prices on customer narkets,
quantities will also decrease to sone extent. \Wages and prices will
rise on custoner markets due to the inplicit or explicit link between

wage contracts and tonsumer prices.

If these changes are viewed as Permanent, the inplicit contracts may
change and the econony enter a new equilibrium where prices and wages
will rise nore rapidly (due to the new contracts, new pricing rules,

etc.). Likewise, relative-prices will change, viz. prices in auction
markets relative to prices in customer narkets. The ides is that the
changes ininplicit contracts take tine and the adjustment to the new

equilibriumis slow.
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Instead of an oil price shock, the shock could cone fromthe demand
side. Alarge increase in the noney supply mght induce an increase in
the rate of inflation and changes in inplicit contracts. Prices wll
rise unevenly across narkets, since search and infornation costs and,
t her eby, implicit ~contracts vary between narkets. 1ﬁg}ai n, the demand

shock increases both price variability and inflation

In the Ckun type of theory, the causality chain goes via an exogenous
di st urbance, whi ch could be either supply shocks or demand shocks. In
the next section, we turn to a nodel for an open econony in which
exogenous supply shocks cause both the inflation and the variability

of relative-price changes to nove in the sane direction.

3.4 The Scandi navi an Model of Inflation

The Scandinavian nodel of inflation is a nodel for an open econony
with an inplicit wage bargaining process in which wages through
centralised wage contracting are equalised between sectors in the
econony. That nodel is of interest here since it explicitly focuses on
a snall open econony and on the ?arti cul ar wage bargai ni ng process

that operates in the Swedi sh econony

In the Scandi navian nodel of an open econonmy wth fixed exchange
rates, there are two goods, tradeables and non-tradeables. A
production function, conbi ni ng capital and | abour in fixed
proportions, represents technol ogy, and technical progress occurs over
time as exogenous changes in production coefficients. Relative changes
in wages in the sector for tradeable goods are assunmed to be such as

to keep the functional distribution of income constant:
(3.1) Dw = Dp + Dg ,
T T

where Dw is the relative change in wages, I%) the relative change in
prices in tradeable goods and DgT the relative change in |abour
productivity in thel sector for tradeables and T refer to the sector

for tradeabl e goods
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Because of conpetition in the |abour market and union behavi our, wages
are assuned to change at the same rate in both sectors. Hence, once
again assuming the functional distribution in the non-tradeable goods
sector to be constant, we have Dw=Dp N+DgN, where N refer to the sector
for non-tradeabl e goods.
Hence, price changes in this sector are determ ned by

(3.2) DDN= Dw- Dy N=Dp T+ (DgT - QN).
As an enpirical fact, let

(3.3) DgT > DgN«
and hence DpN > DpT. If DpT=0, then

(3.4) DpN = DgT - DgN

which is the equilibriumrate of inflation or the "excess rate of

inflation due to union behaviour.

Changes in (Dg T-Dyg N ), the difference in productivity changes between
the two sectors, cause both the rate of inflation and the variability
of relative-price changes to nobve in the sane direction. To prove
that, |et

(3.5) DP = DpT+ aN(DgT- Dy N)

be the rate of inflation, where aN is the val ue-added share of the

shel tered sector. Define the two relative-prices in |logs as
(3.6) DpT - DP = -aN[DgT - DgN)

and

(3.7) Dp - DP = (1 -aN) [T - DyN).

For sinplicity, let the variability in relative-price changes be

defined by the unwei ghted variance:
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(3.8) vp = 0.5 ((a2 + (l-et )23 (D9; - DgNj2),

where p refers to a vector of relative prices.

It is now evident that the proposition is proven by (3.5), (3.8) and

(3.3), since
ale - avp = “DgN,
(39 4 poT. ngny aN > 0, a(DgT_Dgw. a(DgT DN 5 o

2 2
where a=(a N) +(1-aN) . a>0 and (Dg T -Dg N) >0 by assunption, which shows
that changes in relative productivity changes between sectors forces
both inflation and relative-price variability to nove in the sane

di rection.

3.5 Asymmetric price Adiustnents

In the price adjustnent cost theory, it was inflation which caused
changes in the variability of relative-price changes. In the inplicit
contract theory and in the Scandi navian nodel of inflation it was
di fferent exogenous di sturbances which caused both inflation and the

variability of relative-price changes to nove in the same direction.

The theory of asymmetric price adjustments inplies a causality in the
opposite direction, from variability in relative-price changes to
inflation. The idea has been put forward by Schultz (1959) and by

Tobin 1972) and is consistent wth Reynes' thoughts on this

17)(
natter

Consi der an econony whi ch experiences relative shocks, creating excess
demands and excess supplies on different markets. Wthout asymetric
price adjustnent, such relative shocks, by definition, would | eave the
aggregate price level unaffected. The theory then assunes that some
prices are sticky downwards, while others adjust fully. Hence, rising
prices, due to excess demands, are not offset by decreasing prices on
markets with excess supply. The result s increased relative-price

variability and inflation.
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The downward stickyness could be related to a zero inflation rate,
inplying that prices are not decreasing on markets with excess supply.
However, it could also be related to some positive inflation rate (a
core inflation rate). In this case, the inplied relationship between
the variability of relative-price changes and the rate of inflation

woul d hold true, at least for a wide range of npdest inflation rates.

3.6 Concl udi nq Remarks

In this chapter we have anal ysed some non-neutral theories, in which
links between the variability of relative-price changes and the rate
of inflation have been shown to exist even if inflation is fully

anti ci pat ed.

By introducing costs of price adjustnent, inplicit contracts inplied
by search and information costs, a particular type of union behaviour
in a fixed exchange-rate open econony and asymmetric price adjustnent,
we have shown that a positive relationship is likely to exist between

the variability of relative-price changes and the rate of inflation.

In the enpirical literature on this subject, e.g. in Vining and
El wert owski (1976), Balk (1978) and Parks (1978), it is considered
that causality runs frominflation to to the variability of relative-
price changes. An exception is Fischer (1981b), who explicitly
recogni ses the causal anbiguities.

In fact, the previous analysis indicates that the relationship between
inflation and relative-price variability is not a very stabl e one,
since this relationship can be caused by different exogenous shocks,
i.e. productivity and input price shocks on the supply side, or

nonetary shocks fromthe denand si de.

In the next tw chapters, we shall assume that causality is from
inflation to relative-price variability. This assunption can be
justified in terms of the price adjustnent cost theory. However, in
the sixth chapter, we shall empirically anal yse the causal

rel ationships and treat all variables in the analysis as endogenous.
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4 | NFLATI ON AND RELATLVE-PRICE VARI AHIIITY: SOVE FVPIRI CAl FVI DENCE

4.1 Introduction

Havi ng reviewed the theories of the relationship between relative
prices and the rate of inflation, we nowturn to the enpirical
evidence. Starting in the nmddle of the seventies a nunber of
enpirical studies appeared in which this relationship was studied.
However, enpirical econom sts were interested in this relationship as

early as in the 1920s

In the present chapter we focus on sone sinple enpirical regularities,
usi ng regression studies in which we analyse the relationship between
the wvariability of relative-price changes and the rate of inflation.
The main purpose of the present chapter s to exam ne this
rel ati onship for Swedish data and to conpare the results to earlier

evi dence for other countries.

The chapter starts with sonme inportant definitions. Then a review of
earlier enpirical findings is given. In the third section we anal yse
the relationship between the variability of relative-price changes and
the expected and unexpected rate of inflation for the Swedi sh data.
The definition of the formati on of expectations is given here and it
can be conpared to other definitions in the enpirical literature. In
the | ast section we conpare the results for Sweden with earlier

evidence for other countries.

. E . .

According to the previous anal ysis we can expect to find a positive

rel ati onshi p between

(i) the variance of relative price changes and the variance of the
rate of inflation,

(ii) the wvariance of relative price changes and the expected rate of
inflation, and

(iii) the wvariance of relative price changes and the unexpected rate
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of inflation.

Suppose now that an increase in the variance of relative price changes
causes both the variance of the rate of inflation and the rate of
inflation to i ncrease; then we can expect to find a positive

rel ati onshi p between

(iv) the variance of the rate of inflation and the rate of inflation

The first and the third relationships are closely related, since an
increased variance in the rate of inflation is likely to increase
uncertainty about the inflation rate, and hence the unexpected rate of

inflation 2

In this chapter We shall concentrate on (ii) and (iii), the
statistical rel ationships between the variability of relative price
changes and various concepts of inflation, though (i) and (iv) have

al so been studied in the literature

Before continuing, we need some notations and definitions. Let pit , be
the price of coommodity i at timet and let Dp it . denote the relative

change in the price of this comodity, defined as

where Dpit. =log(( PR - 1) + nee 2Pit Pit-Pit-1

it-1 Pit-1

is approxi nately the percentage change in p. fromperiod t-1 to period
i
t.

The logarithmic transformation is performed for anal ytical convenience
and w |l be very useful in the next chapter when we work with a Cobb-
Dougl as technol ogy. The logarithm c transformati on has al so been used
in other studies and hence is advantageous when conparing enpirica

results.

Let P be the general price J|evel and let DPt be the rate of

inflation, where DP is a price index defined by
t
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(4.2) DPt = L wit Dpit.
|

where wit will be specified in alternative ways.

The relative price of commodity i at tinet is then defined as
( /Pt ) and the change in the relative price as (Dp it -DPt). Finally,
we need a measure of the variability of relative price changes,
correspondi n%)to t in Chapter 2. W choose the variance neasure in

Thei | (1967)

(4.3) Wt =i wit (Dpit-DPt)2
[

where pt refers to a vector of relative-price changes.

Thi s measure has the property of increasing with the deviation of Dp,.
fromits urean DP . Cbserve that the urean of the relative pricelst
changes is zero and that Vp is zero if all prices nobve in proportion.
The Wit are weights and will be specified in alternative ways. The w.

i

are sonetines equal for each comodity, wit= 1/n or are defined as
WE-pitgit/ pitgit.

In Tables 4.1 and 4.2 previous enpirical evidence can be found. In

Table 4.1 equations (1) to (4) are from Fischer (1981a), equation (5)

from Fi scher (1982), equations (6) to (12) fromBlejer (1981),

equations (13) to (17) from Parks (1978) and equations (18) to (21)

fromBlejer and Lei derman (1982).

In Table 4.1 we report results fromregressions with th as the
dependent variable and wth EPt, Dt, and (DPt-EDPt) as the
i ndependent vari abl es. EDPt is defined in the foll owi ng ways:



32 EMPI RI CAL EVI DENCE

EDP (1) = Mean of price expectations of respondents to Survey Research
Cetnter Questionnaire; from M chigan Survey Research Center.

EDP (2) = Projection fromfive-variable vector autoregression.

EDPtt (3) = First-order autoregressive expectations, based on a projec-

tion on the basis of the rate of inflation in the previous

period.
EDP (4) = Second-order autoregressive expectations.
t
EDP (5) = DP
t t-1 ]
EDP (6) = DP + Di .
t t-t t-
EDP (7) =i , where | is the nomnal interest rate at tine t.
t t t

In Table 4.1 Vp_ is defined according to (4.3) with different
t

definitions of the weights wii

wi = Pigi /].£ pi gi

in equations (1) to (4) and (6) to (21), and
w =1/n
't

in equation (5).

DP is defined as the consunption deflator in the national incone

accounts U as the consurmer price index in each country, respectively.

Note that in equations (18) to (21), fromH ejer and Lei derman (1982),

Vp has been divided between traded and non-traded goods. Equations
t

(18) and (19) refer to traded goods and (20) and (21) to non-traded

goods.
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Table 4.1Results fromregressions with Vpt as the dependent variable. R2 is the
nultiple correlation coefficient adjusted for degrees of freedomand D-Wis the
Dur bi n-Wat son statistic. t-values are in parentheses.

Equat i on I ndependent vari abl es Sunmary Sanpl e
no. statistics peri od
(1) Const ant DPt DPt-1 R2=.397 1948: QL-
D W1. 79 1980: QL
-. 081 046 -. 008
[-2.7) [3.86) (-.66)
(2) Const ant EDPt (1) DPt - EDPt (1) R2 =. 414 1961: Q-
D- W£L. 96 1980: @2
-.021 018 017
(-.62) [3.02) [2.41)
3 Const ant EDPt |1 DPt - EDPt |1 R? =. 370 1970: QL-
) nstan ) ) D W1. 90 | 980:
-.48 .021 030
[-.65) [1.96) (2.37)
[ 4) Const ant EDPt (1) DPt - EDPt (1) ' DPt-EDPt (1) R2=.516 1961: Q-
D W1, 62 1980:
-.054 . 012 074 -.030
[-2.19) [2.72) [6.61) (-2.43)
(5) Const ant EDPt (2) DPt-EDPt (2) + DPt -EDPt (2) Re2=.212 1969: 4-
D W1 74 1980: Q4
-6. 155 1.082 4.085 -1.172
[-1.73) (1.91) [3.39) [-.87)
[ Const ant DPt R2=. 352 1977: ML-
'6) nstan D- W1, 56 1980: M4
-9.10 580. 24
(-.86) [4.36)
[ Const ant EDPt (3 DPt - EDPt (3 R? =. 380 1977: ML-
7 nstan (3 (3) AR R Ay
45.71 -136.02 617.78
(1.00) (-.23) (4.56)
[8) Const ant EDP!t | 3) DPt- EDPt (3)  Var (DPt| R2=. 463 1977: ML-
i D WL, 62 1980: w4
81.83 -751. 66 549, 33 43
(1.79) [-1.21) (4.18) [2.26)
( Const ant EDPt (4 DPt - EDPt (4 Var ( DPt R? =. 392 1977: ML-
9 nstan @ (4 ( ) D W1, 77 1980: W4
-12.97 540. 48 517.29 . 48
(-.40) (1.18) [3.62) (1.26)
1 EDPt (5 DPt - EDPt |5 Var ( DPt | R2=. 463 1977: ML-
(10) Constant 3 ) ( D WeL. 62 1980: w4
4.56 258.21 549. 33 97
(.36) [1.43) (4.18) (2.26)
-EDPt (6)  Var (DPt R2=. 533 1977: ML-
(11) Const ant EDPt (6) DPt ) (DPt) R332, Tosoi v
6.00 218. 77 551. 82

1.11
(. 55) (1.41) (4.51) (2.79)

Country

USA

Vst
Ger nany

Argentina

Argentina

Argentina

Argentina

Argentina

Argentina
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Table 4.1 cont.

Equat i on I ndependent vari abl es Sunmar Sanpl e Country
o statistics period
(12) Const ant EDPt | 7) DPt- EDPt [7)  Var (DPt | R2=. 487 1977: ML- Argentina
D W2, 01 1980: M4
12.88 -44. 77 687.03 2.54
(.93) (-.17) (4.74) (2.92)
(13) Const ant DP2 R2=.238 1921- Hol | and
1964
. 002 254
(5. 85) (3.31)
(14) Const ant [DPt) ? (DPt | 2 R2=. 344 1921- Hol | and
1964
. 002 . 094 . 387
(6.32) (. 97) (4.33)
(15) Const ant DP2 R%= 562 1948- USA
1975
. 0001 . 258
(.91) [5.97)
(16) Const ant DP2 R?=. 347 1930- UsA
1941
. 001 . 288
(1.66) (2.51)
(17) Const ant DP2 R2=. 476 1930- USA
1941
. 0003 324 and 1948-
(1.40) (5.97) 1975
(18) * Const ant DPt R2=.362 1951- Mexi co
D- W£L. 43 1976
. 002 L1111
[5.00) (3.58)
(19) Const ant EDPt | 3) DPt - EDPt (3) R? = 365 1951- Mexi co
D- W1, 88 1976
002 . 026 . 325
(4.00) [ 46) [ 3.35)
* %k
(20) Const ant DRt R2=.013 1951- Mexi co
D- W£L. 69 1976
. 001 . 017
[2.50) (.53)
* %
(21) Const ant EDPt [ 3) DPt - EDPt | 3) R2=. 491 1951- Mexi co
D W2, 06 1976
. 001 . 037 291
(1.25) (.76) (4.10)

Note * refer to tradeables and *- to non-tradeabl es
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In Table 4.2 regressions of the coefficient of variation of relative

price changes 5) on the rate of inflation, from Jaffee and Kl ei man

(1977), are reported

In this table regressions of the coefficient of variation of relative
price changes on the rate of inflation are reported for 13 different

countries

The reported regression equati ons are

vt = Vpt/2/ DPt = a + b DPt!

Mul ti pl ying both sides by Dﬁ one obtains

W1/2 =aDPt +b

Hence, exami nation of the sign and significance of the coefficient a
mekes possible a conparison with the results in Table 4.1. Fromthe
regressions in Table 4.2 it can be seen that in 10 cases out of 13, a
is positive and in 5 cases out of these 10, a is significantly

positive at the 5 %level of significance

Jaffee and Kleiman also report a cross-country regression of the
average di spersion in relative price changes on the average rate of

inflation:

vol'2 = 0.72 + 0.68 DP

R2 = 0.73



36

Tabl e 4. 2Regressions with the coefficient of variation of relativa prices as the
dependent vari abl e. R2 is the nultipla correlation coefficient. t-values are in
parentheses. The results are quotations from Jaffee and Kl ei nan (1977).

Equation Independent variabl es R? Sanpl e Country

no. peri od
Const ant DPt |

(1) 04 6. 40 . 916 1951- 1966 Argentina
(1.33) (11.43)

[2) -.58 5.21 607 1952-71 Fi nl and
(-1.35) | 5.26)

[3) 09 4.60 573 1962- 70 Brazi |
(.38) (3.07)

[4) -.45 2.84 1957 1963- 72 Vst Ger many
(-5.00) (13.52)

(5) . 36 2.15 639 1954-72 Japan
(2.00) (5.51)

(6) 11 1.73 048 1954- 72 Sweden
(2.20) (17.30)

[7) -.02 1.43 . 653 1965- 72 Nor way
(-.29) [11.00)

(8) .12 1.34 873 1965-72 Uni ted Ki ngdom
(1.71) (10.31)

(9) .07 1.32 . 463 1963- 70 France
(.37) ()

(10) .19 1.27 972 1958-72 Dennar k
[9.5) ()

(11) 3 1.25 653 1956- 72 I'srael

.37
(3.36) (5. 43)
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The cross-country regression reveal s a significant positive
rel ati onshi p between the average dispersion rate and the average rate

of inflation.

Tables 4.1 and 4.2 show that there is evidence Of a positive
significant relationship between the variance (or the st andar d
deviation) of relative price changes and the actual (squared) rate of
inflation. This is the case for USA, Argentina, Holland, United
Ki ngdom Dennark, Israel, and Chile. In some cases quarterly or
monthly data were used, but in npst cases data were annual

observati ons.

In addition, the actual rate of inflation was divided into different

conponent s:

1. division between actual inflation and deflation.

2. division between expected and unexpected inflation according to
different assunptions on the formati on of expectations.

3. division of unexpected inflation into unexpected inflation and

unexpect ed defl ation.

Finally, in Blejer and Leiderman (1982), VWt was divided between

traded and non-traded goods.

As we can see in Table 4.1 the results are not quite unanbi guous.

These tests are joint tests of the hypothesis of inflation exerting a
positive influence on the variability of relative price changes and
the hypothesis of the formation of inflationary expectations, except

when actual |y observed expectations are used.

According to the nmodels of inflation discussed above 6) , prices nay be
rigid in some markets of the econony and hence inflation and the
variability of relative price changes may both increase in response to

an increase in excess demand.

In Parks (1978) the coefficients for squared inflation and deflation
both are positive, but only deflation is significant . Turning to
Fi scher (1981a), the division between unexpected inflation and
deflation was acconplished in another way. (DPt-EDPt) equals (DPt-
EDF: ) if greater than zero, and e_qual s zero otherw se. +Negati ve
unexpected inflation is (DP tEDPt) :(DPt—EDPt)—(DPt—EDPt) . In this
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case the coefficient for the deflation variable is expected to be
negative. It turns out that the coefficients have the expected signs,

but in one case the deflation variable is not significant.

These findings are consistent with the hypothesis of downward price
rigidity in some sectors of the econony, since an increased excess

supply would lead to ever falling prices in some sectors and to fixed

prices in the price-rigid sectors. However in the case of increasing
excess demand, prices in all sectors would rise, but at different
rates.

As for the division of DP into EDPtand (DPt-EDPt), the expected and

t
unexpected rates of inflation, the results are somewhat m xed.

In the first place, the negative intercepts found in equations (1) to
(5) in Fischer (1981a) and Fischer (1982) and in equations (6) and (9)
in Blejer (1981), does not nake sence since thby definition always
must be non-negative. This probably reflects m sspecifications; e.g.

the wong functional formmay have been used.

Secondly, a general finding is a positive significant relationship
between Vp and (DP -EDP ), while in only two cases is EDP
signifi cantt at the 5 tt | evetl of significance. The significant EDP ar et
from Fischer (198l1a): in both cases the constant term was negatti ve.

Since these results hold for a nunber of different assunptions of how
expectations of the rate of inflation are forned, the indication is
strong that the variance of relative price changes is nost heavily

linked to the unexpected rate of inflation.

We now turn to the Swedi sh evi dence.

In this section the analysis in Chapters 2 and 3 on the hypot hesi sed
rel ationship between the variability of relative price changes and
various concepts of inflation is given enpirical content. The
enpirical exercises will follow the Iine of the previous section, and
hence will be a nmeans to accunulate evidence on a particular point.
However, it should be pointed out that these sinple regressions, as in

Tables 4.1 and 4.2, are by no neans exhaustive, but are perforned to
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provide comparisons with evidence for other countries and to give a
first indication of the relationship between the variabl es concerned.

A nore conplete framework will be given in Chapters 5 and 6.

According to the previous analysis we should expect to find a positive
rel ati onship between the variability of relative price changes and the
rate of inflation. Hoth expected and unexpected inflation night

influence the variability of relative price changes.

First, we must introduce the definitions of Vpt , DPt , and EDPt, i.e.
the wvariability of relative price changes, the actual rate of

inflation and the expected rate of inflation, respectively.

Vp is defined according to (4.3), i.e. as
t

Vpt = | wit(Dpi -DPt)2
[

where the wit are weights or budget shares.

Three different nmeasures of Vpt have been used. In one case we have
used the six aggregate conmodities in the CPl . A problemin this
case, apart fromthe disadvantage of the highly aggregated data, is
that the quality of the different goods has changed over tine. In
general, there does not exist any known method by which these quality
changes can be incorporated consistently into a cost-of-living index
or into a neasure |like Vp . In order to avoid this problemwe define
Vp for a set of (approxinmately) constant-quality commodities, C. For
thtta sanple period 1951-1979 we were able to sel ect 44 such
commodi ti es, whose budget shares in the CPl were calculated in 1955,
when the commodities accounted for 24 t of total private consunption.

These commodities are |listed in Appendix 3.

The wvariability neasure for the aggregate six comodities is defined

as
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where it pitgit / Lopitait.

The constant-quality variability measure is defined as

(4.5 vPa = L W (Dpit-DPtj2
C

wher e Wi:pigi/ L pjgj’
j EC

where Cis the set of constant-quality commodities.

Now we have two variability neasures, one which is highly aggregated
and one which consists of only constant-quality commodities. |gnoring
quality changes, we can define a third variability nmeasure, used al so
by Vining and El wertowski (1976), in which all the combdities in the
CPl are used:

My

(4.6) VPt = |

1 wit(Dpit-DPt)2

where wit=1/nt for all i. This is the unweiahted variability neasure
and incorporates all commodities in the CPl. The nutuber of comodities
varies over time, with a mnimmof 212, and a maxi num of 335. Further
description of the data is given in Appendix 2.
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The actual rate of inflation is here nmeasured by the Swedi sh CPI, and
the expected rate of inflation, EEF , is defined in two alternative
ways. It is supposed that the expected rate of inflation at time t,

EDﬂ , is a function of the lagged actual rate of inflation

(4.7) EDPt = f(DPt-1.DP , . ).

(4.7) is specified as

(4.8) EDPt = DPt-1 + aO(DPt-l—DPt_z) + al(DPt-2-DPt-3)

and as

(4.9) EDDA = (1-b)DPt-1 + (1-b)bDP, , + (1-b)b2DPt-3 .

(4.8) is known as extrapolative expectations and (4.9) as adaptive
expect ati ons. Under the adaptive expectations hypot hesi s, t he
individuals are assumed to revise their expectations according to

their nost recent forecast error (and hence it is a |earning process):

EDPt - EDPt-1 = A(DPt-1-EDP t-1)

whi ch can be sol ved for EDT as
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EDPt = (1-b) L bIDP,_

k=0 1-k

where b=1-X.

The extrapolative and adaptive expectations hypotheses have been
widely used in theoretical and enpirical wrk. The extrapolative
hypothesis is due to Metzler (1941) and was |ater used by Goodw n
(1947). The adaptive expectations hypothesis is due to Cagan (1956).

The adaptive expectations hypothesis has al so been supported by
enpirical evidence. Valentine (1977), Defris and WIliams (1979),
Jacobs and Jones (1980) and Jonung (1983) have found sonme enpiri cal
support for this hypothesis in their enpirical work with actually
observed expectations in Australia, USA and Sweden. Theoretical
support  for the adaptive expectations is given in Turnovsky (1969),
who shows that a decision maker, form ng expectations by using a

Bayesi an sanpling procedure, will change his expectations adaptively.

The estimations of the expected rate of inflation to be used
10).

subsequently resulted in the followi ng predictions

a0 = -0.32 al = -0.47
(0.17) (0.18)
b = 0.41
(0.14)

Note. Standard errors in parentheses.

The Buns of the |agged coefficients are unity for the extrapol ative
scheme and 0.93 for the adaptive scheme. Hence the adaptive schene
adopted here systematically underestimates inflation. Note also the
negative signs for the a-coefficients: this neans that the expected
rate of inflation is revised downwards if the rate of inflation has
increased for the last three years. This is quite reasonable if agents
percei ve the business cycle.
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Before turning to the regressions we should inspect the devel opnent
over time in Vp , DP and (DP -EDP ). This is shown in Figures 4.1 to
4.3. In Fi gurte 4.t1 we havet depitcted Vpa, DPt and éDPt_ EDP? for the
period 1951-1979. In Figure 4.2 we have depicted Vp ¢ DPt

and (DP -EDPA), and in Figure 4.3 Vpu, DP and (DP - EDP ')A (DP -EDP'?,
the unetxpectzad rate of inflation, haé been measured in fabs.o.l_u.Lé terrtrs,
since, according to the hypothesis, it should not matter whether it is
positive or negative.

For the aggregated Vp in Figure 4.1 there seens to be cl oser

a

rel ati onshi p between Vp and DP t han bet ween Vp and (bP tEDP?
a

There are two major increases in Vp t during the sanple period, between

1955-60 and in the 1970s During the first of there perlods there is a

peak in DPt and (DP -EDP) in 1956. In the 1970s both VP and DP rise

and are closely related. Bot h Vp and DPtshow an increasing trend

during the latter period.

Turning to the highly disaggregated data of Vp in Figure 4.3 |t turns
out that there is a nuch closer correspondence bet ween Vp and t he

inflation variables.

Looking again at Figure 4.3 it is clear that Vpufol lows a procyclical
pattern. The peaks in 1951, 1955, 1959, 1962, 1965, 1970-71, 1974 and
1979 can be recognised. This finding reinforces the finding in the
Luras nodel of Chapter 2, in which both the variance of the general
price level and the variance of relative prices were driven by the
variance of exogenous demand shocks.

It is hard to discover trendlike movenents in the constant-quality
data in Figure 4.2. But both in Figure 4.1 and in Figure 4.3, with a
bit of imagination, the trends in both Vp u and DP seemto be U shaped.
This is particularly evident for Vpt and Vp t v
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W now turn to the regressions of VWt on different neasures of

inflation, for the sarrpl EJJEI‘I od 1951 1979. W have used the three
variance neasures Vp , Vp and Vp as the dependent vari abl es |nAthe

t A
regressions. These have been regressed on DP , EDP and (DP -EDP ) ,

and EDPE and (DPt -EDPE), respectively. Al in all, that nmakes 9
equat i onsf. In additi on,t we have checked for first-order serial

correlation in the errors, and in some cases the correlation
coefficient between the residuals was significant. Running the

regressions W th both error processes, O.S and AR(1), we have 18
equations. The results are presented in Table 4.3. The nine equations
presented in Table 4.3 have been chosen according to the appropriate
error process. Following Engle (1974), this is done by accepting the
hypothesis of a first-order autoregressive process if e is greater
than 0.6 and statistically significant at the 5 % significance |evel.
This is a rule of thunb for choosing betaeen thedOLS process and the
AR(1) process. For the regressions with \t/p and UVP the AR(1l) process
is rejected but for the regressions with th the AR(1) process is

accept ed.

That | eaves us with nine equations for which we can test the overall
significance using F-tests on R . In five cases the regression
equations are significant at the 5 %l evel of significance: in
equations (1), (5), (7), (8) and (9) of the table. In equation (1),
Vpais regressed on DP and the t-value for the latter is 2.74. In the
Ia%ter four equati oné al | regressions \L?“h thu as the depezndent
variabl e show overal | significance. Wen Vpt is regressed on DPt and
expect ed and unexpected squared inflation, under extrapol ative
expectations, respectively, the equations are significant at the 1 %
| evel . Both expected and unexpected inflation are significant at the 1

% | evel .

When adaptive expectations are assumed, as in equation (8) in the
tabl e, the overall fit is significant at the 5 %1l evel. However, in

this case, unexpected inflation is significant only at the marginal
significance | evel of about 20 % and al so show a wong negative sign.



Table 4.3 Regressions of Vpt, Vpt and Vpt on actual, expected and unexpected inflation. R2 is the nultiple
correlation coefficient adjusted for degrees of freedom F is the F-statistic, pis the estimated first-order
correlation coefficient for the residuals and DDWis the Durbin-Watson statistic. t-values are in parentheses.
The critical values of the F- and t-distributions at the 5 %l eve] are F(2,26) = 3.38 and t(26) = 2.056.

Equation Dependent |ndependent variables 9 R2 F(2.26) p D-wW

no. variable o ctant DP2 EDP 2 (DPt -EDPt) 2 EDPE ( DPt - EDPE) 2

1 Vpt 00038 . 04122 . 189 7.511 - 2.104
(4.063) [2.741)

2 th . 00040 . 04597 02115 048 1.706 - 2. 302
(3.454) (1.721) (.832)

3 va 00040 04145 . 02695 .053 1.780 - 2.338
(3.499) (1.735) (.847)

4 upt 00568 . 13621 .003 1.092 - 1.926

(6.937)  (1.045)

5 vpt 00714 -. 40447 28501 (157 3.612 - 2.095
(8. 434) (-2.057)  (1.525)

§ Vpt . 00668 -. 25265 142553 108 2.690 - 2.134
(7.745) (-1.394) (1.763)

7 U 00328 . 05962 400 19.66 679 2.056
(1.938)  (3.380) (4.9)

8 vpt . 01264 -.85481  -.25557 293 6.812 911 2.000
(3.025) (-3.126)  (-1.471) (13.2)

9 . 00443 37389 74432 470 13.406 617 1.976

vu (4.712) (2.388)  (4.110) (2. 49)
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In Table 4.3 we can al so see that the t-values for expected inflation
in general are higher than for unexpected inflation, hence giving
support to the non-neutral hypotheses put forward in Chapter 3. The
constants all have the right positive signs and are always significant

at the 5 °«. level.

The best fits are found in equations (7) and (9), with R 2 being 0.40
and 0. 36 respectively, when Vp is used as the vari abl lity nmeasure and
when extrapol ative expectati ons are assuned. Vp is the unwei ghted
variability neasure, where all the commpdities in the CPl are used,

and hence give a neasure of the total variance. So does Vp ta’ but the
variance within the six aggregate conmodity groups ids then ignored.

Finally, the constant-quality comodity neasure, Vp , is very poorly
expl ai ned hszre. Therefore, it seens as if Vp:Ji s the neasure we shoul d
prefer. Wt s significantly related to both expected and unexpected
inflation, with the correct expected positive signs on the paraneters,

and the overall fit is highly significant.

4-4 nter national Evidencc_~_A Conparison

The results found here are simlar to those found by Fischer
(1981,1982) for USA and West Germany, (equations (1) to (5) in Table
4.1), except that Fischer|;btained a rather odd negative constant in
the regression equations . It should be noted that Fischer used the
actual ly observed inflationary expectations of the Mchigan Survey
Research Center. As here, Fischer found actual, expected and
unexpected inflation to be positively and significantly related to the

variance of relative price changes.

The findings for Sweden confirmearlier evidence for USA Argentina,
Hol I and and Mexico, for the relationship between the variability of

rel ative-price changes and the actual rate of inflation.
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The evidence here, that both expected and unexpected inflation are
significantly related to Vp t , contradicts the findings by Blejer
(1981) for Argentina and Bl ejer and Lei derman (1982) for Mexico. They

found unexpected inflation significant, but not expected inflation

Though the findings here are fairly strong, when conpared to earlier
foreign evidence, and in general support the hypotheses put forward,
the relatively low multiple correlation coefficients indicate that the
underlying nodel could be inproved. Therefore, in the next chapter we
shall analyse the determ nation of relative price variability in a

nmore sophi sticated nodel
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5 A MODEL OF RELATIVE PRI CES AND REIATIVE-PRICE VARIABILITY | N AN OPEN
ECONOMY

5.1 Introduction

The reduced formregressions of the previous chapter are hard to
interpret. In the present chapter, we shall therefore try to give the
model nore structure. This shall be carried out by constructing a
nmodel , based on the previous theoretical reviewin Chapters 2 and 3,

in which price variability is deterni ned

We are interested in the possible non-neutrality that night exist from
the influence of expected inflation on the variability of relative
price changes. In order to test that hypothesis, we construct a
neutral model, in the spirit of Chapter 2. It is then possible to test
whether the addition of non-neutrality to the nodel significantly

affects the variability of relative prices
Bef ore devel opi ng the nodel, however, we shall provide a short review

of previous theoretical nodels, in Wwhich the relationship between

inflation and relative-price variability has been explicitly anal ysed

B 2 Farlier Theoretical Mbdels

As could be seen in Chapters 2 and 3, the variability of relative
prices can be analysed within different frameworks. One franmework is
provided by the Lucas nodel in Chapter 2, where price variability is
not affected by the expected rate of inflation. In other nodels, such
as those of Tobin (1972), Sheshinsky and Wiss (1977) or GCkun (1981),
relative price variability is directly linked to the expected rate of
inflation.

Explicit tr eat ment of the wvariability of relative prices in
theoretical nodels can be found in Parks (1978), Cukierman (1979),
Cuki erman and Wachtel (1979, 1982), Fischer (1981a, 1981b, 1982) and in
Bl ej er and Lei derman (1982). In Chapter 2 we have al ready di scussed

the devel opnment of the Lucas nodel by Cukierman and Wachtel. Here we
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shal | focus our attention on the nodels in Parks (1978) and Bl ejer and
Lei derman (1982). The nodel in Cukierman and Wachtel (1979, 1982) is
stochastic, while the nodels of Parks and Blejer and Lei derman are
deterministic. The nodel of Blejer and Leidernan is an extension of

Parks' nodel to an open econony.

In Parks' nodel , supply and denmand functions are defined for each
market i and the econony consists of n such markets. The supply

function on market i is defined as

(5.1) log git =ai + 0ilog (pit/EPt) rYi t

where p it is the price of commodity i at time t and EPt is the
expected price |level, t is a time trend and log is the natural
logarithm W could call (5.1) a deterministic Lucas supply function.
Parks rationalises it as @a supply function devel oped froma Cobb-
Dougl as production technol ogy, where all n comopdities are used as
inputs. An alternative, and nore realistic, rationalisation for this

type of supply function is given in the next section.

Parks al so defines demand functions

(5.2) log qit =n, log pit + pi log yt

wher e yt is the noney incone, -qi:pi ensures honogeneity of degree
zero in income and prices and all cross-price effects are ignored.

Equating supply and denand and solving for pit, this nodel deternines
th =LV\i/t(DpiEDPt) as a function of (DPt-EDPt ), (Dyt-DF; ) and sone
cross-terns. Hence, it conforms well with the Lucas nodel discussed in
Chapter 2.

Wthin a simlar framework, Blejer and Leidernman (1982) anal yse
relative price variability for an open econony. They deconpose Vp for
traded and non-traded goods and assunes that EDPt =OEDPTt+( 1- S) EDP

(where T and NI refer to traded and non-traded goods, and O<0<1) is
the rationally expected rate of inflation. th in this nodel then also

depends on devi ati ons between DP and DP
Tt NTt
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Par ks' and Blejer and Leiderman's nodels are estimated by OLS
regressions and the results were presented to the reader in Table 4.1.

We now turn to the devel opment of a similar nodel for an open econony.

5.3 The Mhdel

The nodel here will be in the spirit of the nodel in Parks (1978). W
shall derive supply and demand functions for a set of markets and

determine Vpt in the nodel. We start with the supply side.

Firstly, we assune that a representative firm operates under a Cobb-
Dougl as technology with constant returns to scale, using |abour, raw
materials and capital as inputs. The capital stock is assuned fixed

and the production function is defined by

(5.3) g = lanbkl -a-b

where k, a, b, and c are constants, 1 is the quantity of |abour, mis
the quantity of raw materials, k is the capital stock and q is the

quantity of output.

Since we assune the elasticity of substitution to be one, and use both
| abour and raw materials in the production function, this formulation
mght, at firnt sight, appear sonewhat unrealistic. Since a CES
function woul d have been inconvenient for the enpirical analysis |ater
on, we shall use the Cobb-Douglas as an approxi mati on. Another sinple
alternative to the Cobb-Douglas would have been a production function
with raw materials proportional to output 1) . However, it can be argued
that substitution between |labour and raw materials actually take place
and can even be substantial. If raw material prices rise, it is likely
that one tries to economise on raw naterials, e.g. by changing
techni cal constructions, the conposition and tol erances of different
products, trying to waste less, etc. In that process, raw materials
will typically be substituted with labour. In addition, since
aggregate data is wused in the enpirical analysis, substitution will
take place between firms, and, for firms producing nore than one

out put, between products.
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The profit function for the representative firmcan be veritten as
(5.4) a=pg- (W +pm m+pk k) ,

where w is the wage rate, p the price of raw materials and where pk
m

may be thought of as a quasi-rent on capital.

The firmtakes all prices, output price and input prices, as given.
However , assume that the |abour market can be characterised by the
follow ng sinple supply and demand functions, which are, for the sake

of conveni ence, assunmed to be |inear

(5.5) Is = 11 + 12(wWEP)

and

(5.6) Id = 13 + 14(WEP) |

S d
where 1 is | abour supply, 1 is |labour demand, 11 1Z 13, and 14 are
paranmeters, and EP is the expected price level. (5.5) and (5.6) states
that 1 and 1 depends on the expected real wage rate, where the

general price level is not perfectly known.

This kind of |abour market nodel is chosen, since, as we shall see, it
gives the required results: a neutral nodel, insofar that only
unexpected inflation affects real variables. W can interpret the
expected real wage (WEP) in the followi ng way: At each point in tinme
the enpl oyees know their nom nal wage w with certainty, but |ack
conplete information on the general price level. Indexing tine with t,
EP is the price level which the agents anticipate at tine t. This
extpectati on is assuned to be formed at sone earlier date, presumably
at tine t-t. Hence, EP is based on information before tinme t. This
desription of the I}abour market is accurate in situations where
nom nal wage conditions at time t are contracted at time t-i, which is

a conmon procedure in practice.
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The | abour market clearing wage then is
(5.7 w= (2. 11 e
2 4

Let (13-11)/(12-14)=A. Since both w and EP are assumed to be positive,

Ais positive.

The labour market supply function assumes that |abour supply depends
on real wages before taxes. If we introduce a linear tax rate in the

supply function, the latter changes to
=11 + 12(W1-t)/EP)

and the nominal wage in equilibriumto

(5.7) w=( 1 1li-li t ) FEP
2 4 2

Letting (13-11)/(12-14-12t)=A" we see that A’ >A if t>0 Furthernore,
if t increases over tine, A wll not be a constant but will increase
over tine. However, |abour market studies general reveal |ow supply
elasticities and hence 1 2t will be snall ) In addition, if wage
subsidies are introduced into the demand function, the equilibrium

wage changes to

o Kl
(57 ) W=( l.lllt_ls)EP
2 7402 4

where s is the fraction of the wage rate which is subsidised. Letting
(13-11)/(12-14 +14s-12 t)=A"" , we see that the difference between A and
A " depends on the size of (14s-12t). |If the latter is zero, A<A'" . In
this nmodel, we ignore taxes and subsidies, assuming that (1 4 s-121t) is

smal |, and we adhere to the sinple relationship (5.7).



56 OPEN ECONOMY MODEL

Gven labour market equilibrium the profit function of our

representative firmchanges to

(5.4'") a=pqg- (A EP | +pm m+pk k) .

4)
The cost function for the firmis

(5.8) e(EP,pmg,k) = nin (AEP1 + pmm+ pk k)
a b 1l-a-b
subject to 1 mk = q. The notation e should not be confused

with the exponential function.

Sol ving the problem (5.8) we obtain a cost function

a b t
a+b ga+b

(5.9) e(EP,pmq,k) = G EP atb M

where Gis a constant, given by

1-ach o _a a
(((b) a+b + (b) a+b ) Aatb),

The profit mexim sation problemof the representative firmis

1

(5.10) max p q - Ge(.) gatb
q

The first-order condition is
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which can be solved for g to give the equilibriumsupply function for

the representative firm

512) a=(p &

Taking 1 ogs of the supply function, it can be expressed in |og-Iinear

formas
[5.13) log g =8 + alog (p/EP) + 0 log (p/p ),
m

where 8, a, and 0 are constants, given by

(5.14) e = | aabb (Iog(a"'b))" a = 1-a_b and S:l-a-b

The paraneters in the supply function are positive, i.e. supply reacts
positively to increases in output price and negatively to increases in

i nput prices.

Wth EP defined according to (4.7) or (4.8), and introducing the index
i for the particular market and t for a certain tine period, we

conplete the supply side of the nodel with the follow ng supply
functions:

(5.15) log qsu = 81 + ai log (pit/EPt) + Si log (pit/pnt)

It remains to specify the demand side of the nodel. Here we will
introduce an influence fromthe rest of the world: the denmand for

Swedi sh goods from abroad. The demand functions are specified as
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(5.16) Iog qit = yio+rli log (pit/pt) + ui log [yt/Pt) +

ei log (pit/PW) + yi log (yf/PW)

wher e ytd i's donmestic noney incone, yI is foreign noney incone, Pt is
the donestic price level and PW is the foreign price |level. For
sinplicity, all cross-price effects tare i gnored. The demand functions
are honogenous of degree zero in incone and prices. The expected signs
of the paraneters are q,<0, M>0, e <0 and -~ >0. Hence, quantity
demanded depends on donestic and forlei gn real income and on relative

prices, the donestic relative price and the donestic commodity price

relative to the foreign price level, all expressed in the donestic

currency

This system of supply and denmand functions typically enbodies the
neutrality property, since both supply and demand functions are
honobgenous of degree zero in nonminal variables. Miultiplying all
variables nmeasured in the nonetary unit with sone scalar A>0 would

| eave the systemin equilibriumwth all quantities unaffected.
Equating supply and demand, we can solve for the equilibriumprice on

market i at timet, pit, . Using Dpit=1logp ~-logpit-1, we can solve
It

for the relative change of the price of commodity i at tinme t.

_(qi+pi]DP1

(5.17) Dpit o (-ai EDPt + Si Dpnt + ui Dyd

- ei DPW + 0i (Dyt-DPW))

where g = (a +B -€ -n ).
i i i 1
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The solution for the change in relative-prices can be obtained by

subtracting with DPt on both sides of (5.17) as:

[5.18) Dpit DPt = |-ai (DPt-EDPt) + pi (Dpat-DPt) +
gi

Ni (Dyd-DPt| + ei [DPt-EDPt) + (DYf-DPW)).

W can also solve for the rate of inflation, defined by DPt:E w. Dp.t
i i

as.
(5.19) DPt = k< (iEwi . P +:Ewi o Dot +
fi o d el St
EW -5 DYy - Fw ogi- DPW W g (DY M) )
wher e
k=1+1Lw
it 9%

(5.18) and (5.19) forms a recursive systemin the sense that (5.18)
conft ains only the independent variabl es EtDP , Pr? , DyI , DPV\{ and
[Dyt-DPW | and the endogenous variable in (5.19), DPt. Inserting the
right-hand side of (5.19) on the right-hand side of (5.18), we get the
solution for the change in relative-price on conmodity i at tine t as:
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a. k. a.
(5.20) Dpit-DPt = ( g- - L ow S et +
1 9
Ki
= QL
( - L w n +
0, K g, ] Dp
uL . kL UL d
W.
9 Iy, Dyt -
e,L k. EL
( g Woobw g ] DPW +
=i k-
r -
T K w, i \ (D"t DPWt)

where k,=(n, +N, +g,)/g, .

According to (5.18), relative-price changes depend on unexpected
inflation, (DP-EDP), relative-price changes on raw materials, (pp -
DP), Changest in Ejomast ic real incone, (Dy-DP), the deviation from
thte purchasfng power parity, (DPt-DPWt), andt chatnges in foreign real
income, (Dy ; DPWt) .

Hence, once again it is evident that changes in relative-prices only
depend on real variables except for the unexpected rate of [nflation
The nodel can therefore, Ln our terms be Galled a neutral one.
However, note that it allows for the donmestic price level to deviate
from the foreign price Ilevel, ex p~essed in the donestic currency.
Hence, the nodel is not S.LLD.E.I’;Q.E.ULLHJ_S . since the law of one price is

not i nposed.

From the previous analysis of the signs of the paraneters in the
supply and dermand functions, it follows that g,>0. The effects on the
change in relative prices from a change ir|1 any of the independent
vari abl es are ambi guous. For exanple, the effect of a change in (DPt—

DPW), the deviation fromthe purchasing power parity, is
t
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8(Dp, - DPt | 1 DDPt
(5:21) (Pt - DPW | gi (Ci-ai a(DPt-DPW |
goP, 9P,
di a(DPt-DPW | - yi a(DPt-DPW )
DoPL

~i a(DPt-DPW) ).

If the change of the deviation fromthe purchasi ng power parity cones

froma change in DPt, the right-hand side of (5.21) reduces to

. (Ei_ui_ﬂi'ui"bi)

and if it cones froma change in DP\{V the right-hand side of (5.21)

is

1 S El =1
" (Ev-(ai4'+”'+o')) (1w + L W =

9i )

The signs of these partial derivatives are anbi guous and depend on the

supply and demand paraneters on the different markets.

The variance of relative-price changes in the nodel can now al so be
det er m ned.

W use the variability nmeasure (4.3), Vp=L w (Dp -DP) 2 where the
w. :s are assumed to be constant over tti ne. I(5. 18I) insztarted in (4.3)

i
gives the variance of relative-price changes in the nodel as
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(5.22) Vpt = B (DPt-EDPt)2 + B2(Dpnt-DPt)2 + B3(Dvt-opt |2 4
BA(DPt - DPW | 2 + 85 (DVF - DPW | 2+ B6 (DPt - EDPt)(Dp _ ~DPt | +
B, (DP-EDPL) (Dyt-DPt) + BB(DPt-EDPt ) (DPt-DPW | +
B9 (DPt - EDPt ) (Dyt-DPW | + B10(Dpnt-DPt)(DYd_DPt) +
B11(DPnt - DPt) (DPt- DPW) + B12(DPnt pp' ) (BYL-DPV +

B, (DYt-DPt)(DPL-DPW ) + B, (Dyt-DPt)(DYf-DPW | +

B, [ DPt - DPW ) (Dyf - DPW ),

where the B-coefficients and their expected signs are given by

2 52 u2
(5.23) BIZLWi a2>0, BZ:LWii2>O, BB:L\M.i27>0,
93 93 9j
2 $2 -0 S,
B4 =BEwi £ =0, BS=Ewi i2 >0, Bt =2Bw 121 <y,
gi gi gi
B7=25vvi'-alﬂ<o, BS = 2 Ewi —2- <o
gi gi
BY =2 Ewi 121 <0, B, =2 Ewi L2
gi gi
Bll = 2 Ew "4 <o B, =2EwW 2 >0
gi gi
_ . _ oouLyL
Byg =2 Ewi 2 <0 B, =2twi 4L, oand
gi gi
€.,
B, =2 Ewi Lt <

gi
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The nodel devel oped here differs fromprevious nodels in the follow ng
ways. Conpared to the Lucas nodel in Chapter 2, the nodel here is
determnistic. It is nmore general than Lucas' nodel in that it allows
different supply and demand paraneters between nmarkets and gi ves an
explicit role to foreign demand and for raw material prices. The open
econony nodel is an natural extension in an enpirical study for
Sweden. The role i nput prices, like oil prices, have been
enphasi sed by ot hers) , and it is likely that they have had sonve
i nfl uence on relative-price variability. The present nodel is,
however, in one respect nore restrictive than the Lucas nodel, since

inflationary expectations are restricted to be equal between inarkets.

Conpared to the nodels in Parks (1978) and in Blejer and Lei derman
(1982), the present nodel is a generalisation, since it considers the
effects of raw naterial prices and, conpared to Parks, the effects of

forei gn demand.

The possible non-neutral effects fromthe exaected rate of inflation,
di scussed in Chapter 3, will be taken up in the next sections, when we

formul ate the hypotheses to be tested.

5.4 Estimation of the Mdel

This section pegins wth a brief discussion of the data which are
avail able for estimation. Then we anal yse the econonetric nethods
which will be used and specify the hypotheses to be tested. Finally,

we discuss the results which are expected on the basis of our nodel.

5 4 1 The Data

A full specification of the data sources are given in Appendix 2. Here
we shall briefly discuss the problens which arise when our nodel is

faced with the data and the necessary adjustnents that these problens

inply.

The data required are given by the equatfons (5.18) and (5.22). W

need data on DPt | t Dy, and Vpt. As in the previous
. . Dpnt, Dyt, DPW .
chapter consideration is gi'ven to these different nmeasures of Vp
a d u t
Vpt, Vpt, and Vpt. Al these neasures are computed fromthe price
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series in the Swedish CPI. Here our first problemarises. In the
theoretical nodel, supply and demand Pprices were supposed to be the
sane. However , in practice, the supplier delivers goods to a
whol esal er, who in turn delivers to a retailer. In addition, there are
turnover taxes which further add to the suppliers' price. In sone
cases, prices are subsidised, so that consumer prices can be | ower
than producer prices. | have not found any practical solution to this

probl em

The effect of the difference between supply and demand prices can be
eval uated. W introduce the percentage markup Ait, Ait >1, so that the
supply price is pit , and the demand price (1+x it )p it. This changes the

solution for relative-price changes to

(5.24) Dpit-DPt = (-ai (DPt - EDPt )

g + pi (DPt-DPt) +

Ni(Dyt -DPt) + ei (DP,-DPW) + Gi (Dyt-DPW(] +

(ni+ei) Dit)

The term 1/g. (n+c ')DA'I is added to (5.18). Thus, estimating (5.18)
Lo i
instead of (5.24) ampunts to deleting the term above from the
estimation. This estinmation gives biased estinmates of the paraneters,

since (5.18) is a misspecification. For instance, the estimte of

(-a,/g.), the coefficient for (DPt-EDPt), will instead be equal to
it
-ai . tei cov((DPt-EDPt), DA t)
+ (L)
9; gi var ( (DPt - EDPt))

where the last termis the bias. Hence, if the independent variables
are uncorrelated with DA it in the sanple, we still obtain wunbiased

estimates of the paranmeters in the nodel.

As in the previous chapter, DP has been neasured as the annual change
t

in CPl and Dy f as the annual change in GNP in the Swedish National

Account s. Dyt, changes in foreign noney incone, has been measured as

annual changes in GNP for 12 OECD-countries , those countries which
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are the nost inportant trade partners for Sweden. In the measuremnent
f

of Dykt, exchange rates changes have been taken account of, so that

each GN\P-change has been adjusted by the appropriate change in the

exchange rates.

Each country's G\P-change has been wei ghted by itf share of inmports of

these 12 countries' total inports from Sweden. Dyt can be witten as

(5.25) Dyf = L k=1,....12

f
where M is the value of exports to country k at tinme t and Wkt is

t
the change in GNP in country k at tine t.

DPW has been constructed in a simlar way. In this case each
t

country's consuner price index has been weighted to give

M
(5.26) DPW= I [:%

k - it
JJ

DPV\{(t k=1,...,12

where DPWkt is the change in CPl of country k at time t.

This leaves us wth the input-price variable, Dp , changes in raw
m

material prices. me has been collected fromthe National Accounts as

the inplicit price index on raw material s.

In the enpirical estimation we will also include a constant term This

is consistent with the inclusion of a tine trend in the production

function, i.e. (5.3) is replaced by

(5.3') 4 =eblt la nb kil-a-b

and (5.13) by
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(5.13') log g =A +alog (PEP) + Slog (p/pm + bt

b't
where b=b' ¢, and c is a constant. e is usually included because of

| abour-saving technical progress. Ther ef ore, the inclusion of this
term shoul d take care of some of the long-run effects in the supply

function.

This conpletes the discussion of the data and we now go on to specify

the enpirical nodel and the econonetric nethods.

5.4 2 Hvootheses and Fcononetric Miels
The basic nodels to be tested are given by (5.18) and (5.22). Odinary
| east squares seens to be the efficient estimation nethod in these

cases, since both (5.18) and (5.22) are linear in the paraneters.

When a tinme trend is included in the production functions and the

supply functions are replaced by (5.13"), we obtain the additional
equati ons
(5.27) Dpit-DPt = (DL (DPt - EDPt )

oi + 0i (DPnt-DPt) +

Ni(Dyt-DPI) + ei(DPt-DPW) + ~i (Dy t-DPW) - hi)

and

(5.28) Vpt = K+ BO + B16(DPt-EDPt) B17(DPnt-DPt) +

B18(DYt-DPt) + B9 (DPL-DPW ] + B2U(Dyf-DPW) ,

where K is the right-hand side of (5.22) and the additional paraneters

and their expected signs are
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6? 6.ui
B =Ewi » >0, Bl6 =2Ewi 2% >0,

gi gl

B17=2 Ewi 121 < O, B18=2Ewi <+ <o,

gi gi
—5.51 "6,-‘1‘1
93 95

The equations (5.18), (5.22), (5.27) and (5.28), with stochastic terms
added to them form our regression equations. These equations are
peutral in the sense discussed at length in Chapter 2.

To test if the expected rate of inflation has a significant non-
peutral effect on relative-price changes, EDP t is added to (5.18) and
(5.27). EDP is measured as before, according to adaptive or
extrapol ative expectations, respectively. W then obtain a set of
equations (5.18"), (5.22'), (5.27') and (5.28') for the non-neutral

hypot hesis: (5.18)  changes to

(5.18') Dpit-DPt = |-ai (DPL-EDPt) 4 pi(Dp,,.DPL) +
gl

v (Dy%-DPt) + ei (DPL-DPW| + *i (Df-DPW)) +

Ei EDPt

and (5.27) changes to
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(5.27') Dpit-DPt = o (-g (DP -EDPt] + 9 (Dpnt-DPt) +
I

ui (Dyt.DPy) + ei (DPt-DPW ) + $i (Dy t-DPW|

-6i] + Ei EDPt

A PBriori. we know nothing about the sign of . For some goods it may
be negative and for others positive. Accordng to the discussion in
Chapter 3, we know that an increased rate of expected inflation would
increase relative price variability. However, for a certain tinme
period some relative prices would decrease while others would
increase, due to differences in price adjustnment costs, and there is
no nmethod Which enables us to discrimninate between these different

goods. Developing Vp for (5.18') and (5.27'), we obtain
t

(5.22') Vpt = K + B22EDP2 + B23EDPt (DPt-EDPt) +
B24EDPt (Dp  -DPt) + B25EDPt (Dyt-DPt) +

B26EDPt (DPt - DPW ) + B, EDPt (Dyt-DPW |

where Kis the right-hand side of (5.22) and the additional paraneters
and their expected signs are

E.

—£wi — . =alEL >
gy SEW 2 >0 B23=2£w ; 0
gi gi
SiE. > . olEL >
B2a = 2 £ w 2 <o B25=21MW 5 0,
gi gi
26 =2cw b 3 anamr=2zw EE 2

gi gi
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The only unanbiguous sign is for € , which is positive, while the
22

cross-term paraneters have no determ nate signs. Devel opi ng th for

(5.27') wll not be done here, since the nutuber of paraneters then

woul d be as many as our nurober of observations.

To estimate the nodels given by (5.18), (5.22), (5.27), (5.28),

(5.22') and (5.27"), a stochastic structure has to be inposed. The
model s are linear in the paraneters, so ordinary |least squares would
seem to be appropriate. A stochastic disturbance term ut is added to
(5.18), the equation for relative-price changes w thout an intercept.

This can be rationalised on the grounds that shocks to the supply and
demand functions are permanent, so that these shocks are2random wal ks.
Then ut is white noise with E(u)=0 and E(L;:)IO, where o is
positive and finite. A stochastic disturbance, v , is also added to
the right-hand side of (5.19). It then appearstthat thi s disturbance
show up on both sides of (5.18). Hence, OLS is not appropriate for
(5.18), since nmeasurenment errors in DPt woul d give rise to biased
estimates. Therefore, a regression of DP on the independent variabl es
in (5.19) was roade, and the predicted val ues of DP were used on the
left-hand side of (5.18) in the estimations 8) . Using t this procedure,
OLS can be applied to (5.18), (5.18'), (5.27) and (5.27").

Wth these assunptions, th changes to

VP = E wit(DPit-DPt)2 +i wit uit i=1,....n

The error termin (5.22) is then a sumof squared normally distributed
random vari abl es and hence nust be chi-square distributed. However,

from the Central Limt Theorem we know that the distribution of the
sum of n independent, 9identically distributed randomvariables is
asynptotically normal Hence, as n the error termEwi uit
approaches the shape of the normal density with positive and finite

mean and vari ance.

Hence, OLS is an appropriate estimation nmethod for the equations
(5.22), (5.22') and (5.28) if nis large. However, note that the
expectation of the error termis positive and not zero. The effect of
the error termbeing positive can be seen in considering the follow ng

sinple regression nodel. Suppose E(ut )=a'>0. Then we can wite the
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regressi on nodel as
yt=a+Oxt +ut +(a' -a' ) =(a+a' ) +tyxt +(ut-a")

* *
=a +th+ut
wher e
t: -a'
u wt a
and where

E(ut ) =E (ut-a |=a'" -a'=0

Hence, the effect of an error termwith a positive nean inplies a
change in the intercept. In our case, an intercept should be included
in the estimation, which should be positive, to account for the
expected positive mean of the residuals. Cbnsequently,(? is added to
(5.22) and (5.22').

However, the large-sanple properties of the error terns cast sone
doubts on the use of highly aggregated data and this mght explain the
better fit obtained for the disaggregated data in Vb?in the previous
chapter. The presence of a chi-squared distributed error may actually
explain the negative intercepts in Fischer (1981, 1982), who used 12
comodi ty groups and hence coul d expect small-sanple bias. Since n
va;ies bet ween 212 and 335 in Vp ; but is only 6 for tﬁg aggr egat ed
Vp and 44 for the constant-quality conmodity set in V? , it seens

t
appropriate to apply OLS on the di saggregated data

The estimations will proceed in two steps. First, we estimte equation
(5.22) and (5.22') by OLS. To see if the tine trend in the production
functions inproves the fit, we also estimate (5.28). Secondly, we
estimate (5.18), (5.18'), (5.27) and (5.27') with (Dp it, -DPt ) as the
dependent variables, equation by equation. Since the sane independent
vari abl es appear on the right-hand sides of these price equations, O.S

is an efficient estimation nethod

In addition to the neutrality hypothesis, we al so test whether

relative raw naterial prices, (Dp -DP ), or the influence from
nt t

f
foreign variables, (DPt-DPW ) and (Dyt-DPW ), significantly affect
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relative-price changes and the variability of relative price changes.
The likelihood ratio test is then applied, with the risk of some small

sanpl e bi as.

The likelihood ratio test says that twice the difference between the
logarithmc |ikelihood value for the nodel with n free paraneters and
the corresponding value for the nore restricted nodel with n-k free
paraneters is asynptotically chi-square distributed with k degrees of
freedom under the null hypothesis of the nore restricted nodel. In
addition to the likeliho;6|ratio test, we also apply the F-test on the

sum of squared residuals

5 4 3 Sone Fcononetric Problens

The regression equations given by (5.22) and (5.27) give rise to sone

econonmetric problems. As seen in (5.22) we could expect some of the

i ndependent variables to be highly correlated. |t is even nore
apparent in (5.28), where, e.g., both unexpected inflation and squared
unexpected inflation are included as independent vari abl es. Therefore

we expect the nmulticollinearity problemto arise here.

Since there is no perfect collinearity between the independent
variables it is possible to obtain the | east squares estimtes of the
paraneters. However, the interpretation of the single paranmeters will
prove difficult, in the presence of multicollinearity, since the
ceteris Paribus interpretation of the parameters is no |onger valid.
In general, the presence of nulticollinearity tends to produce |arge
estimated variables of the regression coefficients, while the overall
significance of the regression is not affected. O course, the
presence of multicollinearity mght induce the researcher to drop sone
truly significant variables and hence inpose a nisspecified nodel wth

bi ased esti mates.

In  our problem however, we are not primarily interested in the val ue
of single paraneters. The significance of the follow ng variables are
tested:
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(1) raw material prices,
(2) foreign variables and

(3) expected inflation.

In the first case, five variables are excluded while in the second
case seven variables are dropped fromthe nodel (5.22). Hence, if the
correlation between the omtted and the remmining variables are | ow,

the nulticollinearity problemdoes not give rise to any problems in
our hypothesis tests. In fact, this is likely to be the case here,

since what is excluded here, is one variable, e.g. relative raw
material prices, along wth some cross-termvariables which include
raw material prices. This is particularly obvious when we use the
model  (5.28), which includes a constant term since then the nodel

includes certain variables and the square of them and amobng these

correlation is high.

The treatment of serial correlation is carried out in the same way as
in the previous chapter. We test for first-order autocorrelation and
rej ect the  hypothesis of no autocorrelation if g>0.6 and is
statistically significant at the 5 %1 evel of significance. In that
case AR(1) is a better choice than the OLS error process, eVen if the

true error process is of higher order.

Wth these prelimnary qualifications we now turn to the estimations
and the enpirical results.

5. 5 The Fnpirical Results

In this section we present the main results of the regression analysis
and the tests of the hypotheses. The regression equations are given by
(5.18), (5.22), (5.27) and (5.28). In the test for non-neutrality we
include EDPt and get the additional equations (5.18'), (5.22') and
(5.27").
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5.5.1 Relative-Price.Variabilit

First we consider the regressions with Vpuas t he dependent vari abl e,
based on (5.22) and (5.28). The test will be a 'ofint Lest, since we
al so test the hypotheses on the formation of expectations, as given by
(4.7), extrapol ative expectations, and (4.8), adaptivea expeectationu.
Since we also have three different neasures of Vp : th, th and Vp ¢

the nutuber of possible regression equations is quite large.

The regression results ars here presented for the use of Vpu, the
unwei ghted variability neasure, and EDPE, expected inflati (;n with
extrapol ati ve expectations. It should be ntoted that the main results
did not change when Vpa and Vpd were wused or when adaptive
expectations were assuned. However, the overall fit of the equations
was better, as in Chapter 4, when thu was used as the dependent

vari abl e and when extrapol ati ve expectations were assuned.

Table 5.1 presents the results fromthe regression with (5.22).
Li kelihood ratio tests are carried out for the overall significance of

the nodel and for the hypotheses, put forward above.

Hence, the likelihood ratio test is applied to the nodel (5.22) and
the restricted hypothesis that all the 15 paraneters equal zero. The
test is nade by taking twice the difference between the |og of the
likelihood 2 function of the nodel (5.22), and of Vpu constant. The
resulting X (15)=39.5 is conpared to the critical val lt.le of 30.58 at
the 1 °+. level of significance. Hence, the nodel (5.22) is not rejected

by the data.

An alternative test to the likelihood ratio test is the F-test on R2
The F-ratio is 14.27 and the critical value at the 1 % significance
level is 3.82. Hence, the hypothesis that all paraneters in (5.22),

except the constant, is zero, is rejected by our data.

As can be seen in Table 5.1, there are few coefficients that are
significant at the 5t level of significance (with a critical value
for a two-sided test of the t-distribution = 2 145) according to the
t-val ues given in the parentheses. The nodel is by itself not rejected
by the Jlikelihood ratio test. The large estimted standard errors of
the estimated coefficients mght be dus to nulticollinearity, i.e. to

the relativsly high torrelation between the independent vari abl es.
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Table 5.1.Regression . equation . pased .on.(5.22). Dependent...
variable iszt The expected sign of each coefficient is
is given. t-values are reported in parentheses. The equation

is corrected for first-order autocorrelation with g = .91.

Independent ............ Expected sign . . . .« Coefficient+ ...
variables of coefficient estimates
Constant B> 0 . 00541
(4.98)
(DPt-EDP,) 2 B1 > O 1.440
(1.97)
( DPmt DPt)2 B2>0 1.310
(2.40)
(Dyd-DPt) 2 53 >0 -.750
(-1.38)
(DP,-DPW t)2 B4 > 0O -5.369
(-2.49)
(DY t-DPW,) 2 B5 > O . 627
(1.71)
(DPt -EDPt) B.<O -1.884
(DPmt DPt) 6 (-1.13)
(DPt -EDP ) (DYd-DPt) B7<0 4.018
(2.98)
( DP,-EDP,)(DP,-DPW,) B$< O 5.115
(2.49)
(DPt -EDPt) (DY t-DPWt ) B9 <O -5.147
(-3.22)
( Dint - DPt)(DYa-DpP,) B10> O . 790
(93)
t) 5.206
(DPmt DPt) (DPt DPW B11 <0 (1.90)
(pPmt DPY) (DYt-DPW,) B12> O . 559
.79
(Dy ~DPt ) (DPt DPW,) B13 < O 1606
(.65)
(DY dDp,)(DYt-DPW,) -.526
B14 >0 (-.68)
(Dpt DPW,)(DYt DPW t) B15 < O 2.144
(1.27)

L og of likelihood function = 152.53

Standard error of the regression = .00181903
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W nowturn to the tests of our hypotheses. The further hypothesis is
that expected inflation also affects relative price variability. In
addi tion, we also test the significance of relative raw material
prices and the foreign variables. Note that the tests here are nade as
it (5.22") could be treated as a mmintai ned hypothesis. That presents
no problems, since if HO :(5.22) and H1:(5.22'), HO is rejected by our
data. Again, we apply the likelihood ratio test and the results are
presented in Table 5.5. As can be seen, all the restricted hypotheses
are rejected, i.e., expected inflation, relative raw nmaterial prices
and the foreign variables are all significant at the 1 : level of
significance of the X -distribution. In Tables 5.2 and 5.3 we present
the regressions where raw material prices and the foreign variabl es
have been dropped, respectively, while Table 5.4 gives the results
when EDP has been added to the nodel. Again, a limted nunber of
vari abl e; are significant in the regressions. Note however, that in
the regression with EDP added to the nodel, both unexpected and
expected inflation is significant at the 5 : level of the t-

di stribution.

The regression results are presented in Table 5.6. The introduction of
a time trend in the production function significantly inproves the
fit. The likelihood ratio statistic is x =74.30, which is larger than
the critical value of 14.45 at the 2.5 %significance level. Both
relative raw material prices and the foreign variables inprove the fit
of the nmodel, which is shown by the likelihood ratio tests in Table
5.7. Hence, if we accept the nmodel (5.28), with a constant in the
supply function, as a nmaintained hypothesis, we nust reject the
hypothesis that neither relative raw material nor the foreign
variables do not affect relative-price variability. The application of

F-tests gives simlar results at the 5 %1l evel of the F-distribution.
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Tabl e . 5. 2. . Regressi on, equation. based on. (5.22") but with
raw material prices excluded. The dependent variable is

Vpt. The expected signs of each coefficient are given.

t-values are reported in parentheses. The equation is

corrected for first-order autocorrelation with g = .86.
I ndependent Expected sign Esti mat ed
vari abl es of coefficient coefficients
O T 60.2.1.1 ...............
(.69)
(Dpt-EDPt)2 Bl >0 1.722
(3.34)
(Dy-DPt)2 B3 >0 -.134
(-.22)
(DPI—DF"\/\(2 B4 >0 1.139
(.44)
(Dyt DPW |2 B5 > 0 -. 274
[-.90)
(DPt EDPt (Dy a-DPt| B, <0 -2.665
(-1.68)
(DPt-ED t)(DPt DPW| B8 <0 -1.358
[-.55)
(DPt-EDt)(Dyf DPW | B9 < 0 1.079
(. 90)
[ DY' - DPt ) (DPt - DPVY | B13 < 0 190
(.07)
(oyd-DPt)(Dyf-DPW |  Bio > 0 974
(1.39)
[DPt -DPWt)(DYt-DPW) B15 < O 085
(.07)
2
EDPt B22 > 0 1.149
(1.94)
EDPt ( DPt EDPY | 823 >0 2.522
(2.87)
EDPt [Dyt - DPt) B25> 0 -.287
[-.257)
EDPt ( DPt DPwt ) B26> 0 -.257
(-.16)
EDP t( Dyt - DPW) B27~ 0 -.248
(-.41)

Log of 'likelihood function = 147.34 X
Standard error of the regression = .0021943

R%= 0.454




Tabl e. 5. 3. . Regressi on equation.based. on. (5.22') .with.the ..
foreign variabl es excl uded. Dependent variable is Vpt.
The expected signs of each coefficient are given. t-values

are reported in parentheses. The equation is corrected

for first-order autocorrelation with p = .94.
I ndependent . ............ Expected. sign...... Est.i.mated........
vari abl es of coefficient coefficient
nt 00336
(1.02)
2
(DPt-EDPt) B1 >0 1. 650
(5.75)
(D B2 > 0 -.271
pnt DPt] 2 (-1.49)
(Dyd-DPt ) 2 By 0 141
(-49)
(Dpt -EDP t) (DPnt DPt) B6 < 0 -.868
(-1.87)
| DPt - EDRt ) ( DY- DPt ) B7 < 0 -1.591
(-4.17)
(DP £DPt ) ( Dyt- DPt) B 10> 0 -1.575
[-2.32)
EDP2 B22> 0 671
(3.55)
EDP t| DPt EDPt | B23> 0 2.479
(5.32)
EDP t ( Dpnt DPt) B 24< 0 1.450
> (4.76)
EDR (DYdd- DPt | 0 287
B25-:7 (.84)

Log of likelihood function = 153.62
Standard error of the regression = .00148255

R 2= 0.745



Table 5.4. Regression. equation based .on.(5.22"). Dependent
variable is Vpt. The expected signs of each coefficient are

given. t-values are reported in parentheses. The equation

is corrected for first-order autocorrelation with p = .99.
Independent o Expecfed sign Estimated
variables of coefficient coefficient
Constant 0051q
(.83)
(DPt EDPt) 2 g1 >0 2.692
(5.482)
DPritDPL) 2 B2 >0 -070
( it ) (21
(DYaDPt) B3 >0 -.161
(--26)
(DPtDPWT) 2 8, >0 . 116
(.06)
(DY f-DPW B5>0 -.365
(-1.84)
(DPt EDPY) 3 6<0 -1.068
(D PmMtDPt) Ci1s9)
( DPtEDPL)(DydDP,) B7<0 -3.072
(-2.23)
(DPtEDPt )(DPt DPWt) 88< 0 -3.437
(-1.51)
(DPtEDPt )(Dyt-DPW t) B9< 0 .358
(.19)
(UPrnt DPt)(DYt DPt s -1.388
10 >0 (~1.089)
922
Pmt DPt)(DPt DPWU). K
(D 811< O. (1.92)
DPmt DPt)(DY f-DPWt) -.646
( B12>0 -.65)
(Dy2-DPt (DPt - DPWt 1.690
813<0 76
(DY t DPt (DY t-DPW t) B14>0 097
(.15)
iopt DF’W)(DytDvat B15< 0 1.588
(1.45)
(EDP) 2 B >0 . 233
t 22 (.45)
EDPt(DP-EDPt) B 5 3.236
23>0 (5.39)
EDPt(Dpnt DPt) B24> 0 2.146
(5.00)
EDPt(D t-DPt) -.572
B25> 0 (-.58)
EDPt (DP tDPWt) B26~ 0O -2.136
(-2.10)
EDPt (DYf-DPWt) B 27s 0 . 781
(1.93)

of likelibood function = 179.97

Standard error of the regression = .00092954
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Table 5.5. Likelihood ratio tests. The tests are nmade at

the 2.5 % significance |evel.

These are the 1og |ikelihood values of the different nodels:

(5.22) 152. 53
(5.22") 179. 97

(5.22") excl. Dpnt 147. 34
(5.22") excl. the foreign variables 153. 62

(i) Test of me

2 x (179.97-147.34) = 65.26

) => raw material prices accepted
X (6) = 14.45

(ii) Test of foreign variables.

2 x (179.97-153.62) = 52.70

) => foreign variables accepted
X (11) = 21.92

(iii) Test of EDPt

2 x (179.97-152.53) = 54.88

) => expected inflation accepted
X (6) = 14.45
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Table  5.6. 'Regression. equation . based on (5.28). Dependent

variable is Vpt The expected sign of each coefficient is

given. t-values are rePorted in parentheses. The equation

is corrected for first-order autocorrelation with g = .95.

Independent
variables

Constant ... ...
(DPt-EDPt)

OpPmtppt

(D t-DPt)

(DRt -DPW t)

(DytDP\Nt)
(DPtEDPt)2
(Opmtopt)2

o opyy?
(DPDPW t) 2
(DytDPW't)2

(DPt EDPY)(Dpmt DPY)
(DPtEDPt)(DYd-DPt)
(DPtEDPt)(DPtDPW t)
(Dpt -EDPt)(Dyt-DPW t)
(DPmtDPt) (D t-DPt)
(DPmt DPt) (OPtDPW1t
(Pt pet) (O DPWE]|
(DY d-DPE )(DPt DPW<)
(oY d-DPt)(Dyt-DF’\NI:]

(DPt DPWt)(Dpt DPW)

Log of likelihood function = 175.54

Expected sign Estimated
of coefficient coefficient
p>p
.8 AP
(1.628)
816>0 . 145
(1.991)
<0 . 150
817 (2.729)
al8< 0 -.126
(-.872)
B19>0 -.010
(-.066)
B20<0 .036
(1.175
al>0 1.354
(4.080)
82>0 1.045
(2.621)
B3>0 1.032
(.589)
B4> 0 -2.633
(-1.351)
B5 >0 .032
(.109)
B6<0 -1.676
(-1.311)
B7 <O -.286
(--139)
B8 <O 2.175
(1.060)
B 9 < (0] -3.462
(-1.567)
B10>0 -4.732
(-2.161)
B11 <0 2.647
(.846)
812 >0 1.340
(1.871)
B13<0 -.077
(-.018)
B14 =0 -473
(--484)
B15 <0 2.163
(2.361)

Standard error of the regression = .0018326
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Table 5.7. |jkelihood ratio tests. The tests are made at

the 2.5 % significance |evel.

These are the log |ikelihood values of the different nodels:

(5.22) 138. 39
(5.28) 175.54
(5.28) excl. Dpnt 145. 95

(5.28) excl. foreign variables 151. 67

(i) Test of trend termin production functions.

2 x (175.54-138.39) = 74.30
) => trend termis accepted
X (6) = 14.45

(ii) Test of Dpnt-

2 x (175.54-145.95) = 59.18
) => raw nmaterial prices are accepted
X (6) = 14.45

(iii) Test of the foreign variables.

2 x (175.54-151.67) = 47.74

. => the foreign variables are accepted
X (11) = 21.92

....................................................
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In conclusion, the enpirical analysis of the nodels of relative-price
variability, given by (5.22) and (5.28), provide support for the
nodel. The neutral nodel is <clearly a msspecification, since the
expected rate of inflation significantly affects VSJ . I'n addition,
according to our data, the further devel opnent of the nodel in Parks
(1978), through the inclusion of relative raw material prices and sone

foreign variables, significantly inproves the nodel.

The effect on Vp of an increase in any of the independent variables
cannot be seen di rtectly fromthe estimated coefficients. In fact, if
we take the partial derivatives of Vp with respect to any of the
i ndependent variables in (5.22"), these ptarti al derivatives are not

unanbi guous but involve inner derivatives, such as

9 DPW
B 15 DPW
U 8(Dyt-DPW)

whi ch depend on whether it is Dy tf or DPWt which changes. However, we
can conpute the additional effect on Vp 't fromincluding the non-
neutral property through EDP . This can be done by taking the partial

derivative of the differencé between (5.22') and (5.22), with respect
to EDPt. Let

A Vpt = B22EDP2 + B23EDPt (DPt-EDPt) + B24EDPt (Dpnt-DPt) +

B25 EDPt (Dyt-DPt ) + B26EDPt (DPt - DPW ) + B27EDPt(Dyt-DPW).

The el asticity of thwith respect to EDP tcan then be conputed as
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apVp EDP

(5. 26) =(2 B22EDPt + B23(DPt-EDPt) +

DEDPt Vpt t

B24(Dpnt-DPt) + B25(Dyt-DPt) +

VBt

t

B26 (DPt - DPW | + B27(Dyt-DPW))/

whi ch shows the sensitivity over tine of the variability of relative-
price changes to changes in the expected rate of inflation. This
measure of sensitivity is shown for the sanple period in Figure 5.1.
As can be seen, the sensitivity of Vpt to changes in the expected rate
of inflation varies considerably over tinme. Particularly in the
seventies, the increased expected rate of inflation has increased the
variability of relative-price changes. Moreover, the variability of
this sensitivity has also increased. A possible interpretation of this
result could be in terns of adjustnment costs. If the timng of pricing
decisions of firns is independent, then an increase in the variability
of price adjustnment costs would inply this finding. The devel opnment

during the sanple period, with sales via supernmarkets and via mail -

order catal ogues, indicates that the variability of the costs of price
adj ust nents mi ght have increased. Wether that actually has been the

case is, of course, an enpirical question

The enpirical evidence found in testing the nodel for the variability
of relative-price changes gives strong support for the hypotheses put

forward. The non-neutral effects fromchanges in the expected rate of

inflation on this variability is statistically significant and the
variability has becone nore sensitive to such changes during the
seventies. The nodel used here has explicitly considered an open
econony and has incorporated the effects of changes in relative raw
material prices. Both the foreign variables and, in particular, raw
material prices, have significantly affected the variability of

rel ative-price changes. The latter findings indicate that previous
enpiri cal nmodel s in this field have been msspecified, whi ch

particularly could be suspected in the case of raw material prices



Fi gure 5. 1.
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5.5.2 Rel ative-price Chanaes

As noted before, the large nunber of independent variables in our
earlier regression equations probably introduced nulticollinearity. A
possible solution to this problemis to use the sanme basic nodels as
before, but to examne instead the effects on relative-price changes.
The same basic hypotheses can then be tested in an alternative way,
Le., the basic neutral model is forrmulated for relative-price changes
on different commpdities and a test is nade of the hypothesis of nan-
peutral effects fromthe expected rate of inflation on relative-price

changes.

The basic neutral nodels now are given by (5.18) and (5.27) and the
non-neutral nodels by (5.18') and (5.27'). (5.18) and (5.18') refer to
the short-run supply functions and (5.27) and (5.27') to the long-run

supply functions.

For the purpose of these estimations, we use the 44 constant-quality
commodities. They are listed in Appendix 4. The procedure is then to
apply OLS on each equation separately, on the assunption that the
equations are independent. This makes it possible to exam ne which
comodities are significantly affected by the expected rate of
inflation, through inspection of the estinmted t-values. The sane
analysis is nade for changes in raw material prices and for the
foreign variables. Note here that DPt on the left-hand sides of the

equations is the prediction fromthe regression based on (5.19).

A constant is now added to the nodel (5.27), since we, in the
u

regressions wth VWt as the dependent wvariable, found that the

included constant, in (5.28), was significant. Note that this constant

stems fromthe tine trend in the production function of the firm

The results for the E nodel (5.27"), i.e. the 44 relative-price
equations including EDPt as an independent variable, are presented in
Table 5.9. As before, the error process has been chosen according to
the rule in Engle (1974). Only in one case, in equation 11, was AR(1)

chosen.
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Note that the relative-price changes do not sumto zero in this case

since we study a sub-group of constant-quality comodities

As seen in Table 5.9, only 9 of the 44 equations were accepted by the
F-tests at the 5 ‘s level on the null hypothesis of all coefficients
being zero. Another 4 equations are accepted at slightly higher
significance |evels. In general, these regression results seemto be
rather poor. For nost of the equations, excluded variables account for
the wvariance in relative-price changes. In previous enpirical work
with price equations, it is usually the noninal prices which have been
used as the dependent variables. As some experinments have shown, also
in this nodel it turns out that nom nal price changes are better
expl ai ned. These results have a correspondence in the testing of
dermand systens, where it is nrmally nmuch easier to explain quantities

consuned than budget shares

Applying t-tests to the estimated coefficients at the 5 %level, we
find that the constant is significant in 2 equations, unexpected
inflation in 9 equations, changes in relative raw material prices in 3
equations, changes in donestic real income in 2 equations, deviations
from PPP in 3 equation, changes in foreign real income in 2 equations

and expected inflation in 6 equations

In general, the supply vari ables seemto be nore inportant for
relative-price changes than the denand variables. In 20 cases, the
supply variables are significant, whereas the demand variables are

only significant in 7 cases

According to the analysis in Chapter 3 we woul d expect EDP to affect
customer goods, but not auction goods. EDP significantly affects
relative-price changes in equations 14, 165 17, 20, 22, and 23. The
commodities are Salt, Pants, Socks, Childrens boots, Table and Peg
chairs, respectively. Except for Salt, these goods could be
characterised as custonmer goods and thus the findings in this respect

are consistent with Okun's theory of different price responses for

diversified types of nmarkets



Table 5.9. Relative-price change equati ons,

where DPt

R2 is the nultiple correlation coefficient adjusted for degrees of freedom The critical
the F-distribution at the 5 9 |evel
val ue of the t-distribution at the 5 8 |evel

Commodi ty i ndependent vari abl er
| DPt - EDPt)

no.

10

11

12

13

14

15

16

17

18

19

20

1951-1979. Dependent variables are (Dpit -DPt|

87

but

on the left-hand side of each equation has been predicted fromregressions based on (5.19).

Const ant

-. 009
(-1. 80)

-. 044
[-.85)

.008
(.21)
-. 046
[-.85)
-.014
|*.16)
.011

(.18)

-.017
[-.33)

-.080
(-1.19)

146
(.84)

140
(.52)

-. 207
(-1.70)

002
(.02)

L 112
(1.01)

-. 060
(-1.48)

-.027
(-1.27)
-. 065
(-2.78)

-. 069
(-2.56)

017
(.38)

-.025
(--70)

-. 050
(-1.13)

-.40
(11.07)

881
(2.24)

-, 011
(1.04)

698
(1.64)

(Dpnt DPt |

-.891
(-3.00)

-.564
(-1.92)

-. 404
(+1.72)
-.386
(-1.15)
304
(.55)

-.227
(--60)

-.054
[-.17)

-.017
(- 04)

1.198
(1.11)

-.188
(-.11)

-1.928
[-2.45)

-.180
(-1.07)

. 289
(1.05)

. 176
(.78)

295
(1.08)

is F(6,22) = 2.55.

| Dyt-DPt)

1.049
(1. 64)

659
(1.01)

1194
(.39

-.109
[-715)

174

[ 15)
-. 367
(--45)

1387
(.59

2.179
(2.44)

-1.101
(-.48)

-2.222
(-.63)
-.146
(- 09)

-.964
(-.88)

-1.584
(-1.08)

-.068
(-.13)

575
(2.05)

414
(1.34)

366
(1.02)

-.098
(--17)
. 672

[ 1.40)

.609
(1.05)

(DPt - DPW |

-. 085
[-.08)

-1.125
(-1.14)

-.701
(-.92)

-1.896
(-1.73)

1.763
(-99)

-.511
(--42)
-.848
(-.85)
3,758
(2.76)

-2.256
(-.65)

-4.348
(-.81)
-5.135
(-1.69)
-.568
(-.39)
-1.283
(-.57)
-.796
(-.98)

. 428
[1.00)

-.693
(-1.48)

-.549
(-1.01)

015
[ 02)

-.430
[-.59)

-.163
(--18)

[Dy t-DPW)

299
(.84)

.179
(. 68)

164
(.62)

263
(. 69)

117
[ 19)

. 344
(.80)

283
(.81)

-. 060
(-.13)
-.388
(-.32)

716
(-38)

3. 800
[3.39)

290
(.50)

. 245
(-32)

140
(-49)

-.011
(-.07)
-. 042
(-.26)
.090
(.48)

001
(.01

-.231
(-.91)

-. 208
(-.68)

t-values are in parentheses.
for a two-tailed test is t(22) = 2.074.

EDPt
620
1.33)

351
(1)

.001
(.00)

720
(1.33)

-.350
(-.40)
-.350

(-.06)

. 383
(.77)

. 325
(.48)

-1.069
[-.62)

-1.080
(- 40)
1. 206
(1.07)
206
1.25)
-. 869
(-.78)
1.150
(2.86)

-.214
(-1.01)

1. 056
(4.55)

673
(2.50)

-.348
(-.79)
. 308
(.85)

927
(2.11)

R2

. 213

. 260

-. 067

156

-. 097

-.186

-.104

-.077

-.218

291

-.105

-.121

. 259

. 269

. 648

.210

050

384

. 436

val ue of
The critical

F(6, 22)

2.260
2.636
. 706
1.861
. 588
. 269
562
2.357
. 667
165
2.385
. 556
. 496
2.634
2.718
9. 604
2.239
1.248
3.909

4.602

Error
process

as
as
as
as
aLs
OoLS
as
aLs
OoLS

as

OoLS
oLs
oLs
OoLS
oLs

oLs



Table 5.9

Conmodi ty

no.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
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conti nued

| ndependent vari abl es

Const ant

-.017
[ -.46)

-.047

(-1.41)

-.011
(--38)

. 051
(1.21)

028
(.25)

-.013
(-.21)

-.014
(-.35)

-.029
(-.49)

-.015
(-.40)

-.025
(--68)

-.024
(--43)

-.073
[-1.20)

-.036
(--60)

-.012
(--21)

067
(1.25)

026
(.53)

. 037
(.70)

.010
27)

-.013
(--23)

044
97)

-.020
--43)

-.082
(--90)

010
(-29)

. 025
(1.14)

| DPt - EDPE)

. 995
(3.41)

. 156
(. 60)

.083
(.35)

-.238
(-.71)

-1.180
(-1.35)

-.120
(--26)

-.537
(-1.77)

133
(.28)

. 476
[1.60)

794
(2.76)

524
[1.18)

042
(.09)

569
(1.22)

1.211
(2.71)

-.748
(-1.80)

-.546
(-1.39)

165
(-39

408
(1.44)

1136
(.30)

461
(1.30)

173
(.46)

. 294
(.41)

-.350
(-1.35)

-1.026
(5.97)

(D

ot -DP 1 |

011
[ .05)

-.088
(-.43)

-.333
[-1.78)

-. 065
[-.25)

-.010
(--01)

-.251
(-.69)
-.310
(-1.29)
.. 124
(-33)

-.083
(-.35)

. 299
(1.31)
- 139
(.40)
-.622
[-1.66)

364
(.98)

. 100
(-28)

261
(.79)
743
(2.39)
225
(.68)

085
[ 38)

. 417
[1.15)

304
(1.08)

064
(22

. 010
(.02

119
(--58)

091
[.67)

Dy d-DPt)

431
(.87)

-.220
[-.50)

-.236
[-.59)

-.906
[-1.61)

-.595
(--40)

-.301
(--39)

-.376
(--73)

527
(.66)

408
(.81)

457
[ 94

566
(.75)

954
[1.19)

-. 149
[-.19)

144
(.19)

-1.276
[-1.81)

-.348
[-.52)

. 244
(.35)

. 489
[1.02)

1. 050
[1.36)

.243
(.41

874
[1.38)

1. 433
[1.18)

364
(83)

.126
(.43)

[DPt - DPW |

-.637
(-.85)

-.637
[-.94)

-.975
(1.61)

-.512
(-.60)

-2.500
(-1.11)

1.117
(.99

-1.110
(-1.42)

824
(.68

1. 029
(1.34)

1.558
(2.11)

712
(.62)

-.668
[-.55)

. 343
(.29)

207
(. 18)

-.801
(-.75)

2.344
(2.32)

747
(.69

585
(.80)

1.037
(.88)

708
(.78)

.914
(. 99)

1. 155
(.62)

1.017
(1.53)

613
(1.38)

(Dy t-DPW |

-.057
[-.22y

223
(.95)

. 159
75)

-.290
[-.97)

285
(.36)

-.011
(--03)

. 162
(.59

-.079
(-.19)

-.257
(-.96)

-.316
[-1.23)

-.102
(-.26)

329
[.77)

-.361
[-.86)

-. 265
(- 66)

-. 403
[-1.08)

-.730
[-2.08)

-.168
a9

078
(.31)

-.533
(-1.30)

-.248
[-.78)

-. 054
(-.16)

-.011
(-.02)

-.169
[-.73)

-.037
(-.24)

EDP E

523
(1. 40)

717
(2.14)
645
(2.14)

-.199
(--47)

.626
(.56)

160
27)

016
(:04)

039
(.06)

512
[1.35)

592
(1.61)

-.026
[-.05)

1.161
[1.92)

754
(1.27)

. 038
(.07)

-.364
[-.68)

-.231
(- 48)

. 003
(on

. 037
(-10)

. 487
(.83)

-.302
(-.67)

.113
(.24)

. 730
(.79)

-.209
[-.63)

-.344
[-1.57)

2

R

369

077

. 157

-.062

-.062

010

-. 060

-.204

- 047

- 160

-.161

-.002

-.010

.158

. 055

. 252

-.235

-.108

008

-.077

-.151

-.189

. 096

- 656

F(6, 22)

3.733

1.388

1.871

729

728

1. 045

738

210

1.232

1.889

354

991

955

1.875

1.271

2.573

112

. 547

1. 040

. 667

388

. 258

1.497

9. 905

Error
process

as

as

as

OoLs

OoLs

oLsS

OoLs

oLs

oLs

oLS

OoLs

oLsS

OoLs

OoLs

oLsS

OoLs

OoLs

oLsS

OoLs

OoLs

oLsS

OoLs

OoLs
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The demand Vvariables are significant in equations 8, 11, 15, 30, and

36. The commodities are Salted herrings, Apples, Gentleman's suits,
Cof fee-cups, and Razor bl ades, respectively. Salted herrings, Apples
and Razor bl ades are relatively honbgenous commodities and hence, for

these, demand shoul d influence prices even in the short run.

The experted rate of inflation 1is significant Efor 6 of the 44
commodities. To test the overall significance of EDP the likelihood
ratio test can be applied to minus tuvice the sumof the difference
between the log likelihood values of the 44 comodities, whichis X-
distributed with 44 degrees of freedom x (44)= 86.2 against the
critical value at the 1 °e |level of approximtely 68.8. Therefore, the

restricted nodel (5.27) is rejected by our data.

To sum up the enpirieal evidence, the hypothesised nodels have not
been rejected by our data. There are sonve differences when the nodel s
are applied to relative-price change variability and to relative-price
changes. In the former case, the exclusion of the foreign variables,
(DP -DPW) and (Dy -DPW), was rejected by our data. In the latter
casé, hO\t/vever, t he fttJrei gn variables were insignificant in 40 of the
44 price equations. Whereas changes in relative raw material prices
were significant for relative-price change variability, as shown in
the previous section, it was only significant in 3 of the 44 rel ative-
price change equations. These are the mmjor differences between the
two cases. Both rel ative-price change variability and relative-price
changes are significantly affected by wunexpected and experted
inflation and by changes in relative raw naterial prices. It appears
as if the specification of the regression equations are inportant for
the regression results. However, the relatively poor results in the
regressions with relative-price changes did not change the main

results of the hypothesis tests.

The inclusion of relative raw material prices in the nmodel is a mgjor
improvenent. In earlier nodels of relative-price change variability,
raw material prices have not been included, which by our data is
interpreted as a m sspecification. They play a major role in the
expl anation of relative-price change variability and of relative-price

changes.
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Furt hernore, the experted rate of inflation exerts a strong non-
neutral influence here. This is inline with earlier results of
Fi scher (1981a,1982) for the United States and West Gernany, but in
contradiction with the findings by Blejer and Leidernman (1982) for

Mexi co

Some qualifications to our results require to be nmade, the first of
which is of a theoretical nature. The basic neutral nodel which has

been used here is very sinple. It assunes conpetitive narkets and

enbodi es a very sinple characterisation of the | abour market. In
addi tion, it is a static nodel and involves no dynami c rel ati onships
Nevertheless, it fits our data quite well. Although it is preferrable

to keep things as sinple as possible, it is ny belief that a dynamc

nodel woul d have been an inprovenent

In addition, the non-neutral elenent of the influence of experted
inflation on relative-price changes have been added to our neutra
nodel ad hor . It would have been better to explicitly introduce those
non-neutral elenents, e.g. by an explicit nodeling of price adjustnent
costs. In our case there was no sinple way in which this could have

been done

The second qualification is of an enpirical nature. Since the nultiple
correlation coefficients are below unity, there remai ns some
unexpl ained variance in relative-price change wvariability and in
rel ative-price changes. For sone commodities our nodels fit quite
well, but for others quite badly. The inprovenent of the nodel of
course should take place at the theoretical | evel , but nor e
conplicated nmodels <could have serious enpirical consequenses. For
i nstance, the nodel (5.28) could have been nmade nore conplicated at
the theoretical |evel, but would then have been inpossible to estinmate
in the statistical sense, since the nurober of paranmeters would have

exceeded the avail abl e nunber of observations

A third inportant qualification concerns the causality between the
variables in the nodel. In the enpirical estimations the independent
vari abl es were considered to be exogenous. This assunption is
justified at the theoretical level. For instance, it is assuned that
the input prices are taken as given by the representative conpetitive

firm
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In the nmodels here, as well as in other nodels, the expected rate of

inflation has been included as an independent variable in the
regression equations. The rate of inflation could be considered
exogenous to the firm but in general it is an endogenous vari abl e,

determined by other econonmic variables. Fromthe analysis in Chapter
3, it is also clear that the causality between Vp and DP is far from
obvi ous. Feedback from Vp to DPti s possi ble and thence tr}e exogeneity

t
assunption woul d be vi ol at ed.

The question of dynamics and causality will therefore be dealt with in

the next chapter.
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6 RELATIVE-PRICE VARIABI LI TY AND | NFLATION I N A MACROECONOMVETRI C
MODEL: TESTS OF CAUSALITY

6.1 Introduction

The question of the causality between relative-price change
variability and inflation was raised earlier, e.g. by Vining and
El wert owski (1976). In Chapter 2, following cCukierman (1979) and
Cuki erman and Wachtel (1979), it was made clear that in the Lucas
nodel , the variance of relative-price changes and the variance of the
general price level, both noved in the sane direction over tine,
because of changes in the variance of demand shocks. Likewise, in the
Scandi navi an nodel of wage and price formation, the variability of
I'abour productivity caused the variability of relative-price changes
and the rate of inflation to nove in the same direction. In cases |ike
these the question of causality is ambiguous, since both th and DPt

are endogenous vari abl es.

In this chapter we shall use a vector autoregression (VAR) to study
the dynamic response in certain variables to shocks in different
variables. W shall also apply the Wener-Ganger notion of causality
to test the causal order between Vp and DP . The nodel is set up on
the presunption that the nodel in tﬁe previ (gus chapter can be treated

as a maintai ned hypot hesis.

Vector autoregressions have been proposed as an alternative to |arge-
scale macroecononmetric nodel s by Sins (1980) and Litterman
(1980,1982).  Fischer (1982) used a VAR to study the behaviour of Vp t
Ashl ey (1981) used the Wener-Ganger causality con ept in a bivariate
nodel to test the causal order between VFtJ and DPt

According to Sims' critique of conventional macroecononetric nodels,
these are -based on arbitrary identifying restrictions. Exogenous
variables are defined on a_ariori grounds and because of the conpl ex
structural relationships involved in econom ¢ nodels, statistical

i nference based on these nodel s is.hazardous.
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Sins' alternative is to fit a VAR where all variables are endogenous,
in order to avoid the arbitrary identifying restrictions. In a VAR
each variable 1is regressed on all variables |agged. Hence, |agged

vari abl es are consi dered exogenous.

The econonist's problemthen mainly reduces to the choice of the
relevant variables to include in the nodel. However, as will be seen
in the foll ow ng, there are problens with howto interpret the
enpirical results, and with howto relate themto "structural"”
interpretations. In fact, further restrictions will have to be inposed

to nmake sensible interpretations possible

The notives for using a VAR here are twofold. In the first place, we
introduce dynamcs in the nodel, and we shall analyse the dynanic
response in the variabler of the systemto shocks in the different
variabl es. Secondly, the dynamics of the nodel permit a test of the

causal ity between th and DPt.

In the next section we give the chosen variables for the five-variabie
VAR, and the VAR itself is described in section 6.3. In 6.4 the

causality test method is given and 6.5 gives the enpirical results and
concl usi ons.

6. 2 Selection of Variabler

It is easily understood that the nunber of variabler to include in the
VAR nust be limted. The number of degrees of freedomin the system

qui ckly decreases with the nunber of variabler and | ags.

Consider our podel (5.25). The number of independent variables is 20
plus a constant. If we restrict the nunber of lags to 3, we end up
with 61 independent wvariables in each equation. This nust be
considered to be too nany, when we have only 29 annual observations on
each wvariable. Hence, we nust restrict the nunber of variabler or the
nunmber of lags in the system Since we have annual data, a three year
lag is considered appropriate and hence the nunber of variabl er cannot
be nore than 9, which would |eave us with 1 degree of freedomin each

equation, provided we include a constant.
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If we drop the cross-terms in (5.25) we are left with 6 variables:
Vp%], [DPt—EDPt), (Dp -DP ), (Dyd-DP ), [DP-DPWt) and [Dy{-DPWt). For
conveni ence, we drop the u superscript for the unweighted variance,
Vpu. Addi ng EDP to the nobdel we have 7 variables. Even with 7

t
vari abl es, however, we are left with only 7 degrees of freedomin each

equati on.
Hence, we will use some proxies for the above variables. W include
Vp and DP as defined above. In addition, we include DPW, the

rell ative chzgmge in inmport prices, DW, the relative change int unit
| abour costs and DU, the relative change in unenpl oynment. DPW
i ncl udes sone raw nmat etri al prices and hence is to sone extent used ast
a proxy for changes in raw naterial prices. In the nodel (5.25) we see
that increases in DP%/shouId i ncrease th. DM& is a natural proxy for
EDPt , considering the equilibriumwage rate in (5.7). Finally, DUt,

the change in the unenployment rate is used as a proxy for changes in
domestic and foreign real income. That is, it is assumed that there is
an inverse rel ationshi p between changes in donmestic and foreign income
and DUt. Therefore, an ancreasefin DUt is expected to affect Vpt in a
direction opposite to Dy and Dy . Finally, we include a constant in

t t
each equation, to account for time trends in the variabler.

The data used are annual data from 1951 to 1979 for the Swedish
econony 4) . Al data sources are specified in Appendix 2. The use of

annual data presents sone problens in a VAR W |eave that discussion

for section 6.5.

6.3 The Vector Autoregressive Model

In the VAR there are n endogenous variables, defined by the nxl

vect or yt. The VAR is defined by
(6.1) B(L)yt U

where B(L) is an nxn nmatrix of polynomials in the backward-shift
operator L and u is an nx1 vector of random variables, serially
uncorrel ated with fti nite and constant variance and zero nean. Hence,
the right-hand sides of the equations in the systemcontain exactly
the same variables, i.e. succesive |ags of the n endogenous vari abl es.

For ease of exposition, we ignore determnistic components, such as
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constants or time trends.
To estimate B(L) one nust limt the lag length in the polynomals. |f
m js the Jlag length and d the nutuber of deterministic coefficients,

there are n(nm+td) coefficients to be esti mated.

I'n our case, n=5, m=3 and d=1, so the nutuber of paranmeters to be

estinated are 80, 16 in each equation.

Since all equations have the sane explanatory variables, OLS equation
by equation is efficient. No restrictions are inposed on the | ag
pattern; each of the five variables in the systemis predicted as a

i near conbination of past values of all five variables in the system

The difficulties with the VAR do not lie in the estimation, but rather
in the interpretation. It is very difficult to make any sense of the
estimated coefficients in the regression equations. The coefficients
on succesive lags tend to oscillate and there are conplicated

f eedbacks across the equati ons.

Therefore, the analysis is concentrated on the dynam c response in the
system to typical random shocks in the variables. A typical random
shock is a positive residual of the size of one standard devi ation

unit of each equation in the system

The dynamic responses are characterised by the npoving average

representation

16.2) yt = E As ut-s
s=0

where ut is a nxt vector of random disturbances, assumed to be
serially uncorrelated, i.e. generated by a white noise process, and A
S

is the matrix of coefficients in the noving average representation.

At this point, the first problemof interpretation arises. The
covariance matrix of the residuals, 4Eutu . is in general not
di agonal and therefore the residuals are non—ortt hogonal . But if the
residuals are non-orthogonal, it is hard to interpret the dynanic
responses in the system For instance, it is then inpossible to know

whether the dynamic responses to a shock in the DP -equation is the
t
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result of an autonormpus change in DP or is the effect froma shock in
the Vp -equation on DP . Hence, the residuals of the system are best

t t
ort hogonal i sed

The orthogonalisation has been achieved here through the Chol eski
factorisation method, which amounts to finding a triangular matrix S,
such that Q=SS and u =Sv , where v is a vector of orthogonal
i nnovations. The factori ;ati E)n wi |l depend on how the variables are
ordered in Q In general, the procedure is to renove the covariances
between the residuals in a particular order, where the variable
hi ghest in or der is allowed to affect all other variables
cont enpor aneously. The Chol eski factorisation is simlar to regressiog
the error of the variable highest in order on the errors of all other
variabl es and using the errors fromthis regression as the orthogonal
innovations for the wvariable ranked first in the deconposition. The
errors of the variable ranked as the second variable then are
regressed on the errors of the renmining variables, and so on. In this
way the covariances anpong the errors are renoved and cont enpor aneous

correlation is inposed in a particular order.

The noving average representation with orthogonal innovations is

(6.3) yt = C As

s=0 Sv t-s .

I't there is consi derabl e correlation between contenporaneous
residuals, then the particular ordering of the factorisation mght be
i mportant. If contenporaneous correlation is high between some
vari ables, the results can be checked by altering the ordering in the

factorisati on between these vari abl es.

In addition to the dynamic responses to standard deviation unit
shocks, we shall anal yse the historical deconposition of the tinme
series into a prediction of each variable and the conponents of the
accunul ated effects of past and current shocks. The historical
deconposition is based upon the followi ng partitioning of the nmoving

average representation:
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j-1
(6.4) Yrij = sEO As SVT+B_S L, B A ST s

Period T is the base period, period T+1 the first period of historical
deconposition and period T+ is in our case equal to the last period
of the sanple. The first sumin (6.4) is that part of y T+ which is
due to shocks in periods T+l to T+ and the second sumis the forecast
of y T+j , based on the information available at time T.

The historical deconpositions thus partition the difference between

the actual series and the forecast, between the variabler in the
model . This partition is deternined by the conponents of the vector
VT+j s of orthogonal innovations. Therefore, the forecast augnented by
the innovations in all the variabler gives the actual value of the
vari abl e.

In addition to describing the system s response to different kinds of
shocks we shall also make a deconposition of the variance of forecast
errors. W give the nbdel a one-period shock of the size of one

standard deviation unit. The k-step ahead forecast error is

(6.5) s

I > X

S

The variance of the k-step ahead forecast error js

k
(6.6) s2(i,k) = £ £ aij[s)2s~,
. ol

where there are n variables in the system s2=s2(j,1) is the variance
of the jth innovation, and the a , (s) are thejcoefficients on the sth
lag of the jth innovation in the noving average representation of the

equation for variable i.
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The deconposition of the variance of forecast errors allows for an
anal ysis of the influence on variable i of shocks in all the
vari abl es. It also gives sone information on the possible exogeneity
of variables. |If forecast error variance in a variable is explained,
to a dominating extent, by own-innovations, it is evidence for that
vari abl e bei ng exogenous. Note, however, that the deconposition of
variance is dependent on the particular ordering in the factorisation
of 4. If a variable is ordered high in the orthogonalisation, it is
likely that its own-innovations would take a larger share in the
deconposition of variance of forecast errors. This will particularly

be the case if the contenporaneous correlation is high.

6.4 Causalijty Test in a Vector Autorearession

In the deconposition of variance of forecast errors, exogeneity of a
variable is equivalent to that variable's own-innovations accounting
for 100 % of its forecast errors. In systens of econom c vari abl es,
this is not likely to occur frequently. Therefore, we need an explicit

test of exogeneity.

In this section we shall adopt the Wener-G anger causali y concept
and the application of it to a vector autoregression . A fornal
description is given in Hsiao (1982) and the follow ng causality

definitions draw on his work.

The exposition will be nore clear if we use our specific nodel. Hence,
I et )t’={ mt’ th, DPt, DWt DU}t be a vector stochastic process.

Let I =y be the relevant information set accunmul ated since time t-1

and let It ={yt Is<t } .

Define | -DP as the set of elemantsinltwithout the el ement DP .
t

It -DPt iEs, defti ned anal ogously to It _DPt‘ We drop the time subscript
and denote by c(Vpll) the root of mean square error of the mininum
root of nean square linear prediction error of Vp, given information
set I, Hence, o( Mpll) is the performance of predicting Vp given past
y. Likewi se, o(VpllI-DP) is the performance of predicting Vp given past
y, but without DP in the information set. The generalised Wener-

Granger causality concepts can now be defined:
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1. Direct Causalitv. If o(Vpll) < o(Vpl I1-DP) and o(VPIVP, DP) <
o(VPIVP). O(VPI1-DPW < o(VPII-DPWDP), o(Vpll-DPWDW <

o( Vpj I-DPWDWDP) an o(VplVp, DP) < o(VplVp) then we say that DP
causes Vp directly, relative to |, denoted by DP=>Vp.

The direct causality nmeans that DP only causes Vp when current Vp is
better predicted by using past DP, no matter what information set is
used

2. Direct Feedback If DP=>Vp and Vp=>DP, then there s direct
f eedback, denoted by DP<=>Vp.

3. No Causality DP does not cause Vp when either (i) o(Vpll) _
o(Vpl |-DP-DPWDWDU) or (ii) aLVpjl) = o(VPII-DP), o(DPW 1) _
o(DPWI-DP), o(DWI!) = o(DWI-DP), o(DUI) = o(DU |-DP).

Condition (i) inplies that the best prediction of Vp makes use of past

val ues of Vp only. Condition (ii) inplies that past val ues of Vp, DPW
DWand DU are sufficient for predictiog current Vp, DPW DWand DU

As pointed out in Chapter 3, it might be that a third variable is
causi ng both Vp and DP to nove in the sane direction, but in a
bivariate analysis it my be that DP=>Vp. The case where a third

variable is driving both DP and Vp is called spurious causality.

4. Svurious Causalitv. Assune that DPW>DP,Vp.  Then. when congditian
(ii) of No Causality holds, but o(Vpll) = c(Vpll-DP) < o(Vpl I-DPW
<o(Vpl 1-DP-DPW and o(DPIl) < o(DPII-DPW, o(DPlDP, DPW <o(DPIDP),

then spurious causality fromDP to Vp occurs.

Finally, there is also the possibility of indirect causality. For

instance, DPWnay cause DP and DP in turn cause Vp. But, as in the

case of spurious causality, there is no direct causality fromDP to
Vp.

5 Lndirect Causalitv. If o(Vpll) = o( vpi |-DP) < o(Vpll-DPW <
c(Vpl 1-DP-DPW and o(DPWI) < o(DPWI-DP), o(DPWDPW DP) <
o(DPWDPW, then we say that DP causes Vp indirectly, denoted by DP
Vp.
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This conpletes the definitions of causality to be applied here. In
addition, we nust consider the possibility of instantaneous causality,
i.e. that current Vp is ~caused by current values of sone other

variables in the system

This problemw ||l here be treated in the context of contenporaneous
correlation. By ~changing the order of the orthogonalisation of
i nnovati ons, it is possi bl e to exam ne the i mport ance of
cont enpor aneous correl ation. By changing the order of the variables in
the orthogonalisation, one allows for different cont enpor aneous
effects between the variabler. W snall pay nore attention to this

probl em when we apply the causality definitions to our nodel in 6.5.5.

Havi ng defined the VAR and the different causality concepts, we now

turn to the enpirical estimation and the results.

6.5 Empirical Results

The estimation of the VAR and the causality tests produces a |arge
nunber of results. W small only show a small nunber of there in the

text. Further results are given in Appendix 4.

Recal | again that the estimated VAR includes five variables: DPW Vp,
DP, DW and DU. We use annual data for the period 1951-79 and a three-
year lag. In addition, we include a constant in each equation to allow

for tine trends in the variabler.

6.5.1 Estimation of the VAR

As described in section 6.3 we apply ordinary | east squares to each
equation separately in the system The output fromthe regressions is

presented in Appendix 4.

The estimated coefficients are not so interesting, since they tend to
oscillate and this nmakes interpretation difficult. However, blockw se
F-tests on the variables in the system makes sense. The F-statistics
and the nmarginal significance levels are given in Appendix 4. As can
be seen, the F-statistics are in general low. In the equation for DU

there is no single variable significant bel ow the 19% significance
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| evel . In the other equations only Vp and DPWare significant at the
5%l evel. In the Vp-equation, |lagged Vp is significant at the 3%I evel

and DPW at the 11%1 evel .

Since We use annual data, it is nore likely that the contenporaneous
torrelation between the residuals is high. The torrelation natrix is

gi ven bel ow.

Table 6.1. Correlation nmatrix of contenporaneous residuals.

DPW 1. 000 . 726 768 621 . 156
.726  1.000 493 . 236 . 018
768 .493 1.000 . 698 . 064
621 . 236 698 1.000 . 390
156 -.018 064 -390 1.000

ggsgs

As can be seen in Table 6.1, DPWis highly correlated with Vp, DP and
DW Vp is correlated with DP, DP is correlated with DWand DWis
correlated with DU. The torrelation coefficient between Vp and DU is
negative, which is what we would expect, since DUis used as a proxy
for Dy and Dy . Vp noves procyclically, which confirms the tinme
series pattern of figures 4.1 - 4.3 in Chapter 4. The torrelation
between DP and DU is positive, which probably reflects the

stagfl ationary devel opment during the 70s.

Since there are significant torrelations between the residuals in the
system the ordering of the variables in the orthogonalisation wll
probably be inportant. W shall return to that problemin subsection
6.5. 3.
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6.222 D nanic Responsen to Uni L Shacks

The dynami c responses to standard deviation unit Shocks, characterised
by the noving average representation (6.3) are presented in Figures
6.1 - 6.5. These responses will now depend on the ordering in which
vari abl es are orthogonal i sed. The responsen presented here are based
on t:he ordering: DPW Vp, DP, DWand DU. This anounts to assuming that
foreign price changes are exogenous. Shocks in DPWinmedi ately affect
all other variables, whi | e Shocks in DU do not affect the other
vari abl es cont enporaneously. The effects of other orderings of the
variables we leave for the next subsection, where we anal yse the

deconposition of the variance of forecast errors

There are basically two ways to present the dynam c responses. First,

we could give the responsen in one variable to Shocks in al

vari abl es. Secondly, we could take the responsen in all variables to a
shock in one wvariable. In the first case there is no problem of
scaling, but in the second case the dynami c responses are scal ed by
the standard deviations of each regression equation. Therefore, the
first period response, in the variable ordered first, to an own-
i nnovat i on, is unity. The first way of presenting the responses gives
answers to the question: what chocks (vari abl es) are nost i nportant
for variable i? The second gives answers to: which variable is nostly
i nfluenced by a shock in variable i? The first way of giving the
responses is presented in Figures 6.1 - 6.5 and the second way, with

standard deviation scaling, is given in Figures 1 - 5 of Appendix 4.
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Figure 6.l1. Dynamic responses in DPWt to shocks in
u .
DPWt, th, DPt, DWt and DUt, 10 periods

ahead. Vertical unit is .0300.
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Figure 6.2. Dynamic responses in sz to shocks in DPW
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Figure 6.3. Dynamic responses in DP, to shocks in DPW
u
Vp,, DPt’

Vertical unit is .0100.
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Dwt and DUt, 10 periods ahead.
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Figure 6.4. Dynamic responses in DW
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Vertical unit is .0100.

£ to shocks in DPW
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Figure 6.5. Dynamic responses in DU, to shocks in DPW, ,
u .
th, DPt’ DWt and DUt, 10 periods ahead.
Vertical unit is .1000.
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Figure 6.2 shows the dynamt responses in Vp to shocks in all the
variables. Relative price change variability is nost heavi |l y
i nfluenced by shocks in DPWand DP. The effects of own-innovations are
qui ckly damped, but shocks in DPWand DP show a pronounced cycli cal

and slowy danped pattern. Skocks in DPW DP and DU all increase Vp,

whil e a wage change innovation tend to decrease Vp. These responses
are consistent wth the nodel in the previous chapter, where changes
in the equilibriumwage rate were linearly related to the expected
rate of inflation and where the actual and the expected rate of
inflation affected vp in opposite directions. Somewhat surprisingly,

the effects of a chock in unenploynent is that price variability
increases. In Chapter 4 we saw a procyclical pattern in Vp, which is
not confirned by the responses to a chock in DU As the regressions
with relative-price change equations in Chapter 5 showed, the supply
vari abl es seened to be nore inportant than the demand variables and it
is presunably that phenonmenon which is reflected here, through the
countercyclical effects from DU innovations on Vp. Notice, however,

the procyclical tine pattern of Figure 5 in Appendix 4. The initial

effect is that Vp increases, but after that Vp behaves procyclically
with DU. Hence, the initial effects on prices, and wages, froma skock
in DU tend to be small, but to rise after a while and then |evel off

slowy.

In figure 6.3 we illustrate the effects on DP of shocks in all the
vari abl es. A chock in Vp tends to decrease DP, while a chock in
foreign prices has a positive influence on DP. The rate of inflation

is sensitive to innovations in foreign prices and to own-innovati ons.

Figure 6.3 and 6.4 show that wage changes are sensitive to inflation-
innovations, while inflation is not so sensitive to wage-innovations.

This s apparent in figures 3 and 4 of Appendix 4, where the effects
of wage shocks are small conpared to inflation-innovations. In Figure
4 there is evidence that in the cyclical pattern followi ng a wage-
change chock, wages tend to lag prices by one year. However, this is
not the case for inflation-shocks, where wage inflation and price
inflation show a very sinmilar cyclical pattern. This result is
consistent with the sinmple labour nmnarket nodel in the previous
chapter, where the equilibriumwage rate was linearly related to the

expected price level.
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Figure 6.5 shows that changes in unenployment is very sensitive to a
i nflation-shock. This could be seen as a contradiction to the neutra

nodel s, in which nominal variables would have a small and quickly
danped effect on real variables. In addition, changes in unenpl oynment
are sensitive to a price variability innovation. The first-step effect
is a decrease in unenpl oynent, but a peak is reached after 4 years. A
possible interpretation of this phenomenon is that increases in
relative-price change variability inply structural changes in the
econony and that the latter take considerable time and inplies a
transitory increase in unenployment. However, it is probably the case
that it takes not only tenporary changes in price variability to
i nduce such structural changes, but sustained changes in price

variability.

In Figures 1 - 5 of Appendix 4 we have drawn the dynanmit responses in
all the variabler to a shock in one of them In Figure 1 we see the
responses to a shock in DM The innovation in DPWcan be seen as a
supply shock, e.g., as a shock in oil prices. The effects are that al

the other variables increase. There is a strong and slowy danped
effect on price variability, inflation and wage changes. Unenpl oynment
increases for the first three periods, but then decreases. The
stronger effects on wages and inflation can be seen as an effect of
the accommopdating Swedish policy, strongly oriented towards ful

enpl oynent

An innovation in Vp decreases both price and wage inflation. This
finding is contradictory to the theory of asymetric price
adj ustnents, with downward stickiness in prices in markets with excess
suppl i es. This theory inplies that increased relative price

variability increases wage and price inflation

The effects of an inflation-innovation can be seen in Figure 3 of
Appendix 4. It increases Vp with a sharp peak the fourth year. It also
tends to feed itself, with a decline only after 8 years. The initia
effect on wages is an increase followed by an i medi ate decrease and a
peak after 5 years. The effects of wage-innovations are nuch nore

danped, as can be seen in Figure 4 of the sane appendi x
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For sone dynamit responses the cycles are very pronounced and slowy
danpe6. In Table 6.2 we provide the forecast standard errors k steps

ahead

Table 6.2. Forecast standard errors k yééfs ahead.
Forecast standard errors are the positive square
root of (6.6)

k
DPW 0405
0505
0516
0632

0716
0812

O o w ro—

N —

Vp ! 0013
0017
0018
0026
0032
00. 36

U1 O o1 w ro

N =

0151
0203
0209
0250
0302
0393

U1 O o1 N—

N =

0179
. 0245
0258
0292
0364
0452

N =
U © ol w N —

. 1166
. 1232
. 1318
1797
. 2075
2139

=
Ul o ol wwro

N

For a stationary process, the forecast standard error tends to sone
upper  bound. The forecast standard errors |level off npst quickly for
Vp and DU, but, especially for DP and DW the responses are very
slowy danped. Again, there is sonme evidence for the enpl oynent--
oriented acconmodati ng Swedi sh policy, but it could also be seen as
evidence for slow adjustnment in prices and qui ck quantity adjustnent,

as argued by Gordon (1981) or Okun (1981). Notice here also the
di scussion in Wcksell (1936) and his discussion of the dichotonmy and
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the different equilibriumconcepts used for the nonetary and the rea

part of the econony (see also the reference in Chapter 1). According
to Wocksell, the equilibrating fortes in the real part of the econony
are very strong, so that the the initial equilibriumwll be restored
quickly in response to a tenporary shock. On the contrary, the
equilibrating fortes in the nomnal part of the econony are weak, in
the sense that the initial equilibrium wll not be restored (is
*indifferent" in Wcksell's words) unless the initial disturbance is
renoved. Sonmething of this can be read fromthe forecast standard
errors in Table 6.2 and fromthe dynanit responses in the figurer

above. The dynanit responses to different shocks are nore danped for
the two real variabler Vp and DU, while the nominal variables, DPW DP
and DW show a nore prol onged cyclical pattern. But, contrary to
Wcksell's idea of a dichotonmy, nominal variables in this system exert

a strong influence on real variables

6.5 3 Deconnosition of Variance of Forecast Frrors

The deconposition of forecast error variance is given in Table 6.3

The variance of the error, as given by (6.6), is deconposed anong the
conponents of v, the vector of orthogonal innovations. The variance of
the forecast errors does not depend upon the factorisation of 4, but
t he deconposition does. In Table 6.3, the deconposition is based on
the orthogonalisation in the order: DPW Vp, DP, DWand DU as

indicated in the table

Table 6.3 gives the percentages of the total variance of k-step ahead
forecast errors, due to innovations in the different variables. Since
only DPW is al | owed to af f ect al | t he ot her vari abl es
cont enpor aneousl y, it accounts for 100 : of its forecast error
variance in the first period. An exogenous variable woul d account for
nost of its own variance by own-innovations. Therefore, a Prelininaryv

informml check for exogeneity can be achieved by |ooking at the

di agonal cells in Table 6.3
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Table 6.3.. Deconpositionof .variance.of .k-step.ahead forecast .....

errors. The innovations arg orthogonalised in the indicated order

Variance ..K....ShocK.in:' . .. . . . . . . e
in:
DPW Vp DP DW DU

DPW 1 100. 0 0 0 0 0

2 93.13 4. 41 2.07 L3l 09

3 89. 36 4,83 5.11 .61 09

5 65. 21 14. 40 16. 08 291 3.41

10 54.92 14.73 23.76 1.95 4.64
Vp 1 52.69 47.31 0 0 0

2 62. 65 31.27 . 03 4,31 1.74

3 62. 44 29. 80 .51 5.14 2.11

5 63.75 15.29 14.07 2.39 4.50

10 65. 86 11. 83 14.12 2.45 5.74
DP 1 58. 92 . 86 40. 22 0 0

2 66. 31 6. 47 23.34 .35 3.53

3 66. 20 6. 56 22.58 1.33 3.33

5 56. 18 12. 26 23.05 1.52 6.99

10 43. 00 18. 44 28.28 2.73 7.55
DW 1 38.56 9.72 9.18 42.55 0

2 57.44 7.33 12.10 22.76 36

3 53. 63 9.02 13.83 20. 74 2.79

5 43. 56 14.85 21.25 17.31 3.04

10 32.21 18. 94 30.24 13.83 4,78
DU 1 2.43 3.63 1.32 16. 94 75. 67

2 3.05 3.25 9.63 16. 32 67.75

3 2.81 4,84 9.94 15. 04 67. 36

5 4,16 11.01 32.75 8. 89 43.19

10 3.71 9.81 42.75 7.54 36. 19

Af ter 5 years

variance in all

variance in

DP, respectively. Strictly speaking

The variance in Vp is largely due to innovations in DPW Vp and DP
15 and 14°% of the 5-year

however,

whi ch account for

respectively.

64,
Notice

DPW i nnovat i ons

vari abl es except

ahead vari ance,

DP-i nnovati ons

important for the variance in Vp on a short-term basis.

account for the largest part of the
DU. As nmuch as 15 and 24% of the
DPW after 10 years is explained by innovations in Vp and

DPWis not exogenous either.

not
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The variance of inflation is donminated by innovations in DN, Vp and
DP, which account for 56, 12 and 23 - respectively. Hence, feedback
from Vp to DP is possible on a long-termbasis, though it by no neans

domi nates the forecast error variance in DP.

Wage and unenpl oynment -i nnovati ons are not very inportant for the other

vari abl es, but after 3 years wage-innovations account for 15 ¢ of the

variance in DU

Wage-i nnovations are not inportant for inflation, but inflation-

i nnovations account for 30 € of the variance in DWafter 10 years.

This casts sone doubts on the assunption of wages bei ng exogenous,

conmonly made in enpirical work Wth price equations. Note in
particular here, that these findings are consistent with t he
Scandi navi an  nodel for an open econony, as analysed in Chapter 3. In
that nmodel, both wages and prices are domi nated by prices in the world
market and the equilibriumrate of inflation in that nodel only
deviates from price changes in the exposed sector through differences
in productivities between the exposed and the sheltered sectors. As
can be seen in Table 6.3, the forecast error variances in both DP and
DW are dominated by shocks in DPW both in the short and in the |ong

run.

The results in Table 6.3 are based on the particular ordering in the
Chol eski factorisation of 4. Since contenporaneous torrel ation between
the residuals is relatively large, the results may be due to this
particular choice. In Table 6 of Appendix 4 we give the results for
the alternative ordering, where Vp have been put last in order. There

are sonve changes in the figurer, but the main results remain.

The main results, then, are that innovations in DPWare inportant for
all the variabler except DU Innovations in price variability are
i mport ant, particularly for the variance in wage and price inflation.

Inflation-innovations are inmportant for all variables, but explain the
variance in Vp and DU with a considerable |ag. Though cont enporaneous
torrel ati on between sone of the variables is considerable, the change
of the ordering of Vp and DP in the orthogonalisation of the residuals

does not change the nmain results of the responses in the system
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6.5.4 Historical Decammosition

The historical deconpositions, based on the partitioning (6.4) of the
novi ng average representation, are given in Figures 6-10 in Appendi x

4, Figures 7 and 8 show the deconposition of Vp and DP.

The historical deconpositions can be wused to analyse ngjor shocks
during specific time periods. Here we shall concentrate on the events
in the 70s. There were two nmjor supply shocks, in 1974 and 1979, the
two oil-price shocks. These are partly reflected in DM In addition,
there were two devalutations of the Swedish currency in 1977, one of

10 and one of 6% which should be reflected in DM

In Figure 7, the historical deconposition of Vp is plotted. The
projection of Vp is denoted by * and this projection plus the
cunul ati ve conponents of the innovations in each of the variabl es
since time T (T=1969) are given. In 1974, the year of the first oil-
price shock, the base prediction of Vp is .007 with the cunul ative
inmpact of innovations in DPWsince 1970 being .003. The inpact from
innovations in other variables is much smaller that year. The effects

during the second oil-price shock in 1979 are nmuch smaller.

Simlarly, in 1977 the inpact of innovations in DPW is doninating,

adding .003 to the predicted .006, which is evidence of the inpact of
t he Swedi sh currency depreciation on Vp.

The effects on inflation can be seen in Figure 8 These effects are
quite sinmlar to those in Figure 7. Inport price-innovations give
large effects on inflation in 1974 and 1977, but nmuch snmaller effects

in 1979

Inflation-innovations have not been very i mport ant for price
variability in the early 1970s, but since 1975 they have. In 1975 and
1976, DP-innovations increase Vp and in 1977-1979 there is a |l arge

negative inpact.

The sane pattern goes for the inpact of Vp-innovations on the rate of
inflation. Since 1974, price variability-innovations have a Ilarge
positive effect on inflation. From 1976 to 1979, innovations in Vp add
about .02 to DP each year. Rel ative-price variability shocks hence

have been a potential source of inflationary inmpulses in the Swedi sh
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econony in the late 70s.

To concl ude, innovations in inport prices have had a |large influence
on both price variability and inflation during the 70s in the Swedish
econony. Innovations in inflation have had a |l arge inpact on price
variability in the late 70s, but innovations in price variability have
al so influenced inflation during the sane tinme period . The effects
from the two Oil-price shocks and fromthe Swedi sh currency
depreciations in 1977 can clearly be seen fromthe effects of changes
in inport prices on both inflation and on the variability of relative-

price changes.

6.5 5 Causality Tests

In the causality tests we apply the definitions in section 6.4, i.e.,
we shall conpare the forecasting performance of different nodels. The
met hod for conparing nodels is the one descri bed and applied by
Ashl ey, Ganger and Schral ensee (1980) and Ashley (1981), in which
post-sanple forecast errors of different nodels are conpared in the

foll owing way.

Let o(DPIl) be the one-step ahead post-sanple root of mean square
forecast errors made by the five-variable VAR above. Then, |et

o(DPI | - Vp) be the forecast errors made by a four-variable VAR, with
Vp deleted fromthe first nodel. Define

(6.7) Dif = o0 (DPJI-Vp) - o (DPl 1)

t t t

and

(6.8) Sur'r:= ot(DPjI-Vp) + 0 t(DPI ).
Then, consider the regression equation

(6.9) Dift =, +s1 (Sumt - Sum) + ut,
where Sumis the sanple nean of Sum over the postsanple period and u
t

is a disturbance term wth the usual properties. Then, as shown in

Ashl ey, Ganger and Schnal ensee (1980), pO is the difference in nean

forecast error between the two nodels and ~1 is proportional to the
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difference in forecast error variance.

The test of direct causality Vp=>DP then inplies testing of the
hypothesis that S andjor B, is greater than zero. Provided S and 0 1
are positive this can be done by a F-test on the null hypothesis that

both coefficients are zero.

Since we have annual data and only 29 observations, the test is likely
to be weak. W have undertaken the post-sanple forecasting for the
period 1971-1979, and @sed the Kalman filter for updating the
paraneters of the nodels . This gives only 7 degrees of freedom for
comparing the forecasting performance of the nodels. In addition,
since we use annual data, the test will be inconclusive, since
cont enpor aneous ~ correl ation between sone of the variables is high and
significant. Hence, even if, say, we find evidence of no causality
from Vp to DP, there may still be direct causality, provided it all
occurs within a year. On the other hand, if we find evidence of direct

causality fromVp to DP, this would cast sonve doubts on the

regressions made in the previous chapter.

Anot her problemis that the residuals in the systemin general are not
whi t e. The Box-Pierre statistic does not reject whiteness of the

residuals in the Vp- and DPWequations. The B-P statistic is

where B2 k is the kth lag autocorrelation of the residuals. QLoi s
asynptotically chi-squared distributed with mdegrees of freedom

The significance levels are .97, .92 and .75 for the Vp-, DPW, and
DP- equat i ons, respectively, while the DWequation and the DU equation
are significant at the .41 and .43 levels, respectively. Hence, the
whi t e-noi se assunption is accepted for the Vp-equation, which is
reassuring for the regressions in the previous chapter, but rasts sonve

doubts on the VARs here.

Turning to our results, then, we find no evidence of Direct Causality,
neither DP=>Vp nor Vp=>DP. In the bivariate test of direct causality
from DP to Vp, the coefficient p, i.e. the urean of the difference
between u(Vp/Vp) and o(VPI Vp,DP) is significant at  the 8%
significance level. Since condition (ii) of No Causality is confirnmed,
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there is a possibility of Spurious Causality. W tested that
possibility by assumi ng that DPWcaused both DP and Vp. W found that
c(WII1-DP) < o(Vpl 1-DN), o(Vpl!l-DPW < o(Vpll-DN-DP) and o(DPIl) <
o(DPIl -DN), but that o(DPIDP, DPW > o(DPIDP). Because of the | ast
inequal ity, the hypothesis of Spurious Causality fromDP to Vpis
rejected by our data. The regression equations, based on (6.9), for
the test of Direct Causality, both for DP=>Vp and Vp=>DP, are given in
Appendi x 5. Since the direct causality fromDP to Vp is rejected when
we conpare the information sets | and |I-DP, we do not show the tests
for all conbinations of infornation sets. The bivariate case is al so
shown in the tables, because similar tests have been done earlier for

these information sets

We shoul d not place ooo nuch enmphasis on these results, since they are
based on a weak data basis, both far the predictions and for the
causality tests. In conclusion, the causality tests show that there
are no direct causalities, neither DP=>Vp nor Vp=>DP, reveal ed by our
data. Since the data could be considered insufficient for a causality
test, and since there are sjgnificant contenporaneous torrelation
between some of the variables in the nodel, this test is inconclusive.

Qur  results can be conpared to these of Ashley (1981). He made a
causality test, based on a bivariate nodel with nonthly data on DP and
the standard deviation of relative-price changes. He found DP=>Vp but
not the reverse. W found sinilar evidence here for the bivariate

model, but not for the multivariate five-variable VAR

There is no evidence, neither here nor in Ashley (1981), of direct
feedback fromVp to DP: this gives support to the specification of the

regressi on equations in the previous chapter.
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7 SUMVARY AND CONCLUSL ONS

Econonic theory has for a long tine focused on the rel ati onship
between noninal and real variables. Mdels in which the econony
di chotonmi ses into a nomnal and a real part, independent of each
other, have had a great influence on econom c thought. Cosely rel ated
to the dichotony is the concept of neutrality, which says that an

economi ¢ system conprised by a set of functions relating endogenous

and exogenous variables, is neutral, if these functions are honobgenous
of degree zero in all nominal variables. Miltiplying all nom na
variables with sone proportionality factor will |eave the systemin

equilibrium with all real variables unaffected

The dichotony and the neutrality property was questioned early, i.a

by Keynes in the thirties. In Keynes's world, changes in the noney
supply would affect real variables, since, via changes in interest
rates, investment and real income would be affected. Such effects are
inconsistent with the natural rate hypothesis, according to which

agents' decisions depend on relative prices only.

The controversy about the Phillips curve in the sixties and seventies
can be seen as a continuation of the debate about the relationship
between nominal and real variables. Keynesian orthodoxy and the stable
negatively sloping Phillips curve was questioned and the natural rate
Phillips <curve appeared as the neoclassical challenge to this
orthodoxy. Friedman's and Phelps's and Lucas's theories of the
Phillips curve were based on the presunption that agents have
inconplete information. In the former framework, workers tenporarily
m spercei ve real wage rates and in the Lucas nodel they confuse
absolute with relative prices. The inconplete information approach
inplies a relationship between nomnal and real variables, to the
ext ent t hat unantici pated changes in the nopney supply or in

unanticipated inflation affects relative prices and real output.

In the present study, we have enpirically analysed the relationship
between nomnal and real variables, specifically the relationship
between inflation and changes in relative prices. This relationship

has cone into focus in recent nmacroecononmc theory, particularly in
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the Lucas nodel of the Phillips curve. In Chapter 2 we showed how the
variance of relative prices and the variance of the general price
| evel were correlated over time in the Lucas nodel, through the nmutua
dependence on the variance of exogenous demand shocks. This result is
due to the inconplete information of agents, who are assuned to know
the prices in their own inarkets but have no certain know edge about

the general price |evel

The illusion-based nmpdel of Lucas has been called a neutral nodel

However, as has been shown in Chapter 3 not only unexpected inflation
has an inpact on relative prices, but fullt' expected inflation can
influence the course of relative prices. If firas face price
adjustment costs and these costs differ between firas, then an
increased rate of inflation will increase the variability of relative-
price changes. This type of theory has nothing to do with inconplete
information and inplies a direct causality fromfullt' expected

inflation to the variability of relative-price changes

The question of causality between these two variables was further
anal ysed in Chapter 3, when we described other theories which enbodi ed
a relationship between expected inflation and the variability of
rel ative-price changes. Theories of asymmetric price adjustnents

which postulate that prices are sticky downwards in some sectors or
industries in the econony, inply a reverse causal order, since
relative excess supplies and excess demands produce an inflationary
bias, due to the failure of prices to decrease, or to rise
sufficiently, in markets with excess supplies. Cosely related to this
nodel are theories which distinguish between narkets with different
characteristics, e.9. with respect to differences in contract
structure. In that kind of nodel, different exogenous shocks, which
could ermanate both from the supply and the demand siden, produce a
positive rel ationship bet ween inflation and relative-price
variability, due to differences in price adjustnents. Markets with
implicit contracts are characterised by gradual price adjustment while
prices on auction-like markets adjust quickly. Finally, it is shown
that in the Scandi navi an nodel of wage and price formation in an open
econony, a positive relationship between inflation and the variability
of relative-price changes is generated by relative productivity

changes between traded and nontraded goods sectors
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The review of the theories of the relationship between inflation and
relative prices in different nodels reveals that this relationship is
not very stable, since the exogenous fornes differ fromnodel to
nmodel . Despite this fatt, in Chanter 4, we analysed enpirically the
rel ationship between the variance of relative-price changes and the
expected and unexpected rate of inflation. Regressions were nade for
annual Swedi sh data of tonsumer prices for the period 1951-1979. The
aimof this enpirical analysis was to conpare the results for Sweden
with earlier findings for other countries. The expected rate of
inflation is assumed to be formed in two alternative ways: adaptive
and extrapol ative expectations. The results for Sweden tonform wel
with earlier studies, though the effects from expected inflation
appears Sonewhat stronger. The results suggest that a 1 %increase in
the rate of expected inflation, increases the standard devi ati on of
relative-price changes by approximately 0.4 % The effect from

unexpected inflation was stronger, with a corresponding figure of 0.7

The sinple regression studies in chapter 4 revealed that in many
countries there was a positive significant relationship between
inflation and the wvariability of relative-price changes. However

these regressions were nmade wi thout econom c structure and hence can
be viewed as misspecifications. Therefore, in Chanter 5 we build an
equi l i brium nodel of an open econony, which consists of nmany narkets

each of which clears in each time period. The strategy was to build a
model in which neutrality is maintained. To be able to distinguish
between the different theories put forward in chapters 2 and 3, the
effects of inconplete informati on was enbodi ed in the nodel. This was
done by assuning a labour nmarket in equilibrium in which the
equi li brium wage rate depended on the expected price |level. The
rationalisation is that supply and denmand deci si ons are based on
conplete information about noninal wage rates but incompl ete
informati on about the general price level, i.e. inconplete information
about the real wage rate. This situation arises if wage tontratts for

period t are fixed in period t-i

The open econony characteristics of the nbodel appear on the demand
si de, since dermand depends on the foreign price |level and on the
foreign level of real income. An extension in conparison with earlier
nmodels in the same area is that raw materials are included in the

technology of firms and hence the supply functions also include raw
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material prices. Conpared to the Lucas nodel, this nodel is also nore
general in that it allows for different supply and denmand paraneters
between markets. However, the assunption on inflationary expectations
is nore restrictive, since they are assuned to be -equal across

mar ket s.

The nulti-nmarket equilibriumnmodel is solved for changes in relative
prices and for the variance in relative-price changes. Changes in
relative prices in equilibriumdepend on unexpected inflation, changes
inrelative raw material prices, changes in donmestic and foreign real

income and on the deviation fromthe purchasing power parity.

This nodel was then tested in regression equations. The expected rate
of inflation was added to the nodel and it was then possible to test
whether it was significantly related to changes in relative prices and
to the variability of relative-price changes. In addition, we tested
whet her the extensions made here, i.e. the inclusion of raw materi al

prices and open econony considerations were significant. The anal ysis
was carried out for Swedish consuner prices while the data for raw
material prices and donestic and foreign income was taken from the
nati onal accounts statistics. Annual data for the period 1951-1919 was

used.

In likelihood ratio tests and F-tests, we showed that the hypothesis
that the effects from expected inflation, changes in relative raw
material prices and changes in the foreign variables are zero, was

rejected at |ow significance |evels.

The tests were made in tw alternative ways. Firstly, for the
equilibriumvariance of relative-price changes and, secondl y, for
relative-price changes on a set of constant-quality compdities. The
latter tests have not been made before and the results found here

reinforces the previous results for relative-price variability.

The tests inplied that previous nodels have been misspecified,
particularly since relative raw material prices were shown to be

important for the variability of relative prices.
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The nodel in Chapter 5 was essentially a static nodel in which it was
assuned that it was inflation which affected changes in relative
prices. Differences in price adjustment costs between firas justified
that assunption. However, as pointed out in Chapters 2 and 3, the true
exogenous forces may be others. Therefore, in Chapter 6 US€ was made
of a dynamic time-series nodel, a vector autoregression, in which al

variables were treated as endogenous, and in which causality could be
tested. The decision regarding which variables to include in the node

should be based on proper econonic theory, although the nurober of
vari abl es and the nurober of lags in the nodel nust be restricted

since otherwise the nurober of degrees of freedom would soon be
exhausted. W included the variability of relative-price changes, t he
rate of inflation, changes in inport prices, the rate of wage
inflation and changes in the unenploynment rate in the nodel and we
used a three year lag. The dynam c responses to different kinds of
shocks were studied and the system showed a sl owy danped dynani c

pattern

The variability of relative-price changes was particularly sensitive
to shocks in inflation and inport prices. Shocks in the variability of
relative-price changes was shown to reduce both wage and price
inflation. The latter results are contradictory to the theories which
assunme asymretric price adjustnments and downward stickiness in prices

In the analysis of historical shocks it was shown that inport price
shocks were inportant for both inflation and the variability of
relative-price changes, and, in particular, the two oil-price shocks

were clearly visible.

The fornval causality tests, based on the Wener-Ganger causality
concepts, were somewhat inconclusive, which was probably due to the
relatively poor data basis. However, no direct feedback fromprice
variability to inflation was found, thus giving support to the
econonetric specifications in Chapter 5. There was weak support for
direct causality frominflation to relative-price variability in the
test based on the bivariate nodel, but in general there was no direct

causality frominflation to relative-price variability.

I'n conclusion, the present study has shown that there is a significant
relationship between inflation and the variability of relative-price
changes. This relationship does not only hold for unexpected inflation

based on agents' inconplete information, but also a fully expected
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inflation is significantly related to relative prices and relative-
price variability. Wak support was al so found for the hypothesis that
causality goes frominflation to relative-price variability, but also
that supply shocks nay be the exogenous di sturbance. W have not
analysed the welfare inplications of relative-price variability, but
the enpirical results suggest that inflation may have substantia

effects on the allocative efficiency of the price systemand on the

di stribution of incone.
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NOTES

Chapter 1

1) On the distinction between neutral and di chotonised models and for
some exanples of these features in classical macronodels, see Niehans

(1978) or Sargent (1979).
2) see wicksell (1936), ch. 3.

3) See Lange (1942), Becker and Baunol (1952), Patinkin (1965),
Archibald and Lipsey (1958), and Mauer (1966). For a survey, see
Hansen (1966) or Niehans (1978).

4) See Sargent (1979), p. 103-105.

5) See N ehans (1978), p. 30, 67 and 206.

6) See Keynes (1930), p. 85 aa.

7) For an illumnating summary on NRH, see Azariadis (1982). For works
in the Friedman/Phel ps direction, see Phel ps (1970) and for surveys on
the REH, see Barro and Fischer (1976), Schiller (1978), Buiter (1980)
and Begg (1982). For a critical analysis of the foundati ons of the new

cl assi cal macroecononics, see Hahn (1982).

8) I n Sanmuel son's words sone advocates of the di chotoni sed econony are
| abel | ed "jackasses":

"Mne is the great advantage of having been a jackass. From?. January

1932 until an indeterminate date in 1937, | was a classical nobnetary
theorist. | do not have to |ook for the tracks of the jackass enbal ned
in old journals and nonographs. | merely have to |lie down on the couch
and recall in tranquillity, upon that inward eye which is the bliss of

solitude, what it was that | believed between the ages of 17 and 22.
This puts ne in the sane advantageous position that Pio Nono enjoyed
at the tinme when the infallibility of the Pope was being enunci at ed.
He could say, incontrovertibly, "Before | was Pope, | believed he was
infallible. Now that | am Pope, | can feel it."

Saruel son (1968), p. 1.
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99 For these attenpts and the econonetric debate, see Lucas (1973),
Sargent (1976), Barro (1977,1978), Barro and Rush (1980), Vallis
(1980), M shkin (1982), and Pesaran (1982).

10) |.a., see Sargent (1976) and Barro (1977,1978).

11) See his Treatise on Mney, ch. 8, where Keynes discusses index

nunber probl ens and the classical dichotomny.

Chapter 2

1) The observation was nade much earlier, by Fisher (1926).

2) An illustration of this developnent is given in Robert Gordon
(1976, 1977) or in Okun (1981), ch. VI.

3) The references are Phel ps (1967), Friednan (1967,1968), Lucas and
Rappi ng (1969), Phelps et.al. (1970), Lucas (1972,1973,1975), and
Lucas and Prescott (1974).

4) This is described by Friedman in his classic 1968 article:

"But it describes only the initial effects. Because selling prices of
products typically respond to an unanticipated rise in nom nal demand
faster than prices of factors of production, real wages received have
gone down - though real wages anticipated by enpl oyees went up, since
employess inplicitly evaluated the wages offered at the earlier price

level . Indeed, the sinmultaneous fall ex paost in real wages to
enployers and rise ex ante to enployees is what enabled enpl oynent to
increase. But the decline ex past in real wages will soon come to

affect anticipations. Enployees will start to reckon on rising prices
on the things they buy and to demand hi gher nom nal wages for the
future. "Market' unenploynent is below the natural leoel. There is an
excess dermand for |abor so real wages will tend to rise toward their
initial |eoel."

Friedman (1968), p. 10.

5) Note that | have not included the |agged output termAyt 1 in
Lucas' nodel, which gives a *solution" to the persistence problem
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6) For a derivation of this projection, see Sargent (1979), chapter X
7) See Sargent (1979), ch. X1l for details.

8) The result is due to Cukierman (1979).

9) See Cuki erman and Wachtel (1979). They use a fixed-weight price
index (or price level) where the weights are assuned to be snmall on

each narket.

10) The solution for the expected general price level in equilibrium
is obtained by substituting (2.8) into the fixed-weight fornmula for

the general price |level.

Chapter 3

1) For surveys on these relationships, see Fischer (1981b) and
Cuki erman (1983).

2) See Tobin and Brainard (1963), Tobin (1969), Tobin and Buiter
(1976) or N ehans (1978).

3) A general macroeconomic reference is Ckun (1981). See also Tobin
(1982). The literature is closely associated with nodels with
inperfect and costly information and with the formation of inplicit

contracts. See Akerlof (1970), Salop (1973,1978), D.F. Gordon (1974),

W lianson, Wachter, and Harris (1975), Azariadis (1975), Baily
(1978), and Stiglitz (1979) for studies in the |abour market and
Phel ps and Wnter (1970) and Salop and Stiglitz (1977) for the product
market. The effects of multiperiod contracts in the | abour market with
rational expectations has been studied by Fischer (1977) and Tayl or
(1980).

4) The analysis is based on Sheshi nsky and Wi ss (1977).
5 It is easily wunderstood that a continuously changed price with

positive adjustnment costs would | ead to bankruptcy, since adjustnent
costs would be infinite.
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6) This result is conditional on the frequency of price changes
remai ning unaltered. Intuitively one would think that an increased
inflation rate would increase the frequency of price changes. However,
as Sheshi nsky and Wi ss have shown, the effect on the frequency of

price changes in this case is anbi guous.
7) This conclusion was reached by Sheshinsky and Weiss (1977) p. 301:

"According to the analysis, with a constant rate of inflation, prices
will increase on the average at the rate of inflation. Mre
importantly, if the tinming of firas' price adjustments is independent,
then we would observe a variance across products or firas which
increases with the rate of inflation. This inplies that infornational
costs exist even with a steady aggregate rate of inflation."

8) On these enpirical evidence, see Cagan (1974), Coutts, Codley and
Nor dhaus (1978) and Robert Gordon (1975, 1981).

9) See the references in n. 4 above.

10) A typical pricing rule in an environnent with | ow and predictable

inflation woul d be nornal cost pricing at historical costs.

11) Macronpdels with sectorally sticky prices have al so been devel oped
be Schultz (1959) and Tobin (1972).

12)  Again, note the quotation fromFriedman (1975) on p. 7 above,
where the oil price shock is assuned to be wholly acconbdated by

relative price changes.

13) In Deaton (1975) the estimated own-price el asticities of demand
ranged from-0.39 to -0.11 for "Qther fuels" and from-0.74 to -0.51
for "Ruvning costs of nmotor vehicles", depending on the formof the
demand functions.

14) Bordo (1980) finds a simlar relationship due to differences in
the length of contracts. Differences in contract |ength may be caused

by differences in risk or in risk aversion; see Arrow (1971).

15) For an exposition of the nodel, see Edgren, Faxen and Odhner
(1969, 1973) and Aukrust (1970,1977). For a discussion, see Lundberg
(1972) and Pauni o and Hal ttunen (1976).
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16) Again, variables are expressed in |NMs.

17) See the quotation in the Introduction fromthe Ireatise.
Chapter 4

1) See MIls (1927).

2) Cf., conpare with the discussion in Vining and El wertowski (1976)
about the ‘'instability of the general price level". Parks (1978)

interprets this as unanticipated inflation.

3) On the first relationship, (i), see Blejer (1981) and on (iv), see
Ckun (1971), Gordon (1971), Logue and Wllett (1976), Jaffee and
Kl ei man (1977), Foster (1978), Blejer (1979), Engle (1980), and
Fi scher (1981a, b). Bl ej er (1981) found a positive significant
rel ati onshi p between the variance of relative price changes and the
variance of the rate of inflation, hence accepting the hypothesis (i).
The general finding for the hypothesis (iv) is the sane, i.e. a
positive significant relationship between the inflation rate and its
variability, though there are exceptions (see Engle (1980)).

4) See Theil (1967), p. 155.

5) The coefficient of variation is defined as V :t\/p 112 /DPt

6) See Schultz (1959) or Ckun (1975,1981).

7) See equation (14) in Table 4.1.

8) These are Food; Al cohol and tobacco; Housing, fuel and I|ight;
C ot hi ng and f oot war e; Furniture and household equipnent; and

M scel | aneous.

9) See Fisher and Shell (1972) or Muiel |l bauer (1975), for the treatnent
of taste and quality changes in cost-of-1iving index numbers.

10) b is a maxinmumlikelihood estimate, which is conputed in the TSP
statistical package. The estimation nethod is described in Beach and
MacKi nnon (1978).
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11) Note, however, the discussion of the stochastic disturbance terms
in the next chapter, in which we show that the error terns are hon-
normal for highly aggregated data, hence suggesting that OLSis
i nappropriate for Vp?‘

Chapter 5
1)  Though sinple, it inplies a supply function which is hon-linear in
paranmeters and hence |less attractive for estimation purposes.

2) The | abour supply and demand functions could al so have been
formulated in log-linear form which would not have been of inportance
for the argument. The equilibriumwage rate in (5.7) would then have
changed to w:eAEP. In addition, the |Iabour demand function could have
been changed to 1 =13+14 W, which again would not have altered the
argunent. A rationalisation for the fornulation in (5.5) and (5.6) can
be sought in a centralised wage bargaining process. Wat ever
specification is chosen, the resulting | abour market equilibriumwl|I
be characterised by a sinple linear relation between the wage rate and

the expected price level, which is the result we are after.

3) See Cain and Watts (1973), Brown (1980) and Hansson and Stuart
(1983). Hansson and Stuart conpare several studies and conpute a
wei ghted medi an for wonen's and nmen's wage elasticity of approximtely
-0. 10.

4) The anal ysis here essentially follow Varian (1978), ch. 1.

5) Superneutral in this sense is used by Kreinin and O ficer (1978)

and refers to the strong version of the nonetary approach to the

bal ance of paynments, as expressed La. by Johnson (1976).

6) See, e.g., Bruno and Sachs (1982), de Menil and Westphal (1982),
G avazzi et.al. (1982), or Shigehara (1982).

7) These countries are Dennark, Norway, Finland, Holland, Belgium
France, Italy, Switzerland, West  Germany, Geat Britain, uni ted
States, and Japan. In 1979 these countries accounted for about 74 % of

total Swedish exports.
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8) The use of the regression equation based on (5.19) probably did not
change the regression results substantially, since the residuals in

the forner regression equation were extrenely snall.
9) See Lindgren (1976), pp. 158-59 and 193-94.

10) The F-test for the overall significance of a regression equation

is made by conputing the F-ratio

(n-k) R2
(k-1) (1-R2|

which has a F(k-1,n-k) distribution under the null hypothesis that all

the k regression coefficients, except the constant term are zero.
11) See Deaton (1978).
Chapter 6

1)  For a discussion of causality tests and the use and interpretation
of vector autoregressions, see Zellner (1979), Schwert (1979) and Sins
(1979). See also Sinms (1977). For a general reference to tine-series
model s, see Box and Jenkins (1976). For a discussion of tinme-series
models as an alternative to |large-scale econonetric nodels, see Sins
(1980) and for a conparison of the forecasting perfornmance, see Nel son
(1972), Fair (1979) and Litterman (1980).

2) Ashley's findings in the bivariate case, applied to nonthly data
for the United States, is that DP G anger causes VP, but not vice

versa.

3) Sins' argunent is that such restrictions inposed on a VAR are nore
general in its nature, and less arbitrary than the traditional

exogeneity assunptions in orthodox macroecononetric nodels.

4) 1t would have been preferable to use quarterly or nonthly data in a
vector autoregression. However, there is no consistent set of data,
other than annual, for the wvariables included in our nodel. The
Swedish national accounts only provide quarterly data for real
national product, and there was no way in which we could obtain
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quarterly data.

5) It should be noted that we study the causality between DPt and Vpt
intw alternative ways. The first is the informal test, which is done
by sinply | ooking at the deconposition of the variance of forecast
errors in the model, and inspecting the proportions of variance
expl ai ned by own-innovations in the different variables. The second
test is the formal test, based on the Wener-Ganger causality

concepts.

6) These standard errors are based on the assunption that the
estimated parameters equal the true paranmeters. Therefore, the true

forecast error variances are larger than those in Table 6. 2.

7) The latter effect may be due to the bad reflection of oil-prices in

DPW . Wen we repl aced DPWW|th Dp the effects of innovations in
t t

me in 1979 increased, both on VP and DP

u

8) The effects of innovations in DWand DUt on VPt are generally

smal | . In 1977 and 1978, however, there are increases in DVtVdue to
u

innovations in VP . Note also that inflation-innovati ons have been

t
inmportant for DV\t/but the reverse have not been the case.

9) In general, the systemof equations could be reestimted for each
forecast, so that each set of forecasts is based on the information
available at that time. The Kalman filter is a conputationally cheap
met hod for updating the estimates over a forecasting period. (On
Kalman filters, see Phillip Cooper (1973)) Here it is assunmed that the
coefficient vector is not generally tine varying, but follows a random
wal k. Let the systemof equations to be estinmated be y =Xy +u , where
the variance of u is denoted by n . Then, the coeffi éi erJ1[t tvetct or is

with Var(vt)=Mt . The covariance matrix of St-1 is denoted

St-St-1 +v t! o

St-t . Then, -;he updated coefficient vect or is conput ed by
=N +S X'n (y -Xd )] where S =S +M, where Mis set to zero.
tot-t t t ot ot ,t-1 t t-1 ot t

10) See Box and Pierce (1970).
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APPENDI X 1: NOTATI ONS

The notations are listed in the order in which they appear in the
text.
t =tine

y (z) = output in market z

y = relative-price paranmeter in Lucas' nodel

p (z) = price in market z

Et: mat hemat i cal expectation operator

P = general price |evel

I (z) = information set in narket z

xt = demand shift paraneter in Lucas' nodel

st (z) = randomvariable in Lucas' nodel

v (s) = randomvariable in Lucas' nodel

Wt = random variabl e in Lucas' nodel

I-Dt = mean of general price level in Lucas' nodel
Dt2: | ogarithm c difference operator

Ox = variance of general demand shocks in Lucas' nodel

2
o = variance of specific demand shocks in Lucas' nodel
s

0% = variance of the general price level in Lucas' nodel

r = variance of relative prices in Lucas' nodel

Dw = rel ati ve change in wages

Dp T =relative change in prices on traded goods

Dp N = relative change in prices on non-traded goods

Dg T = relative change in productivity in traded goods sector

DQN = relative change in productivity in non-tradede goods sector

aT = val ue- added share of the traded goods sector

aN = val ue- added share of the non-traded goods sector

DP = rate of inflation

Vp = variance of relative-price changes

EDP = expected rate of inflation

i = nomnal rate of interest

V ta = coefficient of variation of relative-price changes

th = variance of relative-price changes for a small nunber of
ag3regate conmodities

Vpt = variance of relative-price changes for a set of constant-quality
comodi ties

u
VWt = wvariance of relative-price changes for a large number of
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comodi ties
EDPE = expected rate of inflation according to extrapolative
expgctations
EDP A = expected rate of inflation according to adaptive expectations
C =tset of constant-quality comodities
log = natural |ogarithm
g, = quantity of a conmodity in market i at tine t
g = output of a representative firm
= quantitiy of |abour used in production of representative fira
m = quantitiy of raw materials used in production of representative
firm
k = fixed capital stock of representative firm

o
1

| abour supply

—
1]

| abour denmand

rt = profit of representative firm

W = wage rate

pn]: price of raw materials
pk = quasi-rent on capita
ed= cost function of representative firm
yt = donesti c noney incone
f . .
y = foreign noney income

DPW = rel ative change in foreign general price |eve

VAth vector autoregression

B(L) = matrix of polynomals in the backward-shift operator L

yt = vector of endogenous variables in VAR

u = vector of residuals in VAR

vtt = vector of orthogonal residuals in VAR

A = matrix of coefficients in noving average representation of a VAR
4S= covariance matrix of residuals in VAR

S

2

triangular matrix used to orthogonalize the residuals in VAR
s = variance of forecast error

| = information set in VAR

DU = rel ative change in unenpl oynent

Q = Box-Pierce statistic

pk = kth lag autocorrel ation
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APPENDLX 2-DATA SQURCES

pp: The annual rate of inflation has been nmeasured by the Swedish
Consuner Price Index. We have used the long-termindex, in which the
budget shares are adjusted at the end of the year. Source: Statistical
Reports, Series P, National Central Bureau of Statistics, Stockholm

Vp: Data for the variability of relative-price changes has been

col | ected from the Swedish Consumer Price Index, on different
aggregation levels (see the text). Source: See DP.

d
Dy : The change in donestic noney incone is neasured by the change in
Swedi sh GNP at market prices. ource: Statistical Reports, Series N,

National Central Bureau of Statistics, Stockholm

DPW The change in foreign prices is neasured as a wei ghted nean of
consumer price indices in 12 countries. The countries are Denmark,

Norway, Finland, Holland, Belgium France, Italy, Switzerland, West
Germany, Great Britain, United States and Japan. In 1979 these
countries accounted for 70 of total Swedish inports. Sources'
Statistical Reports, Series H National Central Bureau of Statistics,
St ockhol m and United Nation: Mnthly Bulletin of Statistics and
Year book of National Accounts Statistics.

f
Dy : The change in foreign noney incone is a weighted mean of changes
in gross national products at market prices in 12 countries. These
countries are the same as above. Saurce: United Nations: Yearbook of

Nati onal Accounts Statistics.

me - The change in raw material prices is the inplicit price index
of the raw material conmponent in the Swedi sh GNP (sum of val ue added).
Source: Statistical Reports, Series N, Appendi ces, Nat i onal Central

Bureau of Statistics, Stockholm

DW. The change in | abour costs is the change in total |abour costs
(wage costs plus different kinds of taxes and social security fees)
di vided by the total number of hours worked. Saurce: See me
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DU The change in the uneploynment rate. For the period 1951-1979 data
come fromthe registered unenpl oyed at the National Labour Exchange
O fices. For the period 1963-1979 data are fromthe Swedi sh Labour
Force Survey (AKU). The latter series is constructed according to
i nternational st andar ds. Since the AKU series is preferred here a
regression of AKU on the other series for the period 1963-1979 was

made and the AKU-series was then sinulated backwards to 1951.
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APPENDI X 3: LIST OE (APPROXIMATFIY) CONSTANT- QUAIITY COMODITIES ER
RELATI VE- PRI CE CHANGE EQUATI ONS

Wheat - f | our

Hul I ed oats

Rusks

Mar gari ne

Eggs

Herrings

Codf i sh

Sal ted herrings

9. Pot at oes

10. Wite cabbage

11. Apples

12. Oranges

13. French pluns

14. Salt

15. CGentleman's suit

16. Pants

17. Socks

18. Wol en yarn

19. Dress naterials, cotton
20. Boots for children

21. Half-soling with heeling
22. Table

23. Peg chairs

24. Arnthairs

25. Bed

26. Light bulb

27. Electric iron

28. Sew ng machi ne

29. China plates

30. Cof f ee-cups

31. d asses

32. Hammer

33. Mattress

34. Toilet soap

35. Tooth paste

36. Razor bl ades

37. Hair-cutting

38. Washing with mangling
39. Newspaper, single copy
40. Weekly nmgazi ne, single copy
41. Cinema ticket

42. Sport conpetition ticket
43. Theatre ticket

44. Housing (rental apartments)

e e A
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APPENDIX 4: EMPIRICAL RESULTS FROM VECTOR AUTOREGRESSION



EQUATI ON 1

DEPENDENT VARI ABLE Vpu
FROM 1951 UNTIL 1979
OBSERVATI ONS 29 DEGREES OF FREEDOM 13

R2 . 83740692 R2 . 64979951
Standard error of the regression .19703370E-02
DURBI N- WATSON 1. 61169989

Q14) = 5.83270 SI GNI FI CANCE LEVEL . 970534
VARI ABLE LAG CCEFFI ClI ENT T- STATI STIC SIGNI F LEVEL
Vpu 1 . 1965 .12 . 482
Vpu 2 . 4344 1.99 . 068
Vpu 3 -. 0437 - 17 . 866
DPW 1 . 0227 2.40 . 032
DPW 2 -.0034 -.25 . 808
DPW 3 .0179 1.30 . 216
DP 1 . 0226 .64 531
DP 2 -.0336 - 77 . 453
DP 3 . 0284 69 . 504
Dw 1 -. 0399 -1.56 142
DW 2 -.0130 -.50 . 622
DW 3 . 0062 26 . 801
DU 1 .0022 77 . 453
DU 2 . 0025 . 88 . 396
DU 3 .0013 49 . 631
CONSTANT 0 . 0045 1.47 167
F- TESTS, DEPENDENT VARI ABLE Vpu Note. Qis the Box-Pierce statistics.
VARI ABLE F- STATI STI C SI GNI F. LEVEL
Vpu 4. 09736 . 2987801E- 01
DPW 2.40099 . 1147138
DP . 39407 . 7594010
DW 1. 33357 .3061492

DU . 70555 . 5655494



EQUATI ON 2

DEPENDENT VARI ABLE DPW
FROM 1951 UNTIL 1979

OBSERVATI ONS 29 DECREES OF FREEDOM 13

R2 . 72487537 R2 .40742388

Standard error of the regression .60442883E-01
DURBI N- WATSON 2. 33918723

Q (14) = 7.32558 SI GNI FI CANCE LEVEL .921431

VARI ABLE LAG COEFFI Cl ENT T-STATISTIC SI GNI F. LEVEL
Vpu 1 -11. 8446 1. 42 179
Vpu 2 12. 4676 1.86 085
Vpu 3 -8.3048 -1.07 1306
DPW 1 7660 2. 64 020
DPW 2 - . 6467 -1.54 147
DPW 3 3791 90 387
DP 1 8369 78 451
DP 2 5603 42 681
DP 3 9074 72 486
DW 1 -.1781 .. 23 823
DW 2 - 6637 .. 84 416
DW 3 .. 3543 .. 48 641
DU 1 -1 0149 - 17 869
DU 2 - 0696 79 443
DU 3 1106 1.34 203

CONSTANT 0 0692 73 477

F- TESTS'" DEPENDENT VARI ABLE DPW Note. Qis the Box-Pierce statistics.

VARI ABLE F-STATISTIC  SIGN F. LEVEL

Vpu 2.79700 ' 8190713E- 01
DPW 3. 27046 '5580083E- 01
DP - 66809 5865034
DW - 58052 6381281

DU . 93512 .4516824



EQUATI ON 3

DEPENDENT VARI ABLE DP
FROM 1951 UNTIL 1979
OBSERVATI ONS 29 DEGREES OF FREEDOM 13

R2 . 79096516 R2 . 54977111
Standard error of the regression .22597841E-01
DURBI N- WATSON 2. 06075244

Q14) = 10.1260 SI GNI FI CANCE LEVEL . 752913
VARI ABLE LAG COEFFI Cl ENT T- STATI STIC SI GNI F.  LEVEL
Vpu 1 -5. 8804 -1.89 . 081
Vpu 2 4.2497 1.70 113
Vpu 3 -2.2060 -.76 . 462
DPW 1 . 3946 3.64 . 003
DPW 2 -.1483 -.94 . 362
DPW 3 . 2828 1.79 . 100
DP 1 . 1339 .33 . 745
DP 2 . 2496 .50 . 625
DP 3 -.3282 -.69 . 501
DW 1 . 0520 .18 . 862
DW 2 -.3843 -.30 . 216
DW 3 . 2165 .78 . 449
DU 1 0377 -1.13 277
DU 2 0230 .70 . 496
DU 3 . 0110 . 36 L7127
CONSTANT 0 0621 1.76 . 102
F- TESTS, DEPENDENT VARI ABLE DP Note. Qis the Box-Pierce statistics.

VARI ABLE F- STATI STI C SI GNI F. LEVEL

Vpu 3. 38023 - 5119422E-01
DPW 5. 54837 .1125937E-01
DP . 23266 . 8719982
DW . 64588 . 5992476

DU . 61442 . 6177065



EQUATI ON 4

DEPENDENT VARI ABLE DW
FROM 1951 UNTIL 1979
CBSERVATI ONS 29 DEGREES OF FREEDOM 13

R2 80363957 R2 57706985
Standard error of the regression .26686164E-01
DURBI N- WATSON 2. 17212060

Q 14) = 14.4697 SI GNI FI CANCE LEVEL . 415339
VARI ABLE LAG COEFFI CI ENT T- STATI STI C SI GNI F. LEVEL
Vpu 1 2.5215 68 1505
Vpu 2 - 3. 3237 -1.23 . 281
Vpu 3 -5.8487_ -1.70 113
DPW 1 . 5108 3.99 . 001
DPW 2 . 2493 1.35 . 201
DPW 3 . 2621 1.40 . 184
DP 1 -.5820 -1.22 243
DP 2 -1.1097 -1.89 . 082
DP 3 5722 1.02 . 325
DW 1 -. 1510 -. 44 . 669
DW 2 . 2815 .81 435
DW 3 -.2167 -.66 . 716
DU 1 . 0146 .37 . 716
DU 2 -. 0575 -1.48 . 162
DU 3 -. 0506 -1.39 . 188
CONSTANT 0 .1623 3.89 .002
F- TESTS,  DEPENDENT VARI ABLE DW Note. Qis the Box-Pierce statistics.
VARI ABLE F- STATI STI C SI GNI F. LEVEL
Vpu 2.63827 .9358116E-01
DPW 6. 44379 . 6569383E- 02
DP 2.06774 . 1540883
DW . 26788 . 8473827

DU 1.61117 . 2348464



EQUATI ON 5

DEPENDENT VARI ABLE DU
FROM 1951 UNTIL 1979
OBSERVATI ONS 29 DEGREES OF FREEDOM 13

R2 . 67211565 R2 . 29378755
St andard error of the regression .17417574
DURBI N- WATSON 2. 43348774

Q(14) = 14.3326 Sl GNI FI CANCE LEVEL . 425238
VARI ABLE LAG COEFFI ClI ENT T- STATI STI C SI GNI F. LEVEL
1 . 7430 .03 976
VQH 2 5. 6820 29 773
Vp 3 14. 1197 .63 540
DPW 1 -.6744 -.81 . 434
DPW 2 -.6432 -.53 . 603
DPW 3 -. 3486 -.28 . 779
DP 1 4. 3428 1.40 . 185
DP 2 -.8834 -.23 . 822
DP 3 0 -6.0369 -1.65 . 122
DW 1 -1.1020 -.49 . 633
DW 2 2.0225 . 89 . 391
DW 3 3. 0346 1.42 . 179
DU 1 -. 0076 .03 . 977
DU 2 -. 2017 -.80 . 440
DU 3 -.4886 -2.05 . 061
CONSTANT 0 -.3118 -1.14 . 273
F-TESTS, DEPENDENT VARI ABLE DU Note. Qis the Box-Pierce statistics.
VARI ABLE F- STATI STI C SI GNI F. LEVEL
Vpu .55114 6562582
DPW . 33601 . 7996000
DP 1.50158 . 2605702
DW 1. 50920 . 2586847

DU 1. 80682 . 1955824
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Fi gure 1.

DPWt

Vpp

Dynam c responses in DPW A Vpt, DPt, DW and
DUt to shock in DPW, 10 periods ahead. Units
are one standard deviation in each regression
equati on.
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AN ot

Figure 2. Dynamc responses in DPW , Vvpt, DPt, DW and
DUt to shock in Vpt, 10 periods ahead. Units
are one standard deviation in each regression
equat i on.
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Vp’tj

Figure 3. Dynamic responses in DPW, Vpt, DPt, DW and
DUt to shock in DPt, 10 periods ahead. Units

are one standard deviation in each regression
equat i on.
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DPW

Fi gure 4.

DP

Dynami c responses in DPW , Vpt, DPt, DW and
DUt to shock in DM, 10 periods ahead. Units
are one standard deviation in each regression
equati on.
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Fi gure 5.

Dynami ¢ responses in DPW , Vpt, DPt, DW and
DUt to shock in DUt, 10 periods ahead. Units
are one standard deviation in each regression
equati on.
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Eigure 10 . Historical deconposition of DU, 1970 - 1979.

& is plotted when two or nore values are the sane, and
the variablas are indicated to the right of the box.

Symbol *: Prediction of DU

Synbol |: Prediction of DU + innovation in DPW
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Tabl e 6. Deconposition of variance of k-step ahead forecast
errors wWith variables orthogonalized in the indicated order

Vari ance
in:

Shock in:

k DPW

DPW

O Ul WN —

[N

O Ul WA —

[N

O U1l W

[N

[

Vp

[N

58
66
66
56
43

38.
57.
53.
43.
32.

o gTWwW N
N
o]

o Gl N —
(2]
N

100. 00
93.
89.
65.
54.

13
36
21
92

92
31
20
18
00

56
44
63
56
21

DP

0

2.98
6.33

19.
27.

41

31.
11.
15.
24.
34.

74

96
51

.08
24.
23.

63
95

82
89
29

70
50

8.87
9.79

36.
46.

.99

57
67

1.18

14.
14.

24
64

.04

. 86
2.95

.09
.60
1.19
5.34

49. 55
26. 94
24.38
20.81
17.12

21.03
20.21
19. 30
10. 46
8. 46

6.55
10. 64
11. 20
5.59
4. 80

.05
05
3.55
4.67

3.18
3.00
7.14
7.39

.32

2.52
2.95
4.58

75.79
67. 86
67.26
43.16
36. 14

.07

1.69
2.06
4.41
571

39.71
24.26
23.12
12.00
8.99
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APPENDI X 5: RESULTS OF CAUSALI I¥Y IESTS

1. Iest of DP=>Vn_ (t-values in parentheses)

3)

Dift =-.000815 - .1984 (Sunt - Sum R2 = .27
(-3.228) (-1.603)

F(2,7) = 6.493 Significance level = .025

Dift =ot(Vp | I - DP) - at(vp | I) and

Sumzot(Vp| | - DP) +0t(Vp‘ |)

b)

Dift = .000248 - .0713 (Sumt - Sum R2 = .16
(2.048) (-1.140)

F(2,7) = 2.747 Significance level = .132

Dift =ot(W | vP) - at(Vvp | Vp,DP) and

sumt =0t (Vp | vp) + 0t (vp | vp,DP)
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2. Iest of Vp=>DP_ (t-values in parentheses)

a)

Dift =.00.3804 - .1641 (Sumt - Sum R2 = CS
(.628) (--.802)

F(2,7) = .519 Significance level = .616

Dift = ot (DPI I - Vp) - at(DPIl) and

Sumt = ot [DPl | - Vp) + at(DPIl).

b)

Dift =.000391 - .1175 (Sumt - Sum R2 = .21
[ 352) (-1.384)

F(2,7) = 1.019 Significance |evel =- .409

Dift = Ot (DPIDP) - at(DPIDP, Vp) and

Sumt = at (DPIDP) + at (DPI DP, VP).
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Abstract

Thi s study anal yses the rel ati onship between inflation and changes in
relative prices. According to “"classical" macroeconomc theory, absolute and
relative prices are independent. In Chapter 2 we refer to Lucas' Phillips curve
model as an exanple of a nmodel in which inflation may affect relative prices if
inflation is unanticipated. Chapter 3 reviews different theories in which a
relationship between inflation and relative prices exists, even if the rate of
inflation is expected. In Chapter 4 a sinple enpirical analysis is carried out, to
conpare to earlier evidence for other countries. The relationship between the
vari ance of relative-price changes (Vp) and expected and unexpected inflation
where inflationary expectations are assuned to be fornmed adaptively, is anal ysed
in regression studies for Swedi sh annual consumer price data for 1951-79. Both
expected and unexpected inflation are found to be significantly related to Vp. In
Chapter 5 a multi-inarket deterninistic equilibriumnodel for an open econony is
devel oped. Though inf] ati onary expectations are nore restricted than in Lucas
model, the nodel here IS nore general in other respects, since it incorporates raw
mat eri al prices, open econony characteristics and all ows unequal supply responses
bet ween inarkets. The expected rate of inflation is added to the npdel and tests
are performed which show that expected and unexpected inflation, as well as raw
materi al prices and foreign demand, significantly affects changes in relative
prices and Vp. The question of causality between these variables is addressed in
Chapter 6, where we use a vector autoregression and apply the Granger causality
concepts in tests of causal order between inflation and Vp. No direct causality
frominflation is found, but the results indicate that jnflation abroad is
important for both these variables and that the oil -price shocks were al so
inportant. Since.inflation has non-neutral effects ort relative prices, even
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