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The Effects of Foreign Inflation on Domestic Prices and the
Relative Price Advantage of Exchange Rate Changes

by

%*
Sung Y. Kwack

Since the exchange rate realignments of major currencies in the
world in the last few years, major industrial countries have experienced
substantially higher-than-average rates of inflation in the 1960's. Conse-
quently, there is considerable interest in the effects of external inflation
on domestic prices. Several studies, notably by Bramson (2] and Clark [4], dis-
cussed the effects on the U. S. trade account of the exchange rate realign-
ment. The common assumption in these studies is that the increase in import
prices relative to domestic prices resulting from a currency depreciation
equals the rate of depreciation. While recognizing the weakness of this
assumption, they, nevertheless, introduced the assumption in the absence of
information on the induced changes in domestic prices,

The purpose of this paper is to test a model of Price determinaton
in an open economy in which we estimate the effects of external prices on
domestic prices and the effects of exchange rates on the relative price
advantage, measured by import prices relative to domestic prices. The main
result of the analysis is that the rate of import price inflation contributes
significantly to the rate of domestic inflation when its indirect effect on
domestic prices, which operates via induced changes in money wage rates, is
taken into account, Consequently, the improvement in the relative price

: 1/
advantage is less than the rate of depreciation,=
!
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Part I of this Paper presents 5 model determining the rate of

Price inflation which explicitly includes the role of import Prices. Ppart

the United States and the major foreign industrial countries. Part III
presents some estimates of the effects on the U. S, and foreign rate of in-

flation and y, g, relative price advantage of a U, S. dollar devaluation,

IV summarizes the main empirical findings,

I. THE MODEL

substitute for domestic goods in consumption. The second is via the in-
fluence on money wage rates, which channel ig described in detail by
Cooper ([5] and (6D).

Our model isg g variant of the wage price model used by Lipsey
and Parkin [19] and in most of empirical studies op the Phillips curve
(Gordon [12], Perry [25] and Phillips [27]). By explicitly taking into
account the two transmissions of foreign price inflation given above, the

model can be hypothesized ag follows:

(1) p = @ + up W+ 24 PZn o q, x> 0, G3- U, ¢4< 0

@ Wep+8, 0l g 50 B2>0, 0,55 1.0
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(3 =M+ A-M 25, 0s<7< 1.0

where P = the rate of change of consumer prices; W = the rate of change of

money wage rates; Pm = the rate of change of import prices; Q = the rate of
change of output; U = the percentage of the labor force unemployed; and

Pe = the expected rate of changes of consumer prices; numeric subscripts
denote lags.

Equation (1) hypothesizes the change in domestic consumer prices
as being related to the change in a markup on unit labor cost and import
prices. The level of markup over average cost of production is postulated
to depend positively on the new orders relative to output levels.g/ Adequate
information is lacking on productivity and new orders. Consequently, we
exclude the two variables from the specification and assume the conétant
term to take care of their role. Thus, the money wage rates, import prices
and output levels are included. The coefficient of import prices, @3,
depends on the degree of the openness of an economy, and the lag effects of
import prices are ignored because the total impact falls within one year.g/
Equation (2) represents the standard Phillips explanation that the change
in money wage rates is dependent upon changes in the reciprocal of unem-
ployment rate and the anticipated rate of inflation. The expected rate of
domestic inflation is defined in (3) as a geometric distributed lag over
currént and past experienced inflation rates. We assume in equation (2)
the coefficient of expected prices, Pq, to be less than unity, based on
empirical evidence as given in Table 2/
The modzl "= = enderi= oo vzriaclzas, =1 razes of chamoy i-

domestic prices and in money wage rates, and four exogenous variables; the



Table 1 -- A Collection of the Estimated Coefficient of Price
Expectation Variables, 53, in Money Wate Rate Equations

Coefficient Country
"Eckstein & Brimmer [9] 0.50 u.s.
Flanagan [10] 0.41-0.42 U.s.
Gordon [12] 0.35-0.47 u.s.
Hirsch [14 0.77 u.s.
deMenil & Enzler [22] 0.57 U.S.
Perry [25] 0.34-0.49 U.s.
Turnovsky & Wachter [33] 0.42-0.49 U.s.
Flanagan [10] 0.41-0.48 U.K.
Goldstein [11] 0.51 U.K.
Lipsey & Parkin [19] 0.48 U.K.
Turnovsky [32] 0.50-0.93 Canada
Toyoda [31] ‘ 0.47 Japan
Modigliani & Tarantelli [23] 0.72-0.88 Italy

Flanagan [10] 0.8 Sweden




unemployment rate, output, import prices and lagged expected prices. We
solve (1) - (3) for the rate of inflation and money wage rates. Since we
are particularly interested in the price level, we write only the equation

determining the rate of price inflation, leaving the wage equation in the

background:

Gy b LML
l1-a830-(1-ML

(@ + a5 By vl + oq P+ @y Q)

where L is the lag operator, Lx = X, for any x. If we further assume
that the rate of anﬁicipated inflation is exactly realized; P = Pe, then

equation (4) becomes:

: -1 ‘m
(S)P-Y1+Y2U +Y3P+Y4Q
The coefficient and signs derived from (1) - (3) are as follows:
Y, " (@) +a, B [ (Lay B3), Yo =g By / (l-oy B3) 20, v3 = a3 / (l-o, 84) >
and Y, = @, / (l-a2 B3)~< 0.

Equation (5) is the price equation when both prices and wage rates
are simultaneously determined by the unemployment rate, the growth rate of
" real output and import prices. If equation (1) is the short-run price
equation in the sense that the money wage rates are taken as exogeneously
given, equation (5) can be interpreted as the long-run equation. O< @y By <1
,1s met because 0 < P45 <1, and 0 < @y < 1 vwhere @y reflects the share of
:1abor inputs in the total value of output (about 0.7 according to Ball and
Duffey [1]). Thus, the ccefficient on import price< in the long-run equation

), ‘(3s 1S larger by the mulzipiier zgcior 1/ (1) «3/ than the coefficient



in the short-rum price equation (;), a3.' In other words the effect of a
rise in import prices on domestic prices will be greater when money wage
rates are permitted to vary in response to domestic inflation. It is also
c¢lear that an increase in import prices produces a less favorable trade-off

between the unemployment rate and the rate of price inflation in the context
of our model where the unemployment rate is treated exogeneously.

II. EMPIRICAL RESULTS

For an empirical test of the model, the world is divided into
the United States and the non-United States., The non-United States, which
may be called tﬁe foreign country, comprised the following 12 industrial
countries: Austria, Belgium, Canada, Denmark, Finland, Italy, Japan, the
Netherlands, Norway, Sweden, United Kingdom, and West Germany. A limited
number of the countries published quarterly data, particularly on unemploy-
ment rates. Since the formation of EEC in 1959, trade aﬁong industrial
nations has become freer, leading to more integrated world markets. Our
empirical analysis is based on equation (5) and annual observations ([15]
and [34]) for the period 1959-1971 for the reasons given above. -

Prices and the unemployment rate of the non-United States are
assumed to be unweighted averages of the corresponding variables for the
12 individual countries. This type of aggregation gives the same weight
to each country and assumes that measures of the variables are compatible
with each other. The differences in measurement are known to be great,
particularly as regards unemployment rates. Thus, the empirical results
based on the aggregated data are subject to an aggregation bias and the
need for further refincﬁﬂnt.él Neverth:less, the emnirical results are

considered to be useiul by showing the applicability of the model in



explaining the interdependence of prices in the world and by providing
estimates on the effects of external prices on domestic prices..

Table 2 contains the estimated equations for the United States
and the non-United States. All the coefficients are significant at the
5% level and have the expected signs. The overall fit, measured by i? and
SEE, is reasonably good, although there is some autocorrelation in the
residuals, as indicated by the DW values. The coefficients of the inverse
of the U. S. unemployment rate in (6) and (7) are larger than those of the
inverse of the non-U. S. unemployment rate in (8) and (9). For instance,
the U, S. coefficient in (6), 0.185, is three times larger than the foreign
coefficient in (8), 0.051.é/ One possible reason for this may be a higher
mobility of foreign laborers within and among occupations in response to
tightness in the labor market, The difference between the two coefficients
suggests that the United States incurs a higher level of inflation in order
to reduce a given level of unemployment than the foreign country. That is
to say, a reduction in U. S. unemployment is more costly in terms of in-
flation, whereas a reduction in foreign inflation is more painful in terms
of unemployment rate.

Let us turn to the coefficients of the import price inflation
variables. As stated above, they are significant variables. To supple-
ment the t-test, we perform an F-test to see whether the exclusion of
import price inflation variables greatly reduces the explanatory power.
‘Equations (7) and (9) are those obtained when the coefficient of the import
‘price variable in each equation is constrained to be zero. The F valﬁes
cemputed from bo:thr {€) and (7) for th: UaisL! States and that from (8) and

(9) for the non-United States are, respectively, 5.4 and 36.0.1/
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- The eritical value of F statistic with 1 and 9 degrees of freedom is 4.8 at

the 57 level of significance, Hence, the rate of import price inflation

rate.
Table 2 - Regression Equations, 1959-71
L) -1 -m .
FEY+U0 T +yyp +v, Q
Equation -2
Number Y1 Y Y3 Y4 R SEE DW
United (6) -0.012 0.185 0.313 -0.139 0.782 0.008 1,567
States (1.06) (3.34) (2.65) (.191)
(7) -0.013 0.244 =0.265 0.650 0.010 1.349
(0.96) (3.78) (3.78)
Non-United (8) - 0.026 0.051 0.371 =0.231 0.897 0.004 2.299
States (2.88) (2.93) (6.81) (3.81)
9 0.021 0.082 -0.278 0.430 0.010 0.626
(0.99) (2.06) (1.96)

Notes: 1. Dpata sources are [15] and [34]. Price and industrial production in-
dices are based on 1963=100, whereas unemployment rate is in per cent,

2. é = log (P/P(-1), ém = log (Pm/Pm(-l)), and é = log (Q/Q(-1)) are used

in estimation,

=2
3. Figures in Parentheses are t-statistics; R” and Dy are, respectively,

the percentage of variance explained corrected for degree of freedom

and the Durbin-Watson statistic, SEE stands for the standard error of

the estimate,

The coefficients of the U. S. and foreign import price variables,

Y.

3

close to the estimate of Cooper ([6], P.499), 0.42, obtained by the cross-

» 8T2 estimated to be 0,31 :rg 0.37, v:vmmpeie g T gitinzates are

section regression for 19 countries whose currencies were devalued during

~—~ . .

. — —.



the period 1959-1966. Our estimates suggest that on the average U. S. prices
rise by a réte of about 0.3 point of the rise in U. S. import price inflation,
when the U, S. unemployment rate and output level are taken as given. On
the other hand, foreign prices increase by a rate of about 0.4 point of the
increase in its import price inflation. Using information in Table 1, the
multiplier factor, 1/(1-a2B3), is as a first approximation assumed to be
about 2.5. Then we derive from the estimates given above that the U. S.

and foreign structural coefficients @q in (1), are 0.12 and 0.15, res-
pectively. The derived structural coefficient of'the U. S. import price
variable, 0.12, is higher than an indicator for the openness of an economy
measured by the average ratio of imports to gross national product, (about
0.066 for the United States during the sample period). As pointed out in
detail by Harberger [13], the indicator excludes the effects of a change

in import prices on the prices of both export-and import-type commodities
produced and consumed at home, thereby resulting in the under-estimation

of the openness, While our estimates are not definitive, they are not

8/
likely to be greatly out of line.™

III. EXCHANGE RATE AND RELATIVE DOMESTICE PRICES

As we have found above, a rise in import prices is expected to in-
duce a substantial increase in the domestic prices of the importing country.
Further, it seems reasonable that a positive association exists between the
export prices of a country and its domestic prices. In this case, what is

’interesting is the effects on domestic, foreign, and relative prices.caused
by a changz in the e fco: - weCRERge Tdee wodich D3 possca through to tie

prices 'of traded goods.gl
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To tackle the above question with our results, one assumption needs
to be added regarding the relationship between import prices and the exchange
rates and domestic prices of an exporting country. Under the standard condi-
tions of negatively-sloping demand and positively-sloping supply schedule,
the rate of change in import prices in the currency units of an importing
country depends positively on the price elasticities of demand and supply,
the Tate of change in the domestic prices of the exporting country, and the
exchange rate. The exchange rate and domestic prices are regarded as factors
shifting the demand and supply schedules%g/ To avoid overcomplication of
the analysis, we assume that a change in the domestic prices of the exporting
country shifts the supply curve by the same degree as a change in the ex-
change rate. With this assumption and using the derivation of Branson([2],
p.21), the relationship between import prices and the exchange rate is
given:

(10) é?'ki(;:". l.’j), 0<k =6,/(6, - €;) =1,

i SR
where Pi = rate of change of import prices of ith country in domestic

currency units; é = rate of change of the exchange rate (units of ith
domestic currency per'unit of the currency of jth exporting country);
éj = rate of change of domesticAprices of jth exporting country in its
own currency; e; ® own price elasticity of ith import demand, € <0, and
Gj = own price elasticity of jth supply, ej > 0. By definition, k; lies
between 0 and 1 because 0 < €§ < =2 and 0 < Sj < =,

'Let d and f be the United States and the non-United States and
let (10) for i, j = d, f, be introduced into the estimated equations of

unemployment rates and real outputs ror the sarsple period are expressed

by



-11-

(11) Pd = 0.02 + 0.313 kq(E + Pg)
(12) P¢ = 0.03 + 0,371 kf(Pd - E).

Now, we solve (11) and (12) to express U.S. and foreign inflations

and U.S. relative price advantage, I, as a function of the exchange
11
rate and two parameters, ky and ke = 11/

. 0.02 + 0.313 k;(1 - 0.371 ke)E | 3Py >0, de <0

(13) By = (1 - 0.116 k; kp) dky dkg

. 0.03 - 0,371 kf(1 - 0.313 ky)E , apf dP
(14) P - >0, £ <o.

o Q.01+ (1-0.313 ky)(1 - 0.371 kp)E , o _ 0, gg_‘< 0,
(15) 1 = (1 - 0.116 kykp) dkg dkeg

where, since the relative Price advantage of the United States is
the ratio of U.S. import prices over U.S. domestic prices, I = P¢E/Pq,
its rate of change, ﬁ = éf + é’- ;d'

As expected except for the trivial case kg = kg = 0, a devaluation
of the U.S. dollar against foreign currencies results in an increase
in the U.S. prices which is less than the rate of devaluation.
Similarly, the revaluation leads to a decrease in foreign prices
less than the rate of revaluation. Accordingly, an improvement in
the U.S. relative price advantage by a given level of the devaluation
is less than the rate of devaluation. When the price elasticities
of imports demanded are more elastic and the elasticities of imports
supplied are more inelastic, ky and k¢ are smaller, thereby resulting
in a larger improvement in the relative price advanrtace,

Civen the [. .s5ill: values of ?d 204 Kgy equ tiens (13) - (15)

indicate that the ranges of the per unit devaluation effect are
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o< l;d = 0.31, -0.37 < !.’f < 0, and 0.1.4»9 < I'IS 1. Table 2 reports

the values of ﬁ, and the average value of ﬁ computed by the frequency
distribution given in the table is about 0.7. This may suggest,

on the average, that a one percentage point devaluation would improve
the U.S. relative price advantage by 0.7 point., If the value of

ky is assumed to be 0.8, the average I! implies that ke is 0.2.12/
In this case, a one percentage devaluation ultimately increases the

U.S. prices by 0.2 point and decreases the foreign prices by 0.1

percentage point,

Table 2 -- U.S. Relative Price Change to Percentage Devaluation

\ kE
kg 0 0.2 0.4 0.6 0.8 1.0
0 1.0 0.93 0.85 0.78 0.70 0.63
0.2 0.9 0.87 0.81 0.74 0.67 0.60
0.4 0.88 0.82 0.76 0.70 0.64 0.58
0.6 0.81 0.76 0.71 0.66 0.60 0.55
0.8 0.75 0.71 0.66 0.62 0.57 0.52
1.0 0.69 0.65 0.61 0.57 0.53 0.49

The values with k¢ = 0 are identical to E - Py computed from

(6), whereas the values with kg = 0 are E + P¢ computed from

(8).
IV, SUMMARY

domestic inflation on import price inflation,

for the United Sitcic: und the f{urci_: industrial countries seem to

This paper presents a simple model showing the dependence of

The empirical estimates
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confirm the prediction of the model, especially with regard to the
importance of import prices in influencing domestic prices. 1In
addition, this paper provides a framework from which the effects
on domestic prices of a change in exchaage rates are computed,
taking account of induced changes in money wage rates and foreign
prices,

Two main empirical results emerge., First, a one percentage
p;int increase in the rate of U.S. and foreign import price inflation
results in abouﬁ 0.3 point rise of the U.S. prices and 0.4 point
rise of the foreign prices, respectively, holding the unemployment
rate and rate of increase of output constant. These estimates
include the effects of rises in money wage rates induced by the
increase in import prices. The rate of domestic inflation is measured
here by the prices of consumer goods. Second, a one percentage point
devaluation of the dollar would raise, on the average, U.S. prices
by a rate of 0.2 percentage point, and the foreign prices would be
reduced by 0.1 percentage point, allowing the simultaneous inter-
dependence of domestic prices and the exchange rate. Consequently,
the change in the U.S. relative price advantage from the devaluation
is estimated here to be about 707 of the rate of devaluation. This
suggests that the estimates of the improvement of the U.S. trade
balance due to a dollar devaluation will be over-sgated, if they

are made with the assumption that the rate of change of the U.S.

relative price advantage equals the rate of devaluation,
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Finally, the estimates and inferences are highly tentative for
the reason note& earlier. The response of domestic prices to
external inflaticn and the resultant changes in relative price
advantages should be seen more clearly and accurately when equations
are estimated at a finer level of aggregation in terms of country

and industry.
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FOOTNOTES

*The author is an economist, Division of International Finance,
of the Board of Governors of the Federal Reserve System, He is
particularly indebted to Peter Clark, Gary Fromm, Mary Hook, Lawrence
Klein, Norman Miller, Guy Stevens, and Thomas Willett for very
helpful comments and suggestions, and to Bruce Katcher for skillful
assistance. The views expressed are those of the author and do not
necessarily reflect those of the Federal Reserve System,

1. Bramson ([2], pp. 20-22) recognized this explicitly, Shields
and Willett [29] discussed the proposition that currency depreciation
is inflationary and listed articles contributed to the discussion
on the subject. '

2. de Menil ([21], pp. 3-5) and Gordon ([12], pp. 126-129)
discussed in detail the determinants of markup levels. Both preferred
detrended capacity output levels to actual levels of output and
production,

3. Lipsey and Parkin [19] found the lag length to be one

' quarter, whereas Goldstein [11] found it to be three quarters,
Perhaps, a one year lag could be tried when equations are fitted
with annual observations,

4. 1If the coefficient is unity and if, in addition, actual
and expected inflation are equal, i.e., T = 1 in (3), an inverse
relationship between real wage rates and unemp loyment rates still
exists. However, the relationship no longer represents the trade-off
relationship between unemployment and inflation. For discussion
on the subject, see Laidler [18] and Phelps [26].

5. Spitdller [30] reported that the estimated coefficients
of import prices, ¥, are 0.22 - 0,35, using annual data 1955-1969,
for the four countries: Austria, Japan, Netherlands, and U.K. The
estimate of non-U.5. import price coefficient reported here is atout
0.37, which seems to be the same range of his estimates, considering
closer linkage of prices in the world in more recent years,

6. Spitdller {30] and Flanagan [10] reported the similar
conclusion.

7. The formula used in computing an F-test is F = (N - My) (SSR, - s:it
SSRo where N = the number of observations, M, = the number of parametars
to be estimated without constraints, SSR1 = sum of squared residuals
with constraints, and SSR, = sum of squared residuals without constraints.
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8. William Nordaus presented at a Federal Reserve seminar
that the structural contribution of U.S. import prices to the changes
in U.S. wholesale prices during the period from November 1972 to
April 1973 is found to be @3 = 0.14, based on the input-output
coefficients estimated in 1963,

9. The definition of pass-through is given by Branson ([2],
P. 20), namely the degree of absorbing the change in exchange rates
on foreign sales. On the other hand, Magee [20] analyzed the pass-
through problem for the very short period following a devaluation.
For more information, see Magee [20] and Branson [2].

10, The exchange rate change in Branson (121, p. 21) is
equivalent here to the domestic price change and exchange rate
variation. The constancy of domestic prices in *he currency of the
exporting country leads to Branson's formula. The relationship
given is the relationship which holds after shifting demand and
supply schedules. We ncte that domestic prices are not export
prices of exporting countries.

11, The impact of increases in export demand on prices are
not included.

12, Branson ([2], p. 22) seems to be in favor of kg = 0.7 - 0.8,
whereas Clark ([4], pp. 14-15) found kq = 0.35 - 0.45 for 1971-72.
If kg = 0.8 is first fixed and the average value of [ is computed
on the basis of ky = 0.8 line in Table 2, the average value of I
is 0.6 and kg turns out to be 0.6.
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