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The Effects of Recent Exchange Rate Changes on the U.S. Trade Balance®

Peter B. Clark

As a result of the multilateral exchange rate changes that took
place between the first quarter of 1971 and the second quarter of 1973,
the dollar depreciated on a trade-weighted basis by about fourteen
percent.1 This paper presents some estimates of the change in the value
of U.S. merchandise imports and exXports over this nine-quarter period
that may be ascribed to these adjustments in exchange rates. In the
first section of the paper an attempt is made to calculate the rise in
the dollar prices of U.S. imports and exports brought about by the
depreciation of the dollar. The second secﬁion then gives the results
of estimating import and export price elasticities of demand. Finally,
in the third section the calculated price increases and import and
export demand elésticities are combined to yield estimates of the impact
of the dollar depreciation on the U.S. trade balance, quartef by quarter,
between 19711 - 1973II.

This paper is frankly in the partial equilibrium mold.2 The one
step in the direction of a general equilibrium analysis is the calcu-
jation of the impact of the dollar depreciation on the prices of U.S.
imports and exports. However, the induced effects of exchange rate
changes on domestic prices, both in the United States and abroad, are
not measured and thus are impiicitly assumed to be zero.3 Similarly,
the real income effects of the dollar depreciation are also ignored.
Since the induced responses in the levels of domestic prices and real

income may partially or fully offset the jnternational price advantage
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for U.S. imports and exports brought about by the exchange rate changes,
the estimates set forth here provide an upper bound for the full
mutatis mutandis effects of the depreciation of the dollar during
1971-1973."
1. Effects of Exchange Rate Changes on the Prices of y.S. Imports

and Exports

For a country that looms 2as large in world trade as the United States,
it is unlikely that the domestic—-currencys, i.e., U.S. dollar, prices
of its imports and exports would rise by the full amount of a«epre-
ciation of the dollar. A knowledge of supply elasticiﬁies would, together
with demand-elasticities, enable one to compute the percentage change
in U.S. import and export prices associated with any given dollar
devaluation. The estimation of such supply elasticities 1s, however,
notoriously difficult.s First of all, in the case of trade in finished
manufactures, the assumption of perfectly competitive conditions re-
quired to derive a supply curve is itself questionable. And second, for
those classes of goods, €.8e«» agricultural commodities, whose prices
are determined in highly competitive markets, the proper specification .
- of supply conditions requires extensive institutional knowledge that
the author lacks.

For these reasons the following'expedient has been adopted in this
paper: U.S. imports and exports have been dichotomized on the basis
of the degree of competition in the market in which they are bought and
sold. On th; one hand, there areé commo&ities that have gtandard char-

acteristics and are traded on organized jnternational commodity markets.
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Arbitrage tends to make the prices of these goods in different countries
differ by no more than the exchange rate and freight, insurance and
interest charges. Such arbitrage is not perfect, hﬁwever, because of
tariffs, quotas, and special arrangements such as the Common Market's
variable levies on agricultural imports. Nevertheless, for these
commodities the periectly competitive model is a good approximation,

so that the impact of the multilateral exchange rate changes during 1971~
1973 on the numeraire (in this case, the dollar) price of these commo=
dities can be calculated from knowledge of the magnitude of the exchange
rate changes and on the basis of assumptions regarding supply .and demand
elasticities. On the other hand, there are commodities that are not
homogeneous, being characterized by substantial product differentiation.
These goods are not traded on organized markets, and sellers have a
substantial degree of discretion in setting prices. Since for these
commodities the assumptions of perfect competition do not hold, the
impact of the deprec%a;ion of the dollar on their prices is estimated

by using an alternative pricing assumption.

A. Multilateral Exchange Rate Effects om Dollar Prices of Traded
Goods Under Perfectly Competitive Conditions

The approach adoptgd here is an application of the methodology
suggested in a recent paper by Ridler and Yandle [1972) and described
by Yandle in his contribution to this volume.6 They show that under
conditions of perfect competition'the effect of a multilateral exchange
rate realignment on the numeraire price of an internationall&—traded

commodity depends on the shifts in each country's export supply and

import demand in response to the change in its exchange rate vis-a-vis
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the numeraire currency. This result is derived here in a somewhat more
general context.

Consider the total demand (D) and total supply (s) for a particular
coimodity where there are E_couﬂtries in the world. Abstracting from

all other factors affecting demand and supply except the world market

price, and assuning constant demand and supply elasticities, we have:

n n bi
) S = ingi = iglai(RiP) ‘ ay > 0, bi > 0.
(2) D= ingi = i__‘z‘élci(RiP) ey > 0, di < 0. ,
where

. . . .th
Ri = price of the numeralre currency in terms of the 1 country's
currency

P = price of the cormodity in termsS of the numeraire currencye.
To determine the percentage change in the numeraire price in response
to multilateral exchange rate changes, set D=5 and take total differ-
entials, thereby obtaining:
dR

i n
'ﬁ'i')/(iglbisi - D~

n dR, n
%3=(.de X _ 1.b

() i1 11 Ri i=l isi

Thus the change in the numeraire price of the commodity is seen to
depen& on supply and demand responses induced by the exchange rate
adjustments.

Alternatively, the change in the numeraire price can be expressed
in terms of export supply and impbrt demand elasticities. In this
context of homogeneous goods, exports (Xj) represent "oxcess' domestic
supply, i.e« the difference between total domestic supply (Sj) and

total domestic demand (Dj):



=5

(& Xj = Sj -D where the index i_refers to exporting countries.
Similarly, imports (Mi) represent 'excess domestic demand:
(5) Mi = Di - Si where the index i.refersvto importing countries.

Since by definition:

(6) m Egid -S—i—b
i Mi i Mi i
) X s-s-lb -Eld
i X A XJj
where
m, = import elasticity of demand
xj = export elasticity of supply, ‘

it follows that the percentage change in the numeraire price can also
be expressed in terms of these two parameters and the quantities im-

‘ported and exported:

e B @&, k dR, Kk h
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where éhere are h importers and k exporters, and h + k < n. For empirical
applications equation (8) is more useful than equation (3) because data
are more readily available for the exports and imports of commodities
than for the total amount produced and consumed domestically. The only
drawback to using equation (8) is that, strictly speaking, it is valid
only at a point, since m, and xj are thémselves functions of the exchange
rate.

The expression given by equation (8) can be used directly to compute

the change in the numeraire price of an individual commodity brought
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about by the exchange rate adjustmenés of many countries. However, for
the purpose of analyzing the effects on the entire trade account of an
exchange rate realignment, it is necessary to consider broad aggregates
of commodities and measure the weighted average of the changes in the
prices of thé individual commodities making up the aggregate. Using

the share of the individual commodity in the aggregate as the weight

for that commodity greatly simplifies the computation. Thus the weighted
average, oYA}ndex, of price changes in a class of K commodities, repre-

sented by %2 , is given by:

& K dP,
© b T
J
where
M X
S R §
wj n X and
,th .
Mj = total world imports of j commodity
X. = total world exports of jth commodity
J K K
M = .glM. =X=_.L.X., i.e., total world imports of the K commo=

=L 3513 dities equals total world exports of the

same commodities.

1f one had estimates of the import demand and export supply elas-
ticities for each of the K commodities, then one could use this infor-
mation, together with data on imports, exports and exchange réte changes,
to compute the weighted average price.change. However, for the broad
aggregates conéidered-here, which include thousands of individual
commodities, such information is not availaﬁle. Therefore the simplifying
assumption was made that the import demand elasticity (m) is the same

for all commodities in the aggregate and for all countries, and similarly
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for the export supply elasticity (x).7 ‘On the basis of these assumptions
it can be shown that the weighted average of the percentage changes in

the individual commodities 1is given by:

A n omM, xX, dR,
(10) <L S A
P 121" (x-m)M (x-m)M Ri ¢
where
Mi = total imports of country i of the K commodities included in
the aggregate
Xi = total exports of country i of the K commodities included in

the aggregate.

Thus the expression given by equation (10) is in fact a weightéd
average of exchange rate changes, where the weights depend on the import
demand and export‘supply elasticities as well as the couﬁtry's share in
world imports and exports of the class of commodities in question.

Equation (10) was used to compute the impact of the 1971-1973
exchange rate changes on the dollar prices of three broad classes of
commodities. These classes were dictated by the type of disaggregation
used for the estimation of import and export price elasticities of demand
described in the next section. There are tﬁo classes on the side of
. U.S. imports: foods, feeds and beverages, and industrial materials and
supplies (less fuels and lubricants), and one class of U.S. exports,
namely agricultural exports. It is clearly the case that not all of the
items in these classes are.homogeneous goods traded on international
commodity markets linked by arbitrage. Nevertheless, the model of com-
petitive markets should provide a faifly good approximation of the
manner in which the prices of the commodities respond to exchange rate

changes.
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In using equation (10) the dollar was taken to be the numeraire
currency and therefore exchange rates were measured in local currency
units per dollar, with the first quarter of 1971 taken as the base
period. Ideally, one would like to have total world imports (or exports)
of the classes of commodities in question and include all countries in
the sémple. gince such data are ﬁot readily available, the sub-sample
provided by OECD countries was used instead. Thus the larger of total
OECD imports OT exports for each class of commodities was used as a
proxy for the world total.8 In the absence of precise estimates for
the import demand and export supply elasticities, a range of values for
these parameters was used.9 The results of using equation (10), together
with the elasticities assumed to obtain these results, are given in
Table 1.

The results in Table 1 depend heavily on the assumption that the
commodities in each category are traded under highly competitive con=
ditions. Only under this assumption will countries' supply and demand
for the commodities respond automatically to exchange rate changes.
Since for some commodities there are few sellers, and there are in faét
barriers between markets in individual countries, such as quotas, ex-
change control and special marketing arrangements such as the Common
Market's variable levy on agricultural imports, the results in Table 1
may overstate the increase in the dollar prices of these commodities
resulting from the exchange rate realignments that took place between
19711 -~ 1973II. Another reason why these price rises may be overstated

is that the sample of countries is 1imited to members of the OECD, and
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thus it leaves out a large number of countries that devalued relative
to the United States during this period. While the results in Table 1
may therefore err on the high side, they are nevertheless considerably
lower than the fourteen percent trade-weighted devaluation of the dollar
between 19711 and 197311.10

~ The figures reported in Table 1 are for the percentage changes in
spot prices. Because of delivery delays, forward exchange cormitments
and 19ng-term contracts, however,_the value of current-quarter imports
and exports will be less a reflection of current—quarter spot prices
than spot prices in previous periods. As 2 rough correction for these
lags it was assumed that current—quarter U.S. imports ana exports (for
the commodity class in question) reflect the dollar price that occurs
in the previous quarter. Thus for the results reported in section III,
which gives the combined price and quantity effects of the devaluation,
the figures in Table 1 were lagged one quarter.

B. Exchange Rate Effects on the Dollar Prices of U.S. Imports and
Exports Under Imperfectly Competitive Conditions

Not all commodities that enter the U.S. trade account have their
_prices determined under highly competitive market conditions. Many
finished manufactures are differentiated products and are not sold on
organized markets. 1f there are few sellers of the commodities exported
and imported by the United States, then .the producers of these goods
will have considerable discretion in setting prices. In fact, there is
some direct evidence (see Dunn [1970]) that exporting firms are able

to administer the prices of traded goods. Furthermore, the occurrence

of dumpihg implies that firms have the ability to discriminate between
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domestic ﬁnd foreign markets. Finally, sﬁch discriﬁination is congsistent
with the large discrepancy that is observed between the change in export
prices and in wholesale prices in those countries that revalued by
significant amounts against the dollar between 1971 and 1973.

One approach to this price-setting behavior is to formulate a profit-—
maximizing model .of a discriminating monopolist that takes account of
the ability of the seller to segment the domestic from the foreign, i.e.,
export market. One such model was developed in a previous version of
this paper.ll It unfortunately involves the difficulty that it does not lead
to an explicit expression for the export pricé in terms of all the ex-~
ogenous variables in the model. In addition, it implies that if demand
elasticities are constant, the relationship between the domestic price
and the price charged to foreign buyers for the same commodity will also
be constant, which, as noted above, does not appear to have been the
case during the recent period of exchange rate adjustments.

Therefore instead of pursuing this explicit profit-maximizing avenue,
a more heuristic approach based on the notion of a markup equation has
been adopted here. The basic idea is that price, P, represents some

"markup over standard unit input costs:

a1 p = y@LC + mC)
where
vy = markup factor, where y > 1
ULCN = gtandard unit labor costs
UMCN = standard unit materials costs.

The price is set by the firm so as to cover all costs of production,

e e s nmp—g p AECTAIRS T T
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including capital costs, which are included in Y. It is also assumed
that the firm does not adjust its price to every change in actual costs,
but rather responds only to changes in "gtandard," i.e., long-run OT
expected unit input costs.

Even though the firm can set its price, it need not therefore be
impervious to demand conditions. In particular, for a firm that sells
the same or similar goods both to domestic residents and to foreigners,
the markup on goods sold abroad would tend to reflect both foreign and
domestic demand conditions. By raising the price charged to buy%?s
abroad in the face of increased foreign demand, the firm can directly
increase its profits. The firm may also vary its markup on exports, and
hence its export price, in response to an increase in domestic demand
for the good. The markup on the exported commodity can therefore be

represented by:

(12) Y= f (K, CUd, CUf, PCf)
where
K. = capital costs
CUd = domestic capacity utilization rate
CUf = foreign capacity utilization rate
PCf = the price of foreign goods that compete with the export good.

In equation (12) the markup factor Yaries positively in response
to changes in the arguments in the function. The capacity utilization
variables are proxies for domestic and foreign demand conditions. The
competitive price variable, PCf, is designed to take account of shifts

in foreign demand caused by changes id the prices of goods that compete
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with the export commodity. In particular, it is assumed that the exportcd
commodity is an imperfect substitute for, and therefore competes with,
the exports of other countries. This competitive price variable has
two components: an exchange rate term, R, and the price of competitive
exports expressed in foreign currency, PXf, since PCf is defined as
PCf =R PXf. A depreciation of fhe exporter's currency, for example,
will raise R and thereby shift demand to the exporter because of the
rise in competitors' prices (expressed in the exporter's currency). The
exporter can therefore increase his profits by raising his markup and
therefore his price. The competitive price variable thus provides the
1ink between exchange rate changes and export prices.13

Combining equations (11) and (12) and assuming that capital costs,
K, are constant, P can be expressed as a log-linear function of the
following explanatory variables:
(13) In P = a, + oy In CU, + o, 1n CU, + g 1n PCf

+ ah In ULCN + as in UMCN .

The log-linear form has two justifications. The theoretical rationale

i{s that in the absence of constant returns to scale, explicit profit-
maximizing models indicate that the price depends on both cost and demand
factors in a non-linear manner.14 From the pragmatic viewpoint the
log-linear form makes it possible to decompose the PCf term into its

two components and estimate the sepdrate influence of each on the export

price.

e gy N Y SRS T TR T e WSSO T A SR T g

T ety



—14=-
1. Impact of the Dollar Depreciation on the Price of U.S.
Exports of Manufactured Goods

A modified version of equatiomn (13) was used to estimate the extent
to which the dollar prices of U.S. exporté of manufactured goods rose
as a result of the effective depreciation of the dollar during 1971-1973.
First, the ULCN variable was separated into compensation per man-hour (W)
and output per man-hour (OMH) in order to take account of the possibility
that firms may respond differently to changes in the two components in
unit labor costsS. The second modification involves the specification
of standard unit input costs. Four—-quarter moving averages werelused
as proxies for standard W, OMH and UMC in initial estimates of equation
(13), but the statistical results were somewhat inferior to those obtained
using the actual values of the regressors. Therefore, these actgal values
were used in the results reported here.

In estimating equation (13) P was represented by 2 weighted average
of the unit value indexes for U.S. exports of semi-manufactures and
finished manufactures, the weights being the relative éroportion of
these two exports in 1965-1966. Since P is expressed in dollars, the
.competitive price term, PCf, was also expressed in dollars. This var-
iable was constructed as a weighted average of seven countriesY (Belgium,
Canada, France, Cermany, Japan, Nethgrlands, and United Kingdom) unit
value or price indeies for exports of manufactured products, with shares
of exports of manufactures in 1965-1966 as weights.15 These same weights
were used to construct a weighted average of the aggregate Wharton
capacity utilization indexes of the same seven c¢ountries, CUf. A similar

index, CUd, was used for the United States. W and OMH were for the
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total U.S. manufacturing sector.
wholesale price index for crude
seasonally-adjusted index number
appendix.

The foreign capacity utiliz

insignificant and therefore does

Finally, UMC was approximated by the
materials less food. All variables are

s. Data sources are given in the

ation variable, CUf, was consistently

not appear in the results, reported in

Table 2, which are based on quarterly observations over the period

19631 - 1973ITI. A second degree polynomial distributed lag over six

quarters and constrained to zero at both ends was used for the wage rate,

W. A second degree polynomial distributed lag over four quarters and

constrained to zero only at the

far end was used for output per man-hour,

OMH. Both variables are significant and have reasonable coefficients.

The U.S. capacity utilization variable lagged one quarter, CUt_l; has

a significant coefficient, indic
goods vary their prices to forei
pressures in the United States.
cost lagged one period, UMCt-l’
export price.

The results in Table 2 indi

ating that U.S. exporters of manufactured
gn buyers in response to overall demand
Finally, the proxy for unit materials

also has a significant influence on the

cate that prices of U.S. manufactured

. exports do not respond positively to ijncreases in the prices of compe~

titive exports, PCf. In regress

ion 1 the current value of PCf has a

negative sign, and in regression 2 the.sum of the coefficients of a

second degree, four-quarter polynomial distributed lag constrained at

the far end also has a negative

variable was detomposed into a w

e v— g r———— e TYRRR SR e

sign. In regressions 3 and 4 the PCf

eighted average exchange rate term, R,
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and a weiéhted average of competitive export prices expressed in foreign
currency, Pxf.16 The current values of these variables enter in re-
gression 3, and in regression 4 they enter with the same distributed lag
used for PCf in regression 2. Since the exchange rate variable--which
increased by 22 percent between 19711 and 1973I1--has a negative coeffi-
cient, the results in Table 2 are ﬁot consistent with the hypothesis
that U.S. exporters of manufactured goods raised their dollar prices to
foreign buyers as a result of the recent depreciation of the dollar.17
This result will be used in section III in computing the change in the
value of U.S. exports of manufactured goods that can be attributed to

the exchange rate adjustments between 1971 and 1973.

2. 1Impact of the Dollar Depreciation on the Prices of U.S.
Imports of Finished Manufactures

All that remains is to estimate the effect of the 1971-1973 adjust-
ments in exchange rates on the dollar prices of U.S. imports of finished
manufactures, which include capital goods, consumer durables and non-
durables, and imports of automobiles and parts other than from Canada.
The methodology described in the previous seétion can be used to obtain
an estimate of this effect. It is first necessary to note that the
dollar import price, PM, is jdentically equal to the exchange rate, Rf,
times the. foreign export price, PXf:

(14) PM = Rf . PXf.
In the preceding section it was argued that a country's export price
for manufactured goods will be a funcgion of its exchange rate. There-

fore in order to estimate the impact of the dollar depreciation on the

price of U.S, imports of finished manufactures, one must calcuiate the
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extent to which foreign exporters adjust the foreign—currency prices,
PXf, of the goods they ship to the United States.18

One can proceed in either of two ways. One can measure the impact
of Rg on PXf and then use (14) to calculate the effect on PM. Alter-
natively, one can substitute the variables determining PXf, which include
R, directly into (14) and estimate the effect of Rf on PM in one step.
In the absence of measurement and specification errors the two methods
would yield identical results. However, since such errors are present,
both éstimates have been made.

One approach to estimating the impact of Rf on PXf would be to
calculate for each country exporting to the United States the effect of
the change in its exchange rate on its own export price. The change in
the U.S. import price could then be computed as a weighted average of
these export price changes. This disaggregated approach would allow
for differences in the response to exchange rate changes across countries.
For simplicity, however, an aggregative approach was used instead. This
involved estimating an equation using a weighted average of foreign
countries' export prices as the dependent variable. The same variables
.used in this equation were then substituted into (14), where PM is the
dependent variable, to obtain a second estimate of the rise in U.S.
import prices of finished manufactures resulting from the dollar depre-
ciation.

In the initial estimation involving PXf as the dependent variable
a modified version of equation (13) was used:

(15) in PXf = BO + Bl 1n Cﬁus'+ 62 In CU; + 83 1In UVM¢

+ Bh 1n Wf + BS 1n Rf + B6t + €

AU SRS R SERETEC A S et

e e+ L s ——— TR

b A5, T



-19-

where

PXf = weighted average of export prices or unit values for manu-
factured goods, expressed in local currency.

CUUS = Wharton aggregate capacity utilization index.

CUf = weighted average of Wharton aggregate capacity utilization
indexes. :

UVMf = weighted average of overall import unit value indexes.

Wf = weighted average of wage rates in the manufacturing sector.

Rf = weighted average of exchange rates (dollars per unit of
foreign currency).

t = linear time trend.

€ = disturbance term. g

The weighted averages include the same seﬁen countriés used to
construct PCf. Here the weights are the shares in U.S. imports of fin-
ished manufactures in 1965-1966. The overall import unit value index
was used as a proxy.for the cost of inputs of raw materials in these
countries. A time trend, t, was used as a proxy for increases in output
per worker. In this aggregate export price equation there is no obvious

competitive export price similar to PCf in equation (13). Ome possi-

.bility would have been to use the U.S. unit value series for exports

of manufactured goods. This would put one in the anomalous pgsition
of explaining the U.S. import price with its export price. Rather than
include the U.S. export price, an exchange rate variable was retained
in order to measure the impact of the depreciation of the dollar on
foreign export prices.

In the initial estimation of equation (15) the proxy for U.S.

demand pressure, CUUS, was consistently insignificant. In addition,

) I
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the UVMf variable had an unrezsonably high coefficient, which probably

reflects the fact that the components of PX_ make up a large proportion

f
of UVM,., Therefore in the results reported in Table 3 both CUUS and

f
UVMf were dropped from the regression equations. Seasonally-adjusted
quarterly data from 19641 to 19721V or 197311 were used in these
regressions.

Regression 1 in Table 3 shows that the current value of Rf has the
correct (negative) sign, but the estimated coefficient is small (-.11)
and is not significant at the .05 level. However, in regression %, Rf
was entered as a six-quarter second degree polynomial distributed lag
constrained to zero at the far end. The individual lag coefficients and
their standard errors are given in Table 4. The sum of the lag coeffi-
cients is =.32, indicating that a 1% depreciation of the dollar against
the seven countries whose currencies are included in Rf results in a
cumulative =.32% decline in manufactured goods' export prices of these
same couﬁtries. This decline in foreign export prices implies a long-
run increase in dollar import prices, or pass—through of the exchange
rate change, of .68%.

In both regressions 1 and 2 foreign cost conditions are represented
by wage rates in manufacturing and a time trend. As an alternative to
measuring costs directly, a weighted average of foreign wholesale prices
of manufactured goods, WPIf,'was used as a proxy for the total costs of
producing the exported good.19 In regressions 3 and 4 in Table 3 WPIf

has been substituted for W_ and the time trend. In regression 3 the

f

current value of Rf was entered, whereas in regression 4 a five-quarter

o R e e PR s e e p. . e e e . s A A= T TS ST e
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polynomial distributed 1lag constrained to zero at the far end was used
for Rf. It is reassuring that the estimates of the effect of a dollar
depreciation on foreign manufactured goods' export prices (-.082 using
the cPrrent Rf and -.30 for the long-run effect) are very close to those
obtained in regressions 1 and 2, indicating that these estimates are

not highly sensitive to the manner in which foreign costs are measured.

Table 4

Distributed Lag of Ezchange Rate on U;S. Import and
Foreign Export Manufactured Goods Unit Values

Dependent Current
Variable Quarter t-1 t-2 t-3 t-4 t-=5
PXf -.83 -.073 -.062 -.048 -.034 -.018
(regression 2) (-2.28) (-4.07) (~4.66) (-2.9) (-1.97) (-1.51)
PXf -.045 -.069 -.077 -.068 -.042
(regression 4) (-1.39) (~4.50) (-4.00) (-3.07) (-2.63)
PM A1 . ,093 .076 .055 .030
(regression 6) (.83) (1.68) (2.04) (1.21) (.84) (.65)
PM 20 14 .10 ,056 .026

(regression 8) alow) (678 (2.37) (1.00)  (.57)
-

The estimated increase in the dollar prices of U.S. imports of
-finished manufactures is roughly seventy percent when 2 weighted average
of foreién export prices is the dependent variablie. 1f the variables
used to explain Pxf are substituted into equation (14), however, the
estimate for the pass—through obtained from the resulting equation is
somewhat loweT. The equations underlying regressions 1-4 in Table 3 are:

82 BA g B t

_ 56
(16a) PXf = SOCUf Wf Rf e £
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B, B B
o 2 Bs P17
(16b) th = BOCUf Rf WPIE €

Substituting these expressions for PXf into equation (14) gives:

82 84 l+65 B()te

(17a) M = ;socuf We R¢
82 1+8 87
(17b) PM = socuf Rg WPIE €.

Equations (17a) and (17b) were estimated in log-lincar form and the
results are given in regressions 5-8 in Table 3. The distributed lag
coefficients and their standard errors appear in Table 4. Since
-1 < BS < 0, the coefficient of Rf in these regressions, 1+85, should
be less than unity but greater than zero. It therefore provi@es a direct
estimate of the effect of a devaluation of the dollar on the prices (as
represented by a unit value index) of U.S. imports of finished manufactures.
Regressions 6 and 8 indicate that the long-run, i.e., five or si}; quarter,
impact is about fifty percent of the weighted average change in the
dollar exchange rate.

_Thus the estimated increase in the prices of imported finished manu-
factures is somewhat lower when equations (17a) and (17b) are used
instead of (16a) and (16b). One reason for this discrepancy may be that
.foreign exporters discriminate between the United States and othef export
" markets in terms of the export price that is charged to foreién purchasers.
In other words, an exporter may reduce the price of his own currency
by a greater amount for U.S. buyers, since over the 1971-1973 period the
dollar depreciated to a greater extent than all other currencies except
the pound. Buyers in other countries may receive a smaller reduction

in price. Thus the change in the export .price or unit value index,
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expressed in the exporter's currency, would not properly measure the
fall in price to U.S. buyers because it is a weighted average of export-
price changes to many different countries. These considerations argue
in favor of using the results from the régressions where the unit value
index for imports of finished manufactures appears as the dependent
variable. Therefore the distributed lag results for the pass—through
obtained from regressions in Table 3 with PM as the dependent variable
were used in the calculation of the impact of the dollar devaluation on
the quantity and value of imports of finished manufactures.
II. Estimation of the Responsiveness of U.S. Imports and Exports to

Exchange Rate Changes

In this section regression analysis is used to obtain estimates of
the price or exchange rate responsiveness for five categories in the U.S.
trade account. On the import side regressions are estimated for finished
manufactures, foods, feeds, and beverages, and industrial materials and
supplies (exclusive of fuels and jubricants). On the export side, because
unit values indexes are not available before 1967 on an end-use breakdown,
regressions were estimated for two broad categories of commodities,
namely, agricultural and non-agricultural goods.

A. Finished Manufactures

For both imports and exports estimates of price elasticities were
obtained by the common procedure of explaining a real trade flow in
terms of an aggregate activity variable and the ratio of the price of
imports to the price of domestic substitutes. Following Marston {19711,

for imports of finished manufactures the activity variable was decomposed

.
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into trend and cyclical components in order to allow the response in

imports to vary depending on the extent to which the activity variable
. 21 , .

differs from its trend value. The basic equation for imports of fin-

ished manufactures is given by:

™ _ 1 @ (1+T)PH,"3
ap,  Beagm e/ Tpr )Y
Us
where:
™ = impdrts of finished manufactures, seasonally adjusted
annual rate
P = unit value index for finished manufactures, not seasonally
adjusted '
Y = real GNP, seasonally adjusted annqal rate, 1963$
g4 = trend value of real GNP, computed by fitting an exponential
time trend to the series and using the predicted value from
the regression equation
T = tariff rate on jmports of finished manufactures
WPIUS = U.S. wholesale price of manufactured goods, not seasonally
adjusted
v = disturbance term.

Equation (18) was transformed into log-linear form and estimated
over the period 19631 - 197311. Four dummy variables were added to take
account of dock strikes and the closing of the Suez Canal. Current
values of Y and Y/TY were used, whereas a distributed lag was used for
the relative price variablé. The results are given in regression 1 of
Table 5.

What is noteworthy about this eqﬁation is the very high long-run
price elasticity of -4.72, which is the sum of the lag coefficients.

In this regression the relative price term was entered as @ second degree,




-26-

620"

L20°

as

*0'0 03 1enbs 198 a1om wa - 1d

.ﬁwﬁwﬂom&m meBHmnuo mmmﬁc.ﬂ mHHHhomH ,ﬂcm HHN@@H utf O..ﬁ = .NQ nmuﬂmo.ﬂu ._...mcmo zong I0% .hEE,Dv = qQ

+1zL6T UT 0" 1— PUe AITL6T UF 0°1 <111TL6T uF ¢ - = €d :ayFa3s Moop TL6T 103 Luunp = €d
116961 UF 0°1— PU® 16967 Ut 0°T = 2d :o3F13S o0P 6961 103 Lump = 20
116961 UT 01— PUE 1¢961 ur 0°T = 1d toyTa3s 0P G961 103 fwmp = 1d (€)

-soqetaes 959Ul 103 squaToT33acd 8T 9U3d 30 uns 2yl 10J e S101I3 piepueis pue sqU2TOT3I3I20D .
-sorqeTieA I3Y3o TIE 103 s3eTl poInqFIAISTP 1etuwoukyod pue AL/A pue AL 203 pasn aie SINTEA quaaany  (2)
«JuaTOFIF00 YOE® mot13q gasoyauaaed UT uaAld 2ae §07315TIE3IS ~- 3 1)

$5930N

(0c-)(rz 1AL ) (6L7 ) (et (1sT0) (Lg*z-) (LL°T7) (96°5-) (1L°€=) (70" 1)
o'z 966° 0OL°T— LO7¥= T~ £9°1- 09°¢ cory  TL0°- §S0Tm  TClTT LLo°-  6°CL. 4
S0y an
Jran P o @D
(19°8-) (6701) (6°2L) (19°7-) (00°€-) ANo.o|VA~o.qlv (5°L9-)
0z°¢  L66’ Lo 06" 1 core  160°- ws0'- ST 9L0°- 61T 1
sn
na ¥ Ldn ! 2
A R - (D (R1/3) AL 4a €a a 1@ 3ueIsuod suoFss2I139Y

(11€L6T — 1€96T)

soanioeInueil PAUSTURL yo s3jzoduy 103 suofssaidayh

¢ °19el



-27-

20-quarter polynomial distributed lag constrained to zero at both ends.
Estimates using shorter lags (16 and 12 quarters) gave lower long-run
elasticities and slightly lower iz's. This particular polynonial dis-
tributed lag generates a symmetrical inverted "U" shaped lag distribution
with a minimum response in the current and 20th quarters of -0.061 and

' a maximum response of =0.337 in the 10th and 1lth quarters. Such leng
lags in the adjustment of trade flows to relative price changes have been
found by Hutton and Minford [1972] and Junz and Rhomberg [1973].

Tﬁis estimated price elasticity for imports of finished manufactures,
together with the estimated response of PM to exchange rate chaeges
described in the previous section, can be used to obtain-an estimate of
the impact of a depreciation of the dollar on this category of imports.
Alternatively, such an estimate can be obtained directly by substituting
the expression for PM given by either equation (17a) or (17b) into
equation (18). The resulting reduced-form expression for imports of
finished manufactures will then include the exchange rate variable, Rf.
Substituting (17b) into (18), for example, and taking logarithms of both
sides gives:

: FM %3
(19) in (gﬁ) = 1n(aOB0 )+ulln(TY)+a21n(Y/TY)+a31n[(1+T)/WPIUS]
+ a3621ﬁ(CUf)+ﬁ3(1+85)ln(Rf)+a3B7ln(WPIf)+lnea3+ln(V).

In estimating equation (19) the total length of the lag for the
variables other than TY and Y/TY is eqﬁal to the sum of the length of

the lag of that variable in (17b) plus the 20~-quarter lag for the relative

price variable in equation (18) . Thus (1+T)/WPIUS has a 20-quarter

- ST g - s
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lag, CUg @ 21-quarter lag, and Rf and WPIf both have a 25-gquarter lag.
A second degree polynomial constrained at both ends was used for these
four variables. The empirical results were, however, far inferior to
those reported for regression 1 in Table 5: the estimated coefficients
for TYhand WPl were unreasonably high (8.90 and -14.21 respectively),
and the coefficient for Rf had the wrong sign. An altermative regression
was estimated with éll four variables entered with the same 20-quarter
polynomial distributed lag, and these results are reported in regression
2 in Table 5. The overall explanatory power of the equation is aboutb
the same as regression 1. However, except for the dummy vqriable;: the
estimated coefficients have much larger standard errors. The coefficients
of all three of the variables used to explain the unit value index for
finished manufactures'have the correct sign but are not significant at
the .05 level. The lack of precision in these estimates is probably due
to multicollinearity in the explanatory variables. Therefore the esti-
mated relative price coefficient in regression 1 was enployed in calcu~-
lating the exchange rate impact on U.S. imports'of finished manufactures.

It is nevertheless interesting to note that the estimated coefficient
of Rf in regression 2 is less than the coefficient estimated for PM in
regressiod 1. As a comparison of equations (18) and (19) shows, this
result is consistent with the ﬁheoretical specification that
\a3‘ > \u3(1+85){.

In using an exchange rate variable directly in an import (or export)

regression equation it is therefore not the case that the coefficient

of this variable is necessarily the same as coefficient for the inmport

e e 8 T S T ST e e
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price variable (PM). The coefficicnts will be equal only if one sub-
stitutes the right-hand side of the identity, PM = Rf . PXf, for PM in
equation (18)., 1In this case one would indeed expect that the estimated
coefficients for Rf and PXf would be the same as that for PM, namely Gqe
However, if one substitutes the determinants of Pxf into (18) and thereby
obtgins equation (19), it is apparent that the coefficient of Rf is now
less than Cge The reason is that in (19) the induced reduction in PXf
caused by a depreﬁiation of the dollar is taken into account in the 85
term that enters the coefficient of Rf.

Thus whether the estimated effect of an exchange rate change on
imports is the same as that brought about by a variation 4in import prices
depends on whether the foreign export price appears in the equation.

If it does appear as a separate variable, one obtains an estimate of the

exchange rate impact on imports based on the ceteris paribus assumption

of unchanged foreign export prices. If, on the other hand, the variables
determining the foreign export price (in particular, the exchange rate)
appear in the equation, one will obtain a lower estimate of the exchange-rate
effect on imports because the induced response (in an offsetting direction)
in the foreign export price caused by the exchange rate change is taken
into account.

B. Industrial Materials and Supplies

The following equation was used to explain imports of industrial

materials and supplies exclusive of fuels and lubricants:

Qa a
™S _ 1. (1+T)UVIMS . %2
(20) wos - % Fwmr )
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where:

IMS = total imports of industrial materials and supplies minus
imports of fuels and lubricants, seasonally adjusted
annual rates

T = tariff rate on IMS

UVIMS = unit value index for total imports of industrial materials
and supplies, seasonally adjusted

IPI = aggregate Federal Roserve industrial production index,
seasonally adjusted

WPIM = wholesale price index of industrial materials, seasonally

' adjusted '
€ = disturbance term

*

Equation (20) was estimated in log-linear form over the period
19661 - 1973II. Data limitations precluded a longer sample. Dummy var-
iables were added for dock strikes and the closing of the Suez Canal.

No lag was used for IPI, whereas a second degree, eight quarter polynomial

(1+T) -UVIMS

distributed lag constrained to zero at both ends was used for I .

Because the initial estimates indicated significant autocorrelation in
the residuals, the final results reported below were estimated using the
Hildreth-Lu procedure. The estimated value of the autocorrelation

poefficient was 0.50.

UVIMS =2
Constant D2 D3 D4 IPIt WPIM R SE
-2.00 -0.122 -0.079 -0.075 .96 -1.25 0.889 0.0430

(-1.47) (-5.32) (-=3.83) (-2.07) (3.31) (-2.26)

The long-run price elasticity, which is the sum of the lag coeffi-

. cients, is equal to ~1.25. The lag distribution is a symmetrical inverted

. e e e e AT T Lt cablcon 2ai d
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"U" shaped pattern with a response of -0.0836 in the current and eighth
quarters, and response equal to -0.209 in the fourth and fifth quarters.
The equation was initially estimated with IPI decomposed into trend and
cyclical components. This approach yielded a positive price elasticity
and consequently it was abandoned.

C. Foods, Feeds and Beverages

The following equation was used to estimate the price coefficient

for imports of foods, feeds and beverages:

FFB al a (13
——— 1+T) *
(21) STB = agiD [14T)-UVFFB] 2DDFFB e
where: ‘
FFB = imports of foods, feeds and beverages, seasonally adjusted

annual rates

UVFFB = unit value index for foods, feeds and beverages, seasonally
adjusted

YD = real personal disposable income, defined as personal dis-
posable income divided by the deflator for personal con-

sumption expenditures

T' = tariff rate on FFB

DDFFB = deflator for personal consumption expenditures on foods,

feeds and beverages, seasonally adjusted
€ = disturbance term
Dummy variables were added to take account of dock strikes. The
dummy variable for the Sue? Canal closure was found to be insignificant
and consequently was excluded in the final results reported below. In
the initial estimation both the trend value of YD and the ratio of YD
to its trend value were included as explanatory variables. Since the

latter proved to be insignificant, both variables were répluced with the

AR AR 43 S g e s e,
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actual value of YD. Since there was some indication that the responsc
to a price change differed depending on whether the price variable was

domestic or foreign, UVFFB and DDFFB were entered separately. Each

price variable was estimated using a second degree, six quarter polynomial

distributed lag constrained to zero at the far end. The equation was
estimated in log-linear form over the period 19601 - 1973II with the

following results:

Constant D1 D2 D3 YDt (1+T)UVFTB DDFFB .iz DW SE
' o
=4,24 .11 =14 =19 .38 -1.14 1.85 .897 .66 .052
(-9.90) (-3.07) (-3.91) (5.33) (2.76) (-3.86) (5.54)
The distributed lag coefficients and standard errors are:
Current t-1 t-2 t-3 t=4 t=5
(1+T)UVFFB -.28 -.26 -.22 -.18 -.13 -.069
(-1.86) (-3.49) (-3.42) (-2.16) (-1.54) (-1.22)
DDFFB .61 47 .34 .23 14 .063

(1.81) (3.53) (4.39) (1.68) (.91) (.57

D. Non-Agricultural Exports
On the export side an end-use breakdown was not used, as was the

case with imports, because unit value series are not available on this

. basis. Rather, the series constructed by Parrish and Dilullo [1972] was

used instead. This series includes all non-agricultural exports with
the exception of automotive products shipped to Canada and aircraft.

- Also excluded are military shipments. Finally, the series was adjusted

to exclude the effects of major industrial and dock strikes and certain

other disturbances.
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For exports of non—-agricultural goods the same procedure was
adopted as in the case of imports of finished manufactures: an equaticn
was first estimated with a relative price term and then re—estimated
using an explicit exchange rate variable. The following gquation was

used to estimate the coefficient of the relative price term:

a

o a
NX _ 1.2, UVNX | 3
(22) VR =~ aOFIP CUf (Rf'PXf) v
where:

NX = value of U.S. non-agricultural exports, seasonally adjusted
annual rates.

UVNX = unit value index for non-agricultural exports, not geason-
ally adjusted.

FIP = weighted average of the seasonally adjusted industrial pro-
duction indexes for Canada, Japan, the United Kingdom and
continental Western Europe, the weights being the annual
shares of these areas in U.S. exports. This index, together
with NX, was taken from Parrish and Dilullo [1972].

Cu = weighted average of foreign capacity utilization variables.

f

R.+PX, = weighted average of foreign export unit values converted
£ 28
. to dollar terms.

v = disturbance term.

In initial estimates of equation (22), which was transformed into
log-linear form, the FIP variable was decomposed into trend and ecyclical
components, However, it was found that the actual level of FIP gave a
better statistical fit when it was combined with CUf as the foreign
cyclical demand variable. Initial estimates of (22) also indicated
considerable autocorrelation in the residuals, and consequently. this

equation was estimated over the period 19601 - 197311 using the

SO 4
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Cochrane-Orcutt transformation. The estimated value of the autocorrelation

coefficient in the following regression was 0.340:

UVNX -2
Constant FIPt (CUf)t_l- X PX R SE
f f
~-2,02 1.03 0.933 -0.906 0.980 0.022
(-1.78) (22,0) (4.51) (-4,.61)

Inlthis regression the currentAvalue of FIP was entered whereas the
lagged value of CUf was used., The relative price term was entere{ with
a éecond degree, 12 quarter polynomial distributed lag constrained to
zero at both ends. Longer or shorter lags gave a somewhat loweriiz.
This particular lag structure yields a symmetrical inverted "U" shaped
distribution with the lag coefficient equal to -0.030 in the first and
twelfth quarters and equal to =0.105 in the sixth and seventh quarters.25

In order to estimate a direct exchange rate effect on non-agricul-
tqral exports one should take into account the impact of'a dollar devalu-
ation on both the dollar price of U.S. manufactured exports, UVNX, as
well as the induced response in the foreign currency price of foreign
goods that compete with U.S. exports, Pxf. The results reported above
‘in Table 2, however, indicate that prices of U.S. exports of manufactured
goods do not rise as a result of a dollar devaluation. There is there-
fore no need to substitute for UVNX in equation (22). The possibility
remains, however, that foreign exporters may reduce the prices of those

commcdities that compete with U.S. exports, since a devaluation of the

“dollar lowers the foreign currency cost of these exports. To take account
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of the possibility that PXf may be a function of Rf, equation (16b) was
used to substitute for PXf in equation (22). Expressing the resulting
equation in log-linear form gives:

NX ~%3
(23) ln(ﬁﬁﬁi) = 1n(a080 ) + alln(FIP)+(a2 - a382)1n(CUf)+a31n(UNVK)

-Q

3
+ a3871n(WPI)f+(1+85)a31n(Rf)+1n(v)+1n(€ ).

Equation (23) was estimated with CUf, UVNX, WPIf and Rf all entering
with the same 12-quarter polynomial distributed lag used for the relative
price ferm in equation (22). The results were quite poor, most of these
four variables having the wrong sign. Equation (23) was then constrained
in two ways. First, 82 was assumed to be zero and therefore CU{ entered
with only a one period lag, as in equation (22). Second; since we know
from Table 3 that 87 is close to 1.0, UVNX and FWP were combined -in ratio

form. These changes gave the following empirical results:

UVNX =2
Constant FIP (CUf)t—l ﬁifz Rf ' R SE
=2.,45 0.880 0.907 -0.633 -0.875 0.990 0.021
(-1.71) (40.4) (4.49) (-2.17) (-3.00)

Initial estimates of equation (23) indicated autocorrelated residuals
and therefore the Cochrane-Orcutt transformation was used to obtain the
above results. The estimated value for the autocorrelation coefficient
was .38. In these results Rf was expressed in foreign currency units
per dollar and therefore its estimated coefficient has the proper (negative)
sign. The coefficients reported for UVNX/WPIf and R kare the sum of the

f
lag coefficients, and again the shape of the lag distribution was a
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12-quarter symmetrical inverted "U". The estimated coefficient for Rf,
-0.875, is essentially the same as that for the relative price term in
equation (22), -0.903, so that the implied value of 85 is zero. This
means -~hat foreign exporters competing with U.S. exporters do not cut
their prices in response to the lower foreign currency prices of U.S.
exports éaused by the devaluation of the dollar. This behavior is not
necessarily inconsistent with the results reported in Table 3 which show
that 85 ranges between .3 and .5; in the former case it is the price-
behavior of substitute goods that is relevant, whereas in the latrer case
“
it is the same good that is involved.26 In other words, a dollar deval-
uvation may cause exporters in other countries to reduce the foreign
currency pricés of the goods they ship to the United States, but it need
not induce them to lower the prices of those commodities that are sub-
étitutes for U.S. exports.

The finding that the estimated coefficient for the exchange rate
term is essentially the same as that estimated for UVNX in the regression
explaining the qﬁantity of U.S. exports is consistent with the earlier
finding that the dollar prices of U.S. exports of manufactured goods do
not increase as a result of a devaluation of the dollar. This implies
that the foreign currency pfices of U.S. exports fall by the full amount
of the devaluation since there is no offset in the form of higher dollar
prices.

E. Agricultural Exports

The following equation was used to estimate the price responsive-

ness of agricultural exports:
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o a
FX  _ 1 UVFX, %2
(24) TR aOTFY (FF?_) “v
where:
FX = value of agricultural exports, seasonally adjusted annual

rates, and adjusted for dock strikes and other disturbances;
from Parrish and Dilullo [1972].

UVFX = unit value index for agricultural exports, seasonally adjusted;
constructed by taking a weighted average of the unit values
for crude foods and manufactured foods, with the average shares
of these two components over 1965-1966 used as weights.

TFY = trend value of the weighted average of seasonally adjusted
real GNP of Canada, Germany, Japan, and the U.K., with weights
equal to shares in U.S. agricultural exports in 1965-1966;
trend value equal to fitted value from an exponential time
trend.

L

FPF = weighted average of seven countries' (Canada, France, Germany,
Italy, Japan, Netherlands and U.K.) consumer price indices
for food, seasonally adjusted, with weights equal to shares
in U.S. agricultural exports in 1965-1966, and converted
into dollars.

v = disturbance term.

This equation was estimated over 1959III - 19721V using the current

values of both explanatory variables. Experiments with a polynomial

.

distributed lag on the relative price term were unsuccessful in obtaining
a negative coefficient. Since the initial estimates indicated severe
autocorrelation, the equation was estimated using a Hildreth-Lu trans-

formation. The estimated autocorrelation coefficient in the results

given below was 0.700.

UVFX =2

Constant TFY (fﬁf—) R SE |
0.58 0.25 -0.38 0.89 0.048
(0.82) (1.68) (-1.32)

Botﬁ coefficients are only marginally significant and the results must

therefore be considered highly tentative.
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III. Exchange Rate Effects on the U.S. Trade Balance: 197111 - 197311

Table 6 presents the calculated effects of exchange rate adjustments
between 1971II and 197311 on the current and constant dollar trade flows
for the five categories of U.S. imports and exports considered in this
paper. The figures in this table are based on the computations in the
previous two sections.

Looking first at imports of finished manufactures, the impact of
the depreciation of the dollar on this category of imports was computed
in two steps. First, the effect of the dollar depreciation on the unit
value index for imports of finished manufactures was coyputed Jsing the
estimated coefficients from regression 8 in Tables 3 and 4. In this
computation the exchange rate variable, Rf, was held constant at its
19711 value. This estimate of what the unit value index for finished
manufactures would have been in the absence of a devaluation was then
combined with the distributed lag coefficients that were estimated for
the rélative price term in equation (18). This calculation, reported in
column 1 of Table 6, provides an estimate of the decline in real imports
(expressed in 1963 dollars) that can be attributed to the depreciation
‘of the dollar between 1971II - 1973II on the assumption that domestic

- prices and incomes are fixed. The fairly modest figure of only a $920
million reduction in imports by 1973I1 reflects both the very
long 20-quarter lag for real imports té adjust and the 5-quarter lag
for the full pass—through to occur, as well as the fact that the estimated

pass-through is only 50 percent. The long lag in the adjustment of real

imports to relative price changes also causes imports of finished
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manufactures in current dollars to increase as a result of the dollar
depreciation, as seen in column 2. This initial perverse effect simply
reflects the fact that the increase in the dollar price of imported
finished manufactures was not offset by a reduction in the quantity
imported during the period covered by Table 6.

In computing the effects of the exchange rate adjustments on the
other two categories of imports, use was made of the results given in
Table 1. The figures in columns 3-6 of Table 6 were computed on the
basis of the price effects that were generated using the mid-poipt esti-
mates of the supply and demand elasticities, i.e.; column 2, in Table l.27
Because demand is inelastic in the short run for both foods, feeds, and
beverages énd ijndustrial materials and supplies, the reduction in the
quantities imported is outweighted by the rise in the dollar priées of
these imports, so that their dollar value has risen as a result of the
depreciation of the dollar. Since the long-run elasticities for these
imports exceed unity in absolute value, the depreciation (in this partial
equilibrium context) will ultimately reduce the value of the goods
imported.

A similar calculation was performed to obtain estimates of the
devaluation effects on U.S. exports of agricultural goods. The price
effects reported in column 2 of Table 1. were combined with the estimated
price elasticity in equation (24) to yield the results reported in
columns 9 and 10 in Table 6. As can be seen from a comparison of these
two columns, thé fairly large improvement in this sector of the trade

balance is due mainly to the increase in the dollar prices of these

exports, part of which was trought about by the depreciation.
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The increase in non—agricultural exports was compufed by setting
the exchange rate in equation (22) equal to its value in 19711 and then
using the estimated lag coefficients of aq to calculaté the increase in
this category of imports., Since the evidence in Table 2 suggests that
export prices of manufactured goods did not rise as a result of the
depreciation of the dollar, the increase in the value of non—-agricultural
exports reported in column 8 (over and above that due to the increase
in quantity) is due solely to the rise in prices caused by factors other
than exchange rate changes.

The figures at the bottom of Table 6 show the average valu% of the
trade flows (in current and constant dollars) for the five categories
of imports and exports between 1971II and 1973II. These figures are pro-
vided in order to facilitate comparison between the exchange rate effect
in each category and the absolute magnitude of trade in that category.
They show that in real terms the greatest percentage improvement occurred
in imports of finished manufactures, whereas in current dollars the
largest percentage gain was in agricultural exports.

The combined effects for the five categories of imports and exports
are reported in columns 11 and 12. The improvement in the "real" trade
balance was not sufficient to overcome the perverse effect of the higher
dollar import prices, so that the time path of the response in the
trade balance to a devaluation looks something like a "J" curve. How-
ever, the dip in the early part of the "J" is very modest indeed,
reaching a maximum of only -$200 million in 1972I1. This small deter-

{oration reflects both the slow rate at which dollar prices of imports

. ——
RN TS T 4 A W e T e - A
J o wetAw A T T g T A e m can. e T

- A N g %



42—

have been estimated to increase in response to a devaluation as well as
the fact that the estimated long-run passthrough for imports of finished
manufactures is only about 50%. Thus it appears unlikely that the U.S.
trade account suffered dramatically as avresult of transitory negative
effect of the 1971-1973 exchange rate realignments. And after this
perverse phase had run its course, there is an improvement that reaches
$2 billion (seasonally adjusted annual rate) in the trade balance in the
second quarter of 1973. This figure represents the cumulative impact

of the.exchange rate adjustments bétween 197111 and 197311 on th? trade
balance in 1973II.

The estimate for the "J" curve in the U.S. trade balance in Table 6
is quite different from the "J" curve for the U.K. trade balance obtained
by simulation of the London Business School Model of the United Kingdcm
as described in Ball et al. [1972]. Using this model, the trade balance
effect of the November 1967 devaluation is estimated as:

1967 1968 | 1969
Change in U.K. QIV QI QII QIII QIV QI QII QIII QIV
trade balance .
(million current b, =128 =204 =228 -128 40 128 172 196 208

seasonally adjusted
-annual rate)

The initial deterioration in the tradg balance in the first two quarters
of 1968 was about equal to the eventual improvement that occurred by

the fourth quarter of 1969. The primary reason for the accentuated U.K.
"J" and the shallow U.S. "J" is that the prices of imports

appear to have adjusted much faster to exchange rate adjustments in the

United Kingdom.
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In bﬁth absolute and relative terms; however, the trade balance
response in the United Kingdom was quite small. This is evident when
the above figures are compared with k6,400 million in merchandise exports
and 7,100 million in merchandise imports in 1968. There was a large
improvement in exports (k1,044 million, S.A.A.R., in 1969Q4), but this
wasﬁsffset to a great extent by a significant rise in the value of
imports (%836 million, S.A.A.R., in 1969Q4) because the demand for
imports is very ﬁrice inelastic. Nevertheless, the 1967 devaluation
did provide a substantial boost to the current account. As described
by Ball et _al. [1972] and the National Tnstitute of Economic and Social
Research [1972], the service account benefited by an amount at least as
greaf as the trade account.

The results in Table 6 cannot be considered definitive for the entire
trade balance, shown for the sake of comparison in column 13, because
they do not include all exports and imports. Left out are shipments of
military goods, trade in automobiles and parts with Canada, exports of
aircraft, imports of fuels and lubricants, and imports and exports not
elsewhere specified. The exchange rate impact on the value of imports
‘of petroleum products would somewhat reduce the overall trade-balance
- effect of the devaluation below the figures reported in Table 6, but it
is very &ifficult to say how much. Nevertheless, the results reported
here suggest that a portion of the improvement in the overall trade

balance between 1972 and the first half of 1973 can be attributed to

the depreciation of the dollar.
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It needs to be emphasized that these estimates pertain to only
the direct or first-round effects of the dollar devaluation. They
therefore provide an estimate of the maximum beneficial impact on the
U.S. trade balance resulting from the multilateral exchange rate adjust-
ments that took place between 1971 and 1973. The size of this estimated
improvement in the trade balance depends on the ultimate magnitude and
timing of the response in the quantities of imports and exports to
price changes. These price changes in turn depend crucially on the
speed with which import and export prices react to exchange rate changes.
Thus one lesson that can be drawn from the results and methodology in‘
this paper is that for a country as important in world traae as the
United States, an understanding of how adjustments in exchange rates
affect U.S. import and export prices is just as essential as knowing how
the quantities of these goods respond to price changes. Clearly much
more research is needed in this area,

An'appraisal of the full effects of a devaluation on the U.S. trade
balance of course requires that the induced or second-round domestic
effects be taken into account. These include increases in expenditures
on domestic output and in prices and wages. The degree to which these
second-round effects offset the positive impact effect of a devaluation
depends on the level of unemployment and capacity utilization, and as
emphasized by Alexander [1952], on the extent to which domestic output
rises above domestic absorption. Thus for a full analysis of the

impact of a devaluation one must look at the savings behavior of an

. economy.
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Thé results in this paper thereforé cannot pfovide an answer to
the full long-run effects on the U.S. trade balance resulting from the
exchange réte realigmments that took place between 1971 and 1973. They
may nevertheless provide some guidance as to the plausible magnitude of
the short-run impact before the second-round effects are complete. 1In
ad&ition, to the extent that the general-equilibrium savings and expend-
iture decisions depend on price level developments, the paper may be
helpful in that‘it provides a framework for analyzing the linkage between
exchange rate changes and import and export prices. It is, of course,
not a substitute for a full general equilibrium analysis in wh}ch domestic

money supply considerations are explicitly taken into account. This

requires a fully-specified macroeconomic model.
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Footnotes

*The author would like to thank Peter Isard, Barbara Lowry and
Peter Hooper for helpful discussions relating to the paper. He would
also like to thank Henry Goldstein, Sam Katz, Sung Kwack, P.A.V.B. Swamy,
Ted Truman and Christopher Yandle for comments on a previous draft.
The author also benefited from having presented earlier drafts of the
paper at the University of Wisconsin in Madison and Milwaukee and at
the University of Rochester. A version of this paper (Clark [1973])
was presented at the Annual Meeting of the Econometric Society, December
28-30, 1973 in New York City. Finally, the author thanks Gary Schlossberg
for the considerable research assistance required to produce this paper.

lThis measure of the depreciation of the dollar is derived from the
figures given on pp. 15-16 of World Financial Markets (October 23, 1973),
Morgan Guaranty Trust Co., which in turn reflect bilateral export and
import weights for fourteen countries. In this paper all referenges to
a depreciation of the dollar refer to weighted average or effective
exchange rate changes. .

2The analysis in this paper is thus subject to the usual strictures
against the elasticities approach to devaluation analysis leveled by
those who adopt a general equilibrium perspective., For this latter,
generally monetarist approach, see Dornbusch [1973] and Johmson [1972].

3The domestic price increase induced by the devaluation would in
any case be attenuated by the price freeze and other restraints on price
rises that were part of the New Economic Policy initiated by Nixon in
August, 1971, It should be noted that these restraints did not apply
to either import or export prices, and consequently the price freeze
and the other phases of wage and price controls would tend to slow the
rate at which domestic prices would respond to the higher import and
export prices. For attempts to estimate the impact on the U.S., rate of
inflation of the dollar devaluation, see the article by Kwack in this.
volume, '"The Effects of Foreign Inflation on Domestic Prices and the
Relative Price Advantage of Exchange Rate Changes,'" and Clark [1974].

AThis qualification is the same as that which applies to a priori
- estimates of the effect of the 1971 realignment on the U.S. trade
balance, as contained in Branson [1972], for example.

5For an attempt to estimate supply elasticities for U.S. exports
and imports, see Magee [1970].

6This methodology is also used by Isard in his paper in this volume.
7This may appear to be a very restrictive assumption, but it is
_the same assumption that is used to derive aggregate import and export

equations, For a discussion of aggregation problems of this type, see
Leamer and Stern [1970].
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8Since this measure of world trade in each commodity class is less
than the true world total, the calculations using (10) may overestimate
the rise in the dollar prices of these commodities because M in the
denominator of (10) is too small. Such an overestimate can only occur,
however, if there has been no net appreciation of the non-OECD countries
vis-a-vis the United States.

9The author is indebted to Christopher Yandle, Commodities Division
of the Research Department in the International Monetary Fund, for
providing him with a range of export supply and import demand elasti-
cities that would be appropriate for the kinds of agricultural commo-
dities that a) the United States imports and b) that it exports. The
range of elasticities in case a) was used for foods, feeds and beverages,
and the range of elasticities for case b) was employed for those commo-
dities that approximate U.S. agricultural exports, namely foods, feeds
and beverages plus agricultural industrial supplies. A considerably
wider range of elasticities was used for industrial supplies and matarials.
The results given in Table 1 show, however, that the calculated price
changes are not very sensitive to large variations in the elasticities
used to make the calculations. .

10For particular commodities, however, the price effect of multi-
lateral exchange rate changes may be significantly higher than indicated
in Table 1. Bernstein [1973, pp. 5-6] for example, weights the exchange
rate changes of the Group of Ten plus Switzerland by each country's
consumption of four nonferrous metals (copper, lead, zinc and tin) and
finds a weighted average price effect of about 11.5 percent from the
end of December 1972 to the end of July 1973. This high figure stems
from the fact that the sample includes countries that both appreciated
the most against the dollar and consume most of the metals, For the
impact of recent exchange rate changes on the dollar price of wheat,
see the contribution by Yandle in this volume.

11See Clark [1973]. Jacques Artus has developed a model of export
price determination (see his contribution to this volume) that is also
based on profit-maximizing assumptions.

12For a discussion of this markup hypothesis, see Eckstein and
" Fromm [1968].

13This link is on the demand side. There is an additional relation-
ship that comes through the impact of exchange rate changes onNdomesticN
cost conditions. Thus a devaluation will tend to increase ULC" and UMC
in equation (11) in the text, thereby increasing export prices. This
link between exchange rate changes and export prices through reper-
cussions on domestic costs is ignored in this paper. For an examination
of this link, see the paper by Kwack in this volume entitled, "The Effects
of Foreign Inflation on Domestic Prices and the Relative Price Advantage
of Exchange Rate Changes." There is in addition a third link that
arises if exports are denominated in foreign currency. In this case a
devaluation would immediately raise the domestic currency prices of




-48~

those exports invoiced in foreign currency. This link would not appear
to be of much importance for the United States, since at least up until
the recent exchange rate changes most U.S. exports were probably
denominated in dollars. :

laThis result is derived in Clark [1973] and Nordhaus [1972],.

15As a rough correction for the fact that export price indexes
record contract prices, whereas export unit values are a proxy for prices
recorded at the time of shipment, export price indexes were lagged one
quarter when combined with export unit values to construct this index.
These export price or unit value indexes were first converted into
dollars by using an exchange rate index based on quarterly averages of
spot exchange rates.

16 . .

R was constructed by taking a weighted average of exchange rate
indexes for the seven countries. The weights used to construct R and
PX_ are the same as those used for PC_. .
f f

17The fact that the sum of the lag coefficients for R in regression
4 is negative and significant at the .05 level would appear to be a
statistical fluke, since there is no theoretical reason to expect a
negative relationship between R and the export price. The paper by
Artus in this volume and the OECD [1973] find that U.S. export prices
of manufactured goods are only weakly related to the export prices of
foreizn comperitors and thus they tend to support the conclusion that
U.5. manufactured export prices are not substantially affected by demand
shifts induced by exchange rate changes. This conclusion depends on the
use of unit value indexes that admittedly may be poor proxies for the
actual -price behavior of U.S. exports. (See Lipsey [1963] for a dis-
cussion of the deficiencies in unit value indexes.) The close association
between movements in the wholesale prices and in the export unit value
indexes for manufactured goods described in Ripley [1974] may indicate,
however, that unit values are not altogether inappropriate proxies for
export prices. '

8An exchange rate change has an immediate impact on the dollar
import price if the imported commodity is invoiced in foreign currency.
Since most U.S. imports have been invoiced in dollars, at least up until
the recent exchange rate adjustments, this direct impact of a dollar
depreciation on U.S. import prices has probably been small, On this
point see Magee [1973] and Grassman [1973]. There is, unfortunately,
an additional difficulty raised by U.S. Customs valuation practices.
Imports invoiced in dollars are converted into foreign currencies at the
rate prevailing on the date of the purchase contract and then recon-
verted into dollars at the date which prevailed on the date of shipment.
Thus it would appear that imports nominally invoiced in dollars are
effectively invoiced in foreign ' 'rrency. ‘Apparently, however, less
than ten percent of import documeats 2.2 being changed by the Customs
Bureau for valuation purposes. The zuthor is indebted to Daniel Roxon
for this unofficial estimate, He is also indebted to Stephen Magee for
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pointing out the implications of U.S. Customs valuation practices for
the impact of exchange rate changes on U.S. import unit values. Since
this paper was written, an article by Magee [1974] has appeared in which
he presents some evidence on the currency denomination of U.S. imports
and describes in detail the valuation procedures of the U.S., Customs.

19W‘nolesale prices of manufactured goods have also been used in a
recent analysis by the OECD of the determinants of export prices of
manufactured goods. See OECD [1973].

20This estimate is lower than the figure of eighty percent calculated
by Branson [1972, pp. 20-22] that is based on the supply elasticities
estimated by Magee [1970]. Branson's result relies on a perfectly com-
petitive model of price determination, and as mentioned above, this
model is not appropriate for trade in finished manufactures. For this
reason, and because there is considerable uncertainty regarding estimates
of supply elasticities for U.S. imports, the estimates given in Table 3
would appear to be more relisble than Branson's calculations.

Using regression analysis similar to that in this paper, Llewellyn

[1974] found that a devaluation of the pound would raise the prices of
imports entering the United Kingdom by about 60% of the devaluation.
This result is consistent with the figure of 50% for the United States
reported in this paper, and does not support Branson's conclusion that
the figure should be 80%. The reason is that since the United Kingdom
has a smaller share in world trade than the United States, one would
expect that the exchange rate impact on its import prices would be larger,
not smaller, than for the United States.

21If income, for example, is above its trend value, then this would
tend to be associated with longer waiting times for the delivery of
domestic goods and other manifestations of supply constraints, leading
to increased purchases from abroad.

22Equation (17b) has been used in the following discussion because
the WPIf variable gave a better statistical fit than did the combination
of the W. and time trend variables in (17a). It should be pointed out
that one implication of the methodology underlying equation (19), and
especially the fact that the export price is a function of the exchange
rate (as shown in equation (16a) and (16b)), is that foreign wholesale
prices, expressed in dollar terms, are not a good deflator of nominal
imports. The reason is that exchange rates changes break up the normal
or usual link betwecen foreign wholesale prices and foreign export prices.
For an example of deflation using foreign wholesale prices, see Parrish
and Dilullo [1972]. '

23Equation (19) also shows that the impact of the WPI variable
on imports, a.,B,, is not equal to the exchange rate effect, « (1+85).
Only if there is perfect arbitrage such that PX. = WPI_, will %t be true
that changes in foreign wholesale prices and in exchange rates will
~ have the same effect on imports.
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24 . . .
The PX. variable in this equation was constructed as a weighted

average of the overall export unit value indexes for eight countries
(the previous seven plus Italy), with shares in exports of manufactures
used as weights.

25When equation (22) was estimated using a weighted average of both
export prices and unit values for manufactured exports, the results were
very similar to those reported in-the text.

6One difficulty arises in estimation because the same export unit

values are used in both cases, although the country weights are different
in each case. Clearly what one would like to have are separate price
indexes for those goods exported to the United States and for those
exports that compete in world markets with U.S. exports, but such data
unfortunately are not available.

27 . . . .
The price increases reported in Table 1 were lagged one period
in calculating the effects of the depreciation of the dollar. This is
designed as a rough adjustment for the fact that because of delfvery
delays and long-term contracts, imports and exports in the current
quarter reflect the spot prices of previous quarters.
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Data Appendix

Imperts:

Data on the value of imports by end-use breakdown were obtained
from the Survey of Current Busincss. In this paper imports of finished
manufactures are defined to include four end-use categories: consumer
manufactured durables, consumer manufactured nondurables, capital goods
except automotive, and motor vehicles, parts and engines other than
from Canada.

Data for the unit value series for foods, feeds and beverages and
industrial materials and supplies were obtained from the Bureau of
International Commerce (Dept. of Commerce) unit value computer TUNS.
For finished manufactures the unit value index for the economic class
called "finished manufactures' was used. For 1958-71 this index was
taken from Index Numbers of U.S. Exports and Immorts 1919-1971 (U.S.
Bureau of the Census, U.S. Government Printing Office, Washington, D.C.,
1972). For 1972-19731I1 the index was taken from various issues of
Export-Import Indices, an unpublished memorandum put out by the Foreign
Trade Division of the Bureau of the Census.

_F_J_CEOI' ts: .

Data on the value of agricultural and non-agricultural exports, ex-
clusive of automotive exports to Canada, aircraft and military equip-
ment, were adjusted for dock strikes and other disturbances. These
two series were obtained from the Balance of Payments Division of the
Bureau of Economic Analysis, DepartmentJOf‘Cémmerce. The series for
non-agricultural exports is described in Parrish and Dilullo [1972].

The unit value series for these two categories of exports were obtained
from the from the same source which provided the umit value series for
imports of finished manufactures. ‘ )

Import cnd Export Overall Unit values:
International Monetary Fund, International Financial Statistics,
country pages. . .

Price Index for Canadian Exports of Manufactured Goods (exclusive of
automotive products): :
Bank of Canada.

Wholesale Prices of Manufactured Goods:

. For Belgium, Canada, France, Germany, Italy, the Netherlands, and
the United Kingdom, OECD, Main Economic Indicators: Historical Sta-
tistics, 1955-1971, and Main Economic Indicators, March 1973. The
series for the United Kingdom was updated through the second quarter
of 1973 using Economic Trends, Central Statistical Office, For all
countries except Canada, it was necesgsary to make an ad justment for
the introduction of the value-added tax. The author wishes to thank
Dopnald Curtis (U.S. Treasury Department) for making these adjustment
factors available to him. The source for Japan is Basic Data for
FEconomic Apalysis, Bank of Japan.

Export Price and Unit Values Indexes for Manufactured Goods:
These series were obtained from national sources.
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Exchange Rates:
For most countries, Federal Reserve Bulletin; otherwise International
Financial Statistics.

Hourly Earning or Wage Rates in Manufacturing:

For non-U.S. countries, OECD, Main Economic Indicators: Historical
Statistics 1955-1971 and Main Economic Indicators, various issues. For
the United States, compensation per man-hour was defined as wages and
salaries of employees plus employers' contributions for social insurance
and private benefit plans. Both compensation per man-hour and output
per man-hour were obtained from the Bureau of Labor Statistics, U.S.
Department of Labor.

Agoregate Capacity Utilization Rates:
Wharton, EFA, Inc.

Index of Foreien Industrial Production:

Weighted average of industrial production indices for Canada, Japan,
United Kingdom, and continental Western Europe, weighted by the annual
shares of these areas in U.S. experts. The index for continental
Westcern Europe is a’weighted average of the indices for Germany, France,
Italy and the Netherlands, with weights equal to the 1963 values of
their gross domestic products. This series was obtained from the same
source as the export value data. "

U.S. Industrial Production Index:
Federal Reserve Bulletin,

Wholesale Prices of Total Manufactures and Industrial Commodities:
Survey of Current Business,

GNP, GNP Deflator, Disposable Personal Income and Deflator for Personal
Consumption Expenditures:
Office of Business Economics,

Deflator for Personal Consumption Expenditures on Foods, Feeds and

Beverages:
Department of Commerce, Mr. Bassett,

Foreign Consumer Price Indices for Food:
OECD, Main Economic Indicators, Historical Statistics, 1955-1971
and Main Economic Indicators, September 1973.

Foreign Real GNP:

Canada, National Income and Expenditure Accounts; Japan, Annual
Report of the Economic Planning Agency (value in 197311 estimated on
assumption of 10% growth rate in GNP); West Germany, Viertel jahrsheft
(values in 19731 and 197311 estimated on assumption of a 6.2% growth
rate in GNP); United Kingdom, Economic Trends (value for 197311 esti-
mated on assumption of a 6% growth rate in real GNP); weights derived
from 1970 value of agricultural exports, which were given in Overseas
Business Reports, Dec,, 1970, Department of Commerce. The author is

"indebted to Sung Kwack for making this data available to him.

Wholesale Price Index Excluding Crude Foodstuffs, Feedstuffs, Etc.:
Monthly Labor Review.
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Tariffs:

Calculated using fixed 1964 import weights for all items for which
global imports exceeded $1 million, and aggregated into end-use cate-
gories. Tariff levels for the 1958-1967 period were assumed to be con-—
stant. Starting in 1968 and ending in 1972, the tariff levels computed
for 1964 were cut by 20% of the Kennedy Round concessions. The tariff
rate on imports of finished manufactures was computed as a weighted
average of the tariffs on capital goods, automotive goods and consumer
goods, with 1964 import weights. The author is indebted to John Wilson
for supplying him with this tariff data.
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