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REGIONAL IMPACTS
OF EXCHANGE RATE MOVEMENTS

Gerald Carlino, Brian Cody, and Richard Voith

Introduction

The combination of a tight anti-inflationary U.S. monetary policy, a
rapidly expanding federal budget deficit, and an improved outiook for
investment in the U.S. led an unprecedented appreciation of the dollar in
the early 1980s. Between 1980 and mid-1985, the real value of the
dollar appreciated by over 45 percent on a trade-weighted basis. This
appreciation translated into a severe reduction in the competitiveness
of many U.S. export- and import-competing industries. During this
period, nominal exports decreased by nearly 4 percent while imports
grew 35 percent, producing a $100 billion deterioration in the U.S.
merchandise trade balance. The dollar reversed its course in mid-1985
and depreciated by 20 percent on a real trade-weighted basis over the
next 18 months. This depreciation has contributed to the recovery of
many U.S. export- and import-competing industries in the second half of
the decade.

The volatility of the dollar during the 1980s has raised questions
about the impact of exchange rate movements on a region's economy.
As many industries tend to be concentrated geographically because of
nearness to markets and gravitation to inputs, industrial mixes vary
widely across regions of the country. This variety suggests that
regions may respond differentially to a given change in the value of the
dollar. Branson and Love [1, 2] find substantial differences in the
effects of exchange rate movements on employment and output across
U.S. manufacturing industries. Their work provides an introduction to a
broader assessment of the impact of exchange rate movements on
regional economic activity.

As the papers in this volume by Coughiin et al., Kahley, and Giese
show, much research has been undertaken into the regional impacts of
foreign direct investment. At present, no research investigates the
effect of exchange rate movements on regional economic growth. This
lack of attention largely has been due to the absence of regional data on
domestic export activity or even aggregate output. Although the
Census of Manufacturers publishes data on exports for manufacturing

"The authors are senior economist and research advisor,
economist, and senior economist, respectively, in the research
department at the Federal Reserve Bank of Philadelphia. The views
expressed here do not necessarilé represent those of the Federal
Reserve Bank of Philadelphia or the Federal Reserve System.
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tirms, these data are not suited to analyzing international trade and
regional growth. In particular, little is known about the international
export activity of industries other than manufacturing, such as financial
services, and the effects of import substitution on an area's output.
Data on total international exports by state are available for 1987 and
1988, but they are not available for other years. In addition, Smith [9]
raises a number of important objections regarding the state export data.
Moreover, there are important indirect effects on a state's output due to
subcontracting on export orders received by other states (auto firms in
Michigan hire Madison Avenue advertising firms to help boost sales of
their autos abroad).

This lack of data has led researchers to take alternative
approaches to estimating the responsiveness of production in a
region's tradable goods sector. Cox and Hill [4] calculate the dollar
depreciation between March 1985 and June 1987 for each two digit
manufacturing industry. This measure is combined with an estimate of
the sensitivity of industrial production to changes in exchange rates to
form an estimate by industry of the effects of the lower dollar on U.S.
manufacturing output. When weighted to reflect a state's industrial mix,
these individual industry responses provide Cox and Hill with an
estimate of the effects of a lower dollar on manufacturing output at the
state level.

Rather than inferring the individual state effects of exchange rate
movements as in Cox and Hill [4] or focusing narrowly on manufacturing
as Branson and Love [1, 2], researchers now use recent data on real
Gross State Product (GSP) to estimate state specific exchange rate
effects directly. This paper estimates the impact of exchange rate
changes on aggregate output at the state level for the period 1972-
1986. After controlling for productivity differentials, the findings
indicate real exchange rate movements (nominal exchange rate
changes adjusted for shifts in relative final goods prices between the
U.S. and its major trading partners) have lasting effects on economic
growth in 11 states. Although 11 appears to be a relatively small
number of states, the magnitude of exchange rate movements on the
growth rate of GSP in these states is relatively large. The results for
states that are adversely affected by a dollar appreciation indicate that,
on average, a 10 percentage point acceleration in the rate of
appreciation of the dollar is associated with roughly a 4 percentage

“point deceleration in the rate of GSP growth. In addition, the findings
indicate that 21 states predominantly located in the industrial belt
experienced large and permanent changes in their growth rates of GSP
as a result of changes in relative productivity growth between the U.S.
and its major trading partners.
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The Empirical Model

The main objective of this paper is to analyze the effects of
changes in real exchange rates on real economic growth at the state
level. To capture the full exchange rate effects, this study focuses
upon production in the entire tradable goods sector, as proxied by real -
gross state product (GSP). This paper employs a simple supply and
demand model for tradable goods developed by Branson and Love [1,
2]. This model suggests that the domestic production of tradable goods
will be inversely related to the real exchange rate and positively related
to domestic and foreign real income.

Because a consistent real exchange rate series (adjusted for
relative wages) is not available for the entire sample period, the
empirical model separates the effects of relative labor costs and the
real exchange rate. Specifically, the model enters the trade-weighted
value of the dollar adjusted for final goods prices and relative U.S. and
foreign productivity as separate explanatory variables. The trade-
weighted value of the dollar and relative productivity variables are
interacted with a dummy variable for each state to capture their state-
specific effects.

The model to be estimated is a pooled cross-sectional time-series
for 48 contiguous states covering the period 1972-1986 and is
summarized by the general form:

() Agjt = 0p + A1 Ayf + OpAYt

48 48
+ }_‘a Bj,0SjAet + Z}I Bj,1SjAet-1
= J=

48 48
+ 2, 7j,08j(A0f - Awy) + _217],181(/3«)?-1 - A1) + Pt
j=1 =

where:

git = (log) GSP in the jth state in yeart;

Yt = (log) foreign gross domestic product in yeart;

vt = (log) U.S. gross domestic product in year t;

et = (log) real trade-weighted exchange rate in year t adjusted for
relative prices of finished manufactured goods;

of = (log) output per man-hour in foreign manufacturing in year t;

ot = (log) output per man-hour in U.S. manufacturing in year t;

Sj = dummy variable for the jth state;
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random error term;
Xt - Xt-1.

Ht
AXy

As all variables are in logs, taking first differences implies that the
regression is estimated in terms of the growth rates of the respective
variables.

Real GSP data for the 48 contiguous states are obtained from the
Bureau of Economic Analysis, U.S. Department of Commerce. Foreign
(OECD countries excluding the U.S.) and U.S. gross domestic product
variables are obtained from the OECD's Main Economic Indicators. The
real exchange rate is Morgan Guaranty's trade-weighted index of the
value of the dollar, adjusted for final goods prices against the United
States' largest trading partners. The manufacturing productivity
variables, which are measured for the national economy, are taken from
Hooper and Larin [5].

The sample begins in 1972, the first full year after the breakdown of
the Bretton Woods system of fixed exchange rates, and ends in 1986
with the last available observation for GSP. The Ay{ variable in
equation (1) proxies growth in foreign real income. The coefficient on
this term, o1, is expected to be positive because an increase in foreign
income growth, ceteris paribus, should stimulate U.S. exports and thus
increase real GSP growth. The growth in domestic (U.S.) income is
captured by Ay. An increase in the growth of aggregate income should
stimulate demand for domestically (as well as foreign) produced
tradable goods, implying a positive value for ap.

The rate of appreciation of the real exchange rate, Aet, is
interacted with the state dummy variables, Sj, to capture the state-
specific effects of exchange rate changes. An appreciation of the real
value of the dollar, Aet > 0, indicates a loss of U.S. competitiveness on
world goods markets and should be associated with slower GSP growth.

This exchange rate effect is, however, a long-run result; that is,
the full impact of exchange rates on trade flows generally are not felt
within a short period, such as one year. The short-run trade effects of
changes in the exchange rate are ambiguous. If trade flows respond
gradually to an appreciation of the dollar, a J-curve pattern may be
observed.! Specifically, a depreciation of the dollar that raises the
prices of foreign goods relative to domestic goods eventually should
cause U.S. net exports to increase. In the short run, however, the
increase in import prices relative to export prices can cause the
measured net exports to decrease. There are also production and
delivery lags that lengthen the actual response of trade flows and

1For an accessible survey of research on the J-curve, see Meade

(8l.
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production to exchange rate changes. To account for a possible J-
curve effect, the current and one period lagged values of the
appreciation of the doilar are interacted with the state-specific
dummies. Although the expected sign on Bj,0 is ambiguous, the
anticipated sign on Bj,1 is negative. The long-run effect (Bj,0 + Bj,1)
should be negative.

Finally, (Aef - Awt) represents the growth in productivity abroad
relative to growth in U.S. productivity. As with the exchange rate
variable, the current and one period lagged values of the relative
productivity variable are interacted with the state-specific dummy
variables. These variables are designed to capture the effects on GSP
growth of output-per-hour differences between the U.S. and its trading
partners. Over time, it is expected that an increase in the growth rate of
foreign productivity relative to that of the U.S. will cause U.S. goods to
become less competitive on the world market, depressing GSP growth,
i.e., %,0, %,1 and ("0 +7,1) < 0. Tatom [10] suggests that in a reduced
form specification such as equation (1), the relative productivity term
captures supply side effects.

Findings

The resuilts of the pooled cross-sectional time-series estimation of
equation (1) are summarized below (the estimated coefficients for the
exchange rate and productivity variables are given separately in Table
2):

(2) Agjt =-0.0002+ 0.2751Ay{ + 0.8853Ay
(0.058) (2.477)  (15.19)

48 A 48 A
+ Z BjoSer+ 21 Bj.1Sjset-1
= ]=

48 48
* A -
> ¥},08j(A0f-Awy) + % 7}15j(80i.1 - Aan-1)
= =
R2 = .7640, F = 7.96, 671 observations, t-statistics in parentheses.

The income variables are positive and significant, as expected;
faster growth both at home and abroad is associated with an
acceleration in the growth rate of GSP. The estimates indicate that a 1
percentage point acceleration in foreign growth produces a statistically
and economically significant 0.27 percentage point acceleration in GSP
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growth. The effect of domestic growth is roughly three times the
magnitude of the foreign effect, with a 1 percentage point acceleration
in domestic growth leading to a 0.89 percentage point acceleration in
GSP growth.

A number of specification tests were conducted to determine the
significance of the state-specific effects; that is, various forms of the
null hypothesis that the Bjs, as well as the yjs, should be restricted to be
equal across states were tested. Table 1 presents convincing evidence
of significant differences across states in terms of the response of real
GSP growth to both real exchange rate movements and changes in
relative productivity growth rates. A

Turning to Table 2, the column headed Bj,0 (Bj, 1) lists the estimated
coefficients for the exchange rate variable in the current (lagged)
period. The column headed Bj 0 + Bj,1, the sum of the coefficier}\ts,
gjves the estimated long-run effect. Similarly, the column headed ¥j,0
(vj,1) lists the estimated coefficients for the prodtxctivity Iyariable in the
current (lagged) period. The column headed ¥j 0 + vj,1 gives the
estimate of the permanent effect of changes in relative productivity.

The Bj,0 coefficient is statistically significant for 11 states. It is
negative and significant for five states and positive and significant for
six states. The empirical results suggest that the major impacts of
exchange rate fluctuations occur after one year. The coefficient on Bj 1
is significant for 17 states; more importantly, it is negative (as
expected) and significant for 13 of these states. The results aiso
provide some evidence of a J-curve effect for six states (Louisiana,
Nebraska, New Mexico, Oklahoma, Texas, and Wyoming). In each of
these states, an acceleration in the rate of appreciation of the dollar
initially caused a significant increase in GSP growth (B o > 0) that was
offset by a significant slowing in the following year (Bj,1 < 0). Five of
these six states are major energy-producing states. Future research
will attempt to determine what role production bias plays in this result.

The estimated coefficient (Bj,0 + Bj,1) provides an indication of the
permanent effects of exchangs rate changes on the growth rate of real
GSP. These estimates reveal that real exchange rate changes have
long-run effects on GSP in 11 states. Seven states experience
permanent reductions in the growth rate of real GSP in response to more
rapid appreciation of the real exchange rate. As Figure 1 shows, these
states are located in the Midwest and Northwest states (lowa, North and
South Dakota, Montana, Oregon, Washington, and Wyoming). On

2An alternative specification also included state dummies
interacted with domestic and foreign income growth to allow for-
differential effects of these variables on GSP growth. This
specification, however, was rejected at the 5 percent level.
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average, a 10 percent acceleration in the rate of appreciation of the real
exchange rate is associated, ceteris paribus, with a 4 percent
deceleration in the rate of growth of real GSP in these states. Contrary
to the predictions of the theory, four states (Georgia, Massachusetts,
Vermont, and New Hampshire) benefit from an appreciation of the real
exchange rate. Little [6] also finds faster growth of the New England
economy during the period of the dollar's appreciation. She argues that
the strong dollar induced a shift in resources from unskilled to skilled
manufacturing industries (such as high tech industries) that benefitted
the New England region.

Although 11 states appears to be a small number, this result
reflects the fact that the authors controlled for productivity differences
between the U.S. and abroad and, therefore, the exchange rate reflects
pure price effects. The results reported in Table 2 indicate that
productivity differentials play a crucial role in understanding geographic
differences in the sensitivity of GSP growth. Twelve states have
significant responses to changes in relative productivity during the
current period, with ten states experiencing an expected slowdown in
real growth when domestic productivity growth increases more slowly
than productivity growth abroad. Twelve states have significant
responses to relative changes in the growth of foreign productivity one
period after the change occurs; seven states have negative and
§ignificant coefficients as exp'\ected. A comparison of the results in the
¥j,1 column with those in the 7j,0 column shows that the 12 states that
are affected one period after a change in the relative growth in
productivity are not necessarily the same 12 states that are affected
during the period in which the change in relative productivity occurred.

The permanent effects of a change in tne rekative growth of foreign
productivity are given in the column headed 11,0 +7},1- Long-run effects
from changes in the growth of foreign productivity are found for 21
states. As Figure 2 shows, 15 states located in the manufacturing belt
are found to be affected negatively by a widening of the productivity
growth differential between foreign and domestic producers. On
average, an acceleration of 1 percentage point in the relative growth
rate of foreign productivity produces a permanent .86 percentage point
slowdown in the growth rate of GSP in these states.

Conclusion

This paper employs a simple model of the demand and supply of
tradable goods to analyze the effects of exchange rate movements and
changes in relative productivity on aggregate output at the state level.
The findings indicate that changes in the real trade-weighted value of
the dollar have permanent effects in 11 states. While a leng-run
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exchange rate effect is found in relatively few states, this result reflects
the fact that the estimation controls for productivity differentials. A
widening of the productivity growth differential between foreign and
domestic producers permanently affects the growth rate of GSP in 21
states, only three of which experience sustained real exchange rate
effects.

These results suggest a broader policy role for state governments
than currently pursued. In particular, state governments historically
have limited their foreign sector efforts to attracting foreign direct
investment, promoting exports, and lobbying the federal government for
protection from foreign competition. The research by Zech [11],
Coughlin and Cartwright [3], and Manrique [7] shows that export
promotions have increased industrial growth in some states. The
increased importance of the foreign sector suggests, however, that
states need to take a more active policy role. There is little that a state
government can do to offset an appreciating dollar that reduces its
international competitiveness. This paper has shown, however, that
increases in a state's growth rate of productivity relative to abroad can
improve the growth rate of aggregate output irrespective of changes in
the relative prices of final goods.

In light of these findings, state governments should consider
policies designed specifically to improve the productivity of their
economies. One way a state government could increase the
productivity of its firms is through spending to improve its
infrastructure. Increased spending to modernize.a state's port
facilities, highways, and bridges are obvious examples. Another
avenue is for state governments to make larger investment in their
human capital stock through increased spending on educational
programs. Finally, state governments could develop programs that
promote technical progress by providing incentives to firms to
modernize plant and equipment.
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Table 1
Specification Tests

Null Hypothesis

A A A
B1,0=P2,0=...=PB48,0

A A A
B1,1=B2,1=...=P4ag,1

A A A A A A
B1,0+B1,1=B2,0+ B2,1=...=P48,0+P48,1
A A A
Y1,0=Y2,0=...=748,0=0

A A A
Y1,1=Y2,1=...=748,1=0

A A A

¥1,0=12,0=-..=748,0

A A A

Y1,1=Y2,1=...=748,1

A A A A A A
Y1,0+Y1,1="20+Y2,1=--.= Y48,0+748,1
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F-Value

2.3515
4.9310
2.7944
1.9754
1.9677
1.9704
1.9944
3.7971

Marginal
Significance

.0001
.0001
.0001
.0002
.0002
.0002
.0002
.0001
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Figure 1
Pure Exchange Rate Effects by State
1972-1986

EH Exchange rate effect is negative and significant.
Exchange rate effect is positive and significant.
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Figure 2
Productivity Differentials by State
1972-1986

BEH Productivity differential is negative and significant.
73 Productivity differential is positive and significant.
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