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Executive Summary
Korea’s export performance has exhibited a remarkable downturn since
the end of 2014, declining over the 12 months of 2015 by about eight percent in nominal terms. Conjecturing this to reflect depreciation of the Japanese Yen and, during the second half of 2015, of the Chinese Yuan coupled with a sudden decline in China’s import demand, we apply an
Armington (1969)-type trade model to match international trade data with
input-output tables in order to identify the sources of export variation in
Korea and, as a bridge between the theoretical model and empirical inputoutput table, to analyze the effect of income (GDP) and exchange rate
variation. The major findings of the present study are three-fold. First, the
estimated long-run elasticity (0.067) of trading partners’ GDP on Korea’s
export is a lot smaller than the static short-run elasticity (0.755) of their
GDP in nominal terms and the estimate of static short-run elasticity (0.462)
of GDP in real terms. Second, we find that Korean Won’s real depreciation helps boost Korea’s real exports in the short-run but its effect turns
out to have a slightly negative effect in the long-run which implies that the
positive effect of real depreciation of the Won may not last long. Third, we
also find that a depreciation of Japanese Yen and Chinese Yuan in nominal
terms has negative effects on Korean exports in the short-run, but the Japanese Yen’s real depreciation facilitates increases in Korea’s real exports
consistently in both the short-run and long-run. The effects of the exchange rate variation cannot be unidirectional in both short-run and longrun because the variation affects the relative competitiveness of imported
intermediate goods. According to our findings, Korean exports, given a
positive income shock in trading partner countries, tend to be replaced by
foreign alternatives which reflects a tightening of technology as well as
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price competition in the global market, and suggests as an optimal export
promotion strategy for Korea the pursuit of technological progress and a
diversification policy that encompasses both destination and export products.
Key Words: Exchange Rate Variation, Input-Output Table, Export Forecasting
JEL Classification: F17, F31, F47
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A Short-term Export Forecasting Model
using Input-Output Tables

PYO Hak K. and OH Soo Hyun

I. Introduction

Korea’s export performance has exhibited a remarkable downturn since
the end of 2014, total exports declining by roughly eight percent over the
12 months of 2015. Examining year on year performance of major export
products, significant reductions are observed in petroleum (-37.0 percent),
petro-chemicals (-15.1 percent), steel (-14 percent), display devices and
sensors (-8.8 percent), and automobiles (-6.4 percent). Recently, only semiconductors (0.4 percent), mobile telecommunications equipment (10.2 percent), and shipbuilding (0.6 percent) have recorded positive export growth
rates.1 We attribute this performance to the depreciation of the Japanese
Yen and, during the second-half of 2015, of the Chinese Yuan and concomitant sudden decline in China’s import demand. We apply, in this pa

1

Professor of Economics Emeritus, Seoul National University and Visiting Scholar at Korea International Economic Policy (KIEP) and Research Fellow at KIEP, respectively. We
are grateful to Young Gui Kim of KIEP, Jihyung Park of Seoul National University and
Byungsun Seo of Korea University for comments on the earlier draft. We also appreciate
the excellent research assistance provided by Kim Jeongho and Lee Younghan, Ph.D candidates in the Department of Economics, Seoul National University.
Source: KITA (date of search: March 26, 2016).
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per, an Armington (1969)-type trade model to match international trade
data with input-output tables in order to identify the sources of export variation in Korea and, as a bridge between the theoretical model and empirical input-output tables, to analyze the effect of income (GDP) and exchange rate variation.
Use of input-output models in multi-sector macroeconomic modeling
has gained momentum in recent years. Olsen (1999), Wilson (2003), Bess
and Ambargis (2011), and Jones (2013) are representative in this regard.
Brown, Strzelecki and Watts (1993), Wang (2011), Stehrer, Foster and de
Vries (2012), and Timmer (2012) have attempted to match input-output
data with international trade data, and Armington’s (1969) model, which
distinguishes export products by place of production, has been recently
extended by Saito (2014) and Feenstra, Luck, Obstfeld and Russ (2014).
Saito (2014) estimates Armington elasticities, which is the elasticity of substitution between goods supplied by group of countries, using multilateral
trade data and bilateral one, respectively, and finds out the former
elasticities are higher than the latter. Feenstra, Luck, Obstfeld and Russ
(2014) find no significant difference between the macro Armington elasticity of home and import goods and micro Armington elasticity among foreign sources of imports for half of the goods represented in highly disaggregate US production data, but for the other half, macro to be significantly lower than micro elasticity. To the best of our knowledge, Lee
(2001) is the only one literature which estimates Korean Armington
elasticities, which reports product level Armington elasticities.
With respect to the effect of exchange rate on exports, Lee (2012), using micro panel data by industry, observes a one percent increase in the
exchange rate to be expected to increase export growth by 0.36 percent by
entire firms in Korea. Park and Choi (2010) use the multi-variable
GARCH-M model to estimate the impact of exchange rate variation on
exports, and Yoon (2007) finds a 10 percent appreciation of the Won/
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dollar exchange rate to occasion an approximately 0~3 percent reduction
in major export commodities.
In our research, major findings are three-fold. First, the estimated longrun elasticity (0.067) of trading partners’ GDP on Korea’s export is a lot
smaller than the static short-run elasticity (0.755) of their GDP in nominal
terms and the estimates of static short-run elasticity (0.462) of GDP in real
terms. The result implies that Korean exports scarcely increase, given a
positive income shock in trading partner countries, especially in the longrun, and tend to be replaced by foreign alternatives. It reflects a tightening
of technology as well as price competition in the global market. Second, we
find that Korean Won’s real depreciation helps boost Korea’s real exports
in the short-run but its effect turns out to have a small negative effect in
the long-run which implies the positive effect of real depreciation of the
Won may not last long.
Third, we find that a depreciation of Japanese Yen and Chinese Yuan in
nominal rate on Korean exports has negative effects in the short-run, but
the Japanese Yen’s real depreciation helps increasing Korea’s real exports
consistently in both short-run and long-run. Chinese Yuan’s real depreciation is expected to decrease Korean exports but the effect is not significant
in both short-run and long-run. The result of country-specific regression
shows that a depreciation of the real Yen/dollar is expected to decrease
Korean exports to China and Vietnam significantly, but increase Korean
exports to Japan, which implies weak Yen affects competition between
Korean products and Japanese products not in Japanese market, but the
other global market. On the other hand, a depreciation of the real Yuan/dollar has a negative effect to Korean exports to China, Japan, Hong
Kong and India, but a positive effect to the United States and Indonesia.
This implies that Korean trade structure with China has been more complementary than substitutable in exporting to the United States, but more
substitutable than complementary and mutually competitive to other mar-
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kets.
Disaggregated regression reveals that a depreciation of the real Yen/
dollar rate and Yuan/dollar rate is expected to increase Korean export of
semiconductors, thus we can conjecture that Korea’s trade structure with
Japan and China is complementary than substitutable for semiconductors.
Since the export of semiconductors has the highest portion in Korean exports, which can explains the results partially, a depreciation of the
Yen/dollar affects Korean exports positively in the aggregate regression.
In section 2, we present an Armington-type trade model linked to the
Directions of Trade Matrix. In section 3, we summarize a preliminary data
set from the Directions of Trade Matrix and a condensed version of the
input-output tables with 15 commodity-sectors including 10 manufacturing
sectors, primary industry, and four service industries. In section 4, we
summarize preliminary estimation results of the Armington elasticities
from static models and present simulation results of exchange rate variation on estimates of value added. Armington elasticities based on a dynamic error correction model are estimated in section 5. The concluding section summarizes the paper and discusses policy implications of the estimation and simulation results.
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II. A Trade Model with Armington Elasticities

In this section, we derive a tractable model from Armington’s assumption that different countries produce differentiated goods even in the same
category. Feenstra et al. (2014) define Armington elasticity as the elasticity
of substitution between goods produced in different (origin) countries.
Assuming identical CES preferences across all locations, we concentrate
on the effect of exchange rate on export amount.2
Denote by
eties. Let

and Ω respectively each variety and the set of those varibe an exogenous time-varying preference shifter for

each variety, where subscript i and j represent the origin and destination
countries, respectively. A representative consumer in country j at time t
chooses
for each
and
to maximize

(1)

subject to budget constraint
tion (1),

In equa-

≥ 0 is the country-specific elasticity of substitution. The price

of variety
exported from country i to country j at time t is denoted by
, and the income of country j at time t is denoted by Xjt.
The first order conditions for any j, j’ imply that

2

Although one may argue that preferences of a representative consumer may differ across
countries or income levels, to avoid more detailed identification strategies and datasets
we assume all consumers to have identical preferences regardless of location.
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(2)

Demand for variety

from country i is given by
(3)

where aggregated price

.

Shifting the export amount from country i to j,
) as above, we have
(4)
Equation (4) implies that trade flow from country i to j for each variety
depends on the domestic price and GDP of the destination country. We
assume zero shipping cost; country j’s domestic price of goods pij is the
producer price of country i times the exchange rates. The aggregate price
Pjt being a real variable, we divide Pjt by Pit and normalize Pit to 1. Assuming other factors to be captured in
, we derive equation (5) by taking logarithms of equation (4).3

(5)
where
3

is the annual export amount of country i to country j in

In section 4, we report our estimation results using equation (5) and simulation results
based thereon. Although we estimate Armington elasticities with both pooled and disaggregated dataset, country-specific regressions tend to have mixed signs that are, in
general, statistically insignificant. We consequently rely on aggregated regression (over
products and countries).
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millions of dollars in year t,
Won/dollar exchange rate,
is Yuan/dollar exchange rate,

is trading partner j’s GDP,

is the

is the Yen/dollar exchange rate,
is relative PPI with country i and j,

is the relative prime rate with countries i and j, and
is the population of the trading partner j in millions of persons.
Our empirical study being focused on Korean exports, we can fully use
Korea’s export data classified by product and partner country to predict
exports (and value-added as appears in the IO tables) based on scenarios
of exchange rate variation.4 To forecast Korea’s exports and value-added,
we use the linkage model of Armington-type trade model and IO table. IO
tables provide broader information including value-added, intermediate
inputs and final demand. As is well-known the Armington trade model
does not have value–added contents in itself and therefore, we have used
estimates of Armington trade model to link it to IO tables to generate the
impacts of exchange rate variations on value-added by products. Our research reorganizes the IO tables according to Korea’s major export products to determine the impact of exchange rate variation considering intermediate inputs as well. We describe precisely, in the next section, the direction of trade statistics and reorganized IO tables.

4

Here we limit our observation to Korea’s export data, but equation (5) is basically the
bilateral trade model, which can be extended to use a broader dataset.
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III. Data: Direction of Trade Statistics and
Input-Output Tables

We used the Korea International Trade Association (KITA) database,
which covers, at the MTI 3 level, the ten largest export products (semiconductors, petroleum products, automobiles, shipbuilding and marine
structures, mobile telecommunications equipment, automobile parts, flat
displays and sensors, petrochemical products, steel, and other manufacturing products) by the ten largest export regions (China, Hong Kong, India,
Indonesia, Japan, Singapore, Taiwan, the United States, Vietnam, and rest
of world based on 2014 trade statistics). The direction of trade statistics is
shown for the period 2000-2014.
The degree of Korean export diversification by region and commodity
can be seen in the ten-by-ten direction of trade matrix for 2014 (Table 1).
Korea’s respective exports to China and the United States, for example, are
25 percent and 12 percent, to the rest of world (ROW), 37 percent. The
country’s exports exhibit a considerable degree of diversification, semiconductors accounting for the largest share (10.9 percent), followed by petroleum products (8.8 percent), automobiles (8.5 percent), and shipbuilding
(7.0 percent). Excepting the nine largest, all other products account, collectively, for 43 percent.
We used Bank of Korea 2013 IO tables expanded to 15 industries, adding to the ten in the matrix above, following Kim and Pyo (2012), primary
industry (product) and four types of service industries (producer, social,
personal, and other).5
Input and output structure by these 15 industries is shown in the fifteen-
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Table 1 Direction of Trade Matrix for 2014

Source: The Bank of Korea Data (accessed September 15, 2015).

by-fifteen transaction (A) coefficient matrix (Table 2) below. The vertical
line of the matrix shows input structure by industry, the sum of the vertical
lines the intermediate input coefficient; the horizontal line shows the output structure of each industry, the sum of the horizontal lines, the intermediate demand coefficient.5
The weight of value-added (i.e., employee compensation, operating
surplus, depreciation of fixed capital, and net taxes) on production, by industry, is shown in the 4 x 15 remuneration (R) matrix (Table 3).

5

The most recent IO table available for analysis being that of 2013 constituting a limitation to our study, we assume the coefficients in the table to be identical over time post
2013.
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Table 2. 15X15 Transaction (A) Coefficient Matrix for 2013

Note: The vertical lines of the matrix show input, the horizontal lines output, structure.
Source: Authors’ calculations using Bank of Korea data (accessed September 15, 2015).
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Table 3. 4x15 Remuneration (R) Matrix for 2013

Note: The vertical lines of the matrix show input, the horizontal lines output, structure.
Source: Authors’ calculations using Bank of Korea data (accessed September 15, 2015).
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The weight of final demand (i.e., consumption, investment, and export)
by industry is shown in the final demand (F) matrix (Table 4). As can be
seen, weight of export is higher for manufacturing, of consumption for
services, industries. For example, 88.8 percent of semiconductors are exported, approximately 98 percent of social services consumed domestically.
Each row sums to the value-added by industry, and added to intermediate
input totals becomes the total input amount by industry.
Table 4. 15 x 7 Final Demand (F) Matrix for 2013

Source: Authors’ calculations using Bank of Korea data (accessed September 15, 2015).
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IV. Estimation and Simulation Results
in a Static Model

1. Estimates of Armington Elasticities in a Static Model with Nominal
Variables
Figure 1 plots exchange rate movement of the Chinese Yuan, Japanese
Yen, and Korean Won against the dollar during the period 2000-2015.
Note that in the figure, to reflect currency appreciation and depreciation as
upward and downward movement, the exchange rate is defined in the reciprocal manner, as dollar/Yuan, dollar/Yen, and dollar/Won, using 2010
as the base year. The dollar/Yuan and dollar/Won rate co-move
throughout this period
Figure 1. Index of Exchange Rates of Chinese Yuan, Japanese Yen, and
Korean Won (2000-2015)
130
120
110
100
90
80
70
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
China(dollar/yuan)

Japan(dollar/yen)

Korea(dollar/won)

Source: Authors’ calculations using Bank of Korea data (accessed January 30, 2016).
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save for 2007-2009 and 2014-2015. The dollar/Yen and dollar/Won rate
move in opposite directions during the 2007-2009 and 2012-2015 periods.
The downward dollar/Yen rate (Yen depreciation) resulting from
Abenomics and Japan’s quantitative easing (QE) policy may largely accounts
for sluggish nominal exports of Korean products, many types of which,
including electronics and automobiles, compete against Japanese products
in most regions.
Table 5 presents Armington elasticities based on the equation (5) specification estimated using panel data of fifteen annual observations of ten
countries during the period 2000-2014, with destination countries’ fixed
effects controlled. For ease of forecasting, we used nominal variables,
GDP in current prices, and nominal exchange rates. We estimate a partial
equilibrium model in the export market that employs panel rather than
time-series data. Therefore, simultaneity bias between GDP and export
would not be large and can be ignored. Using three cross exchange rates
rather than the single Won/dollar rate mitigates the potential for simultaneity bias between the export and exchange rates.
Estimated coefficients have the expected signs. Korean aggregate exports are significantly positively affected by an increase in trading partners’
Table 5. Estimates of Armington Elasticities in a Static Model
with Nominal Variables

Notes: *, **, ***: significant at the 10%, 5%, and 1% level, respectively. Number of observations: 150. Rsquare: 0.9221.
Source: Authors’ calculations.
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GDP as well as by depreciation of the Won (i.e., an increase in the
Won/dollar rate). Korean exports also tend to increase with an increase in
a trading partner’s population. As the Yen and Yuan weaken against the
dollar, Korean exports in current prices decrease. At least in nominal terms,
the depreciation of Yen could make Korea’s intermediate imports from
Japan more attractive to domestic consumption than exports. The depreciation of Yuan could erode real income of the Chinese economy and could
work against import demand from Korea. The coefficients of relative price
level and of the prime rate between Korea and destination countries are
not significant while the coefficient of population of the trading partner
country is significant.
As equation (4) predicts, an increase in imports is expected to accompany an increase in a destination country’s income. Estimated income elasticity of Korean aggregate exports is 0.755. Aggregate exports are also expected to increase significantly with depreciation of Korea’s currency (i.e.,
an increase in the Won/dollar exchange rate). Lee’s (2012) analysis of the
export growth rate of large and medium-size companies in Korea by exchange rate variation revealed a one percent increase in the Won/dollar
exchange rate to increase by 0.236, 0.435, and 0.368 percent, respectively,
exports by large, medium-size, and all companies. Yoon’s (2007) estimates
of the effect of the exchange rate on export unit price and commodity exports using data on comparative advantage in Korea shows the
Won/dollar exchange rate to have a negative effect on major commodities,
a ten percent appreciation being associated with an approximately zero to
three percent reduction in major export commodities. Our estimation suggests a much greater impact, a one percent depreciation of the Won/dollar
exchange rate increasing exports by 0.755 percent, which is more than predicted by previous studies, and one percent depreciation of the Yen/dollar
and Yuan/dollar exchange rate reducing exports by 0.583 percent and 0.566
percent, respectively. Korea’s exports are thus reacting significantly to varia-
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tion in not only the Won/dollar, but also Yen/dollar and Yuan/dollar, exchange rates. In nominal terms, a one percent depreciation of Yen and Yuan
combined is expected to reduce Korea’s total exports by 1.14 percent.

2. Estimates of Armington Elasticities in a Static Model with Real Variables
Here we compare with the Armington-type trade model developed in
Section 4.1, which used the nominal exchange rate, estimations of
Armington elasticity that gauge the effect on exports and value-added of
using real GDP and real effective exchange rates. Figure 2 plots recent
movement of the real effective exchange rates of China (Yuan/dollar), Japan (Yen/dollar), and Korea (Won/dollar) during the period 2000-2015.
The Yuan and Won are observed to have appreciated sharply since the
global financial crisis in 2008. In 2007, the real effective exchange rate of
the Korean Won was as high as 130, of the Yen as low as 82. By 2015, this
picture was reversed, the Korean Won having appreciated to the level of
112 Won/dollar, the Japanese Yen sharply depreciated to the level of 70
Yen/dollar. The gap between Yen and Yuan was even more profound.
Equivalent real effective exchange rates of 86 Yuan/dollar and 86
Yen/dollar circa 2006 had by 2015 increased to 130 Yuan/dollar, and decreased to 70 Yen/dollar.
Figure 2 reveals the pre-and post-crisis periods to have been extremely
volatile for the exchange rate regimes in East Asia, even in terms of real
effective exchange rates. Excepting the period of the global financial crisis
(2005-2008), strong co-movement was observed between the real effective
exchange rate of dollar/Won and dollar/Yuan, and counter-movement
between these rates and the real effective exchange rate of the dollar/Yen.
We further conjecture that the sharper slowdown of China’s and Korea’s
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Figure 2. Real Effective Exchange Rates of China, Japan and Korea
(2000-2015)

Source: Authors’ calculations using IMF data (accessed April 10, 2015).

than of Japan’s exports in the latter half of 2015 could be the cumulative
result of the prolonged appreciation of the Yuan and Won combined with
the slowdown in China’s GDP growth.
Estimates of Armington elasticity using real exports, real GDP (RGDP)
and real effective exchange rates (destination country FE model) are presented in Table 6. Although the coefficients are estimated with the expected signs,
the real elasticity of trading partners’ RGDP is 0.462, which is smaller than
the nominal elasticity (0.755) estimated in Table 5. On the other hand, the
elasticity of the real Won/dollar rate (0.106) is much smaller than the elasticity of the nominal Won/dollar rate (0.928). Korea’s export reduction
thus appears less sensitive to the effects of real than of nominal exchange
rate variation. It is interesting to note that the elasticity of the real
Yen/dollar rate (0.771) has changed both its sign and magnitude from the
elasticity of nominal Yen dollar rate (-0.583) but the elasticity of real Yuan/dollar rate (-0.165) has become smaller and less significant than the
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Table 6. Estimates of Armington Elasticities Using Real Effective Exchange Rates

Notes: *, **, ***: significant at the 10%, 5% and 1 % level, respectively. Number of observations: 150. Rsquare: 0.3959.
Source: Authors’ calculations.

elasticity of nominal Yuan/dollar rate (-0.566) without changing the sign.
The interpretation of the estimation result in real terms is that the real Yen
depreciation against dollar may be conducive to Korea’s real export
through its positive impact in reducing prices of intermediate imports
from Japan. On the other hand, the effect of a depreciation of real Yuan/dollar rate does not contribute to Korea’s real export probably because
the real income effect in China reinforce export substitution effect caused
by the Yuan depreciation. The real effects of exchange rate variations in
Yuan/dollar rate make Korea’s export reduction less sensitive than the
nominal effects after price adjustments.
We also examined the effect of real exchange rate variation on countryspecific exports. Table 7 reports the country-specific regression results of
the Armington elasticity model using Korea’s aggregate exports (in real
term) to each region as dependent variables. The coefficients of real GDP
in the country-specific regression are not mostly significant. A one percent
depreciation of the real Won/dollar rate is expected to result in Korea’s
exports to the United States increasing by 0.86 percent, and to China and
Japan decreasing by 0.88 and 0.36 percent, respectively. A one percent depreciation of the real Yen is expected to result in Korea’s exports to Japan
increasing by 0.52 percent and to China and the United States decreasing
26 A Short-term Export Forecasting Model using Input-Output Tables

by 0.44 and 0.03 percent, respectively. A one percent depreciation of the
real Yuan is expected to result in Korea’s exports to China and Japan decreasing by 1.57 and 1.61 percent, respectively, and to the United States
increasing by 1.57 percent.
Expanding in Table 8 the country-specific data set into a panel data set
with 10 categories of export products increases the number of observations of each country’s regression to 150. Real GDP growth has a positive
impact on Korea’s exports of semiconductors and other products except
mobile telecommunications equipment, petro-chemical products and rest

Table 7. Country-specific Regression Results of the Armington Elasticity
Model with Real Effective Exchange Rates

Notes: *, **, ***: significant at the 10%, 5%, and 1% level, respectively. Number of observations: 15.
Source: Authors’ calculations.
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of products. The real Won/dollar rate has mixed signs on different products: A real depreciation of Korean Won is expected to increase semiconductors, petroleum, automobiles and rest of products. A depreciation of
real Yen/dollar or Yuan/dollar rate is expected to increase only semiconductors, petroleum and rest of products but is expected to reduce all other
export products. The relative price term (PPI) also has missed signs on
each product. However, the real prime rate has positive effects on the real
exports of all categories except automobiles and mobile telecommunications equipment. The population term has all the positive effects on all
products except Petroleum and Rest of Products. Therefore, we can conclude that the estimated Armington elasticities in the models disaggregated
Table 8. Product-specific Regression Result of the Armington Elasticity
Model with Real Effective Exchange Rate

Notes: *, **, ***: significant at the 10%, 5%, and 1% level, respectively. Number of observations: 150.
Source: Authors’ calculations.

28 A Short-term Export Forecasting Model using Input-Output Tables

by either country or products tend to have mixed signs in general.
Our examination of real exchange rate effects on country-specific real
exports shows, in Table 9, a one percent appreciation of the real Won/
dollar rate to reduce Korean exports to the United States by 0.86 percent,
and increase Korean exports to China and Japan by 0.88 and 0.86 percent,
Table 9. Impact of Real Effective Exchange Rates on Exports by Region

Source: Authors’ calculations.

Table 10. Impact of Real Effective Exchange Rates on Exports by Commodity

Source: Authors’ calculations.
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respectively. A one percent depreciation of the real Yen/dollar is expected
to increase Korean export to Japan by 0.52 percent and reduce Korean
export to China and the United States by 0.44 and 0.03 percent, respectively. A one percent depreciation of the real Yuan/dollar rate is expected to
increase Korean export to the United States by 1.57 percent and decrease
Korean export to China and Japan by 1.57 and 1.61 percent, respectively.
Table 10 summarizes the impact of real effective exchange rate variation on Korean exports by commodity. A one percent appreciation of the
real Won/dollar rate is expected to reduce real exports of semiconductors,
petroleum and automobiles exports by 1.80, 0.48, and 0.36 percent, respectively, while exports of all other products are expected to increase. A one
percent depreciation of the Yen/dollar rate is expected to increase real
exports of semiconductors, petroleum, and rest of products by 1.16, 0.08,
and 0.43 percent, respectively but reduce real exports of all other products.
A one percent depreciation of the Yuan/dollar rate is expected to increase
real exports of semiconductors, petroleum, and rest of the products by
1.28, 1.48, and 0.53 percent, respectively.
Table 11 shows how real exchange rate variation is expected to affect
exports and value-added by product, a one percent appreciation of the real
Won/dollar rate being expected to reduce value-added for exports of semiconductors, petroleum and automobiles by 1.69, 0.29, and 0.32 percent,
respectively and increase value-added for exports of shipbuilding and mobile telecommunications equipment by 2.75 and 2.50 percent, respectively.
The simulation shows the value added of display devices and sensors to be
relatively sensitive to the exchange rate and high value-added inducement,
value-added increasing by 3.81 percent with a one percent appreciation of
the real Won/dollar exchange rate. The effects of real Yen and Yuan depreciation is expected to increase value added of semiconductor, petroleum and rest of products but expected to reduce value added of all other
products.
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Table 11. Impact of Real Effective Exchange Rates on Value Added by Commodity

Source: Authors’ calculations.

When all the results are combined, a depreciation of the real
Won/dollar rate is expected to increase real exports of semiconductors,
petroleum and automobiles exports while exports of all other products are
expected to decrease. A depreciation of the real Yen/dollar rate and Yuan/dollar rate is expected to increase Korean export of semiconductors as
well, we can conjecture that Korea’s trade structure with Japan and China
is complementary than substitutable in case of semiconductors. Since the
export of semiconductors has the highest portion in Korean exports, it
helps to interpret the results in Table 6, a depreciation of Yen/dollar affects Korean exports positively in the aggregate regression. The other
products exported from Korea seem to compete with Japanese and Chinese products in the global market.
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V. Estimation of Armington Elasticities
in a Dynamic Model

1. A Dynamic Error Correction Model of Armington Elasticities
Following Johnston and Dinardo (1997: 244-247), we consider the following simple autoregressive distributed lag (ADL) relation, ADL(1,1):
(6)
where the dependent variable (y) is real export and the explanatory variable
(x) of our main interest is real GDP and

are a vector of other explana-

tory variables such as real exchange rates, relative price, prime rates and
population and

is a disturbance term.

Taking the partial derivatives of current y and future values of y with
respect to x, and summing up them yields the long-run effect of
If

(stability condition), the sum is

on y.
Then a

static equilibrium equation is as follows.
(7)
An alternative way to derive equilibrium equation is to replace with
their respective long-run values all values of y and x in equation (6) and set
the disturbance term to zero.
We specify the following export function:
(8)
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where Y = Real Export, X = Real GDP and Z = the vector of other variables: Real Won-dollar exchange rate, Real Yen-dollar exchange rate, Real
Yuan-dollar exchange rate, PPI (Producer Price Index), Prime rate and
Population of trading-partner country, etc.
The above specification can be written in natural logarithmic form as
(9)
where y = log Real Export, x = log Real GDP and

= log Z,

and where
(10)
By re-parameterizing equation (6), replacing
with

and

with

with

,

as follows:

(11)
Rearranging equation (11) derives an error correction model (ECM):
(12)
The change in yt depends on the change in xt and correction of
deviated from the equilibrium relationship with variable x. If the error correction term in the bracket is positive, there is a downward correction,
once the stability condition is satisfied.
A dynamic equilibrium model can be established if we assume X (GDP)
to grow at a steady rate, g. Substituting in equation (12) yields the following
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dynamic equilibrium6:
(13)
or
(14)
Note that
is so called multiplicative constant, and we can
see that the multiplicative constant in static equilibrium,
,
is different from that of dynamic equilibrium,
except the case of zero growth.
2. Estimates of Armington Elasticities in a Dynamic Model
We estimate a long-run dynamic Armington model by conducting a
unit root test and a co-integration test. ADF (Augmented Dicky-Fuller)
unit root test was carried out to a set of real variables including real export,
real GDP, real Won, real Yen and real Yuan. As reported in Table 12, all
of the real variables except real Won/dollar rate and Yuan/dollar rate are
non-stationary and have a unit root by the ADF test. The result of Kao
residual co-integration test is also presented in Table 12. The null hypothesis of no co-integration is rejected which suggests that there is at least one
co-integration relationship among real variables.
Estimates of Armington elasticities based on a dynamic error correction
model is reported in Table 13. The estimated coefficient of immediate response is 0.299, which is smaller than the estimated short-run coefficient
(0.462) in the static model with real variables reported in Table 6. The co6

Equation (13), (14) and their derivation procedure directly follows Johnston and Dinardo
(1997: 246).
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Table 12. Unit Root Tests and Kao Test for Co-integration
ADF Unit Root Tests for Real Variables 1)

Kao Residual Co-integration Test 2)

Notes: 1) ADF=Augmented Dicky-Fuller Test. Exogenous variables: Individual effects, individual linear
trends. lag: 1.Total (balanced) observations: 130. Cross-sections included: 10.
2) Kao residual co-integration tests the null of co-integration. Series: Real Export, RGDP, Real
Won/dollar, Real Yen/dollar, Real Yuan/dollar. Observations: 150. Trend assumption: No deterministic trend, lag length: 1 Included observations: 130. R-squared: 0.160.
Source: Authors’ calculations.

efficient of the lagged RGDP being -0.288 and statistically significant implies that the immediate response from the dynamic model would be adjusted downward at the end of the next period. The long-run effect of a
unit change in GDP is obtained by summing partial derivatives, provided
the stability condition

is satisfied. The sum of partial de-

rivatives is equal to

and is significantly different from the null hypothesis value of 1, thereby
rejecting the null-hypothesis of the long-run unit elasticity of GDP on export.
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Table 13. Estimates of Armington Elasticities in a Dynamic Error
Correction Model

Notes: *, **, ***: significant at the 10%, 5% and 1 % level, respectively. Number of observations: 150. Rsquare: 0.8365.
Source: Authors’ calculations.

Estimates of the impact of exchange rates differ somewhat between the
dynamic and static models. Depreciation of the real Won/dollar rate is
expected to increase Korean exports in the static model, but generate a
weak negative immediate impact on Korean exports in the dynamic model.
Depreciation of the Yen, on the other hand, is expected to generate an
immediate positive response to Korean exports in both the static and dynamic model even though its long-run effect (0.067) is much weaker than
its short-run effect (0.771). Depreciation of the Yuan is expected to generate an immediate negative static impact (-0.165), and immediate weaker
negative dynamic impact (-0.089), on Korean exports. That the relative
price term (PPI) has a negative coefficient (-0.596) in the short-run, but
has a weaker negative coefficient (-0.148) in the long-run dynamic model
suggests that the impact of relative price changes on real exports can be
stronger in the short-run than in the long-run model. Other coefficients of
prime interest rate (Prime), and population retain the same signs and weaker in magnitude in the long-run model than in the short-run model presented in Table 6.
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VI. Summary and Policy Implications

The present paper assesses the impact of income (GDP) and exchange
rate variation on Korean exports. An Armington-type trade model is constructed using a direction of trade matrix linked to input-output tables. We
estimated Armington elasticities from static models using nominal and real
variables, respectively, and dynamic error correction model.
Examination of the movement of the nominal exchange rates of the
three currencies in East Asia during the period 2011-2014 revealed that of
the dollar/Yen to have begun to depreciate significantly subsequent to the
quantitative easing of the Yen, and those of the dollar/Yuan and dollar/Won to have co-moved in the opposite direction, resulting in mild appreciation. Regarding the movement of the real effective exchange rates of
the three currencies, it reveals, except during the global financial crisis period of 2005-2008, strong co-movement of the dollar/Won and dollar/Yuan real effective exchange rates, and between 2011 and the first half
of 2015 counter-movement in the direction of appreciation against the real
effective exchange rate of the dollar/Yen.
Estimates of Armington elasticities based on 15 annual observations of
10 countries show an increase in trading partner countries’ aggregate GDP
to significantly increase aggregate Korean exports to all countries. A one
percent increase in aggregate nominal GDP in ten trading regions is expected to increase aggregate nominal Korean exports by 0.755 percent. An
increase in the Won/dollar exchange rate (that is, depreciation of the Korean currency) also significantly increases aggregate Korean exports. A one
percent depreciation of the Won/dollar exchange rate increases Korean
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exports by 0.928 percent, which is greater than reported in previous studies.
A one percent depreciation of the Yen/dollar and Yuan/dollar exchange
rates reduce aggregate Korean exports by 0.583 and 0.566 percent, respectively.
All of the estimates of Armington elasticity using real GDP and real effective exchange rates from the aggregate regression of pooled data of 10region with 15 annual observations have expected signs. However, in
comparison with its counterpart with variables in nominal terms, the real
elasticity of trading partners’ GDP is 0.462 which is smaller than the shortrun GDP elasticity (0.755) using nominal variables. On the other hand, the
elasticity of the real Won/dollar rate became much smaller (0.106) than the
elasticity of the nominal Won/dollar rate (0.928). Both the elasticity of the
real Yen/dollar rate and Yuan/dollar rate (0.771 and - 0.165) have changed
from their nominal elasticity estimates (-0.583 and -0.566). The real effects
of the exchange rate variations make reduction of Korean exports in response to a depreciation of Yen or Yuan less sensitive or more sensitive
respectively than the nominal effects. While a depreciation of Japanese Yen
and Chinese Yuan in nominal rate on Korean exports has negative effects
in the short-run, but Japanese Yen’s real depreciation facilitates increases in
Korea’s real exports consistently in both the short-run and long-run. We
conclude that the effects of the exchange rate variation cannot be unidirectional in both short-run and long-run because it affects the relative competitiveness of imported intermediate goods.
Disaggregated versions of the Armington export model were estimated
using real GDP and real effective exchange rates for Korea’s exports. We
ran country-specific regressions by summing all 10 categories of export
products and constructing a panel of 10 products by 15 time-series data
with 150 observations. A one percent appreciation of the real Won/dollar
rate is expected to reduce real exports of semiconductors, petroleum and
automobiles exports by 1.80, 0.48, and 0.36 percent, respectively, while
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exports of all other products are expected to increase. A one percent depreciation of the Yen/dollar rate is expected to increase real exports of
semiconductors, petroleum, and rest of products by 1.16, 0.08, and 0.43
percent, respectively but reduce real exports of all other products. A one
percent depreciation of the Yuan/dollar rate is expected to increase real
exports of semiconductors, petroleum, and rest of the products by 1.28,
1.48, and 0.53 percent, respectively. Combining those results, we can conjecture that Korea’s trade structure with Japan and China is complementary
than substitutable especially in case of semiconductors. For the other
products, we can conclude that Korean exports are vulnerable to variation
not only in the Won/dollar, but also in the Yen/dollar and Yuan/dollar
exchange rates.
Finally, we have estimated a dynamic error correction model to examine
the long-run properties of Armington elasticities. In order to estimate a longrun dynamic Armington model, we have carried out a unit root test and a
co-integration test. ADF test was carried out to a set of real variables including real export and RGDP. All of the real variables except Won/dollar and
Yuan/dollar rates are non-stationary and have a unit root. The null hypothesis of no co-integration is rejected by Kao test which suggests that there is at
least one co-integration relationship among real variables.
The estimate (0.067) of long-run elasticity of GDP on export rejects the
null hypothesis of unit long-run elasticity. Therefore, we can conclude
while the immediate impact multiplier from the static model is estimated as
0.755 and that from long-run dynamic model as 0.299, the estimated longrun GDP multiplier (0.067) is far less than one and smaller than short-run
static multiplier (0.755). The impact of partner countries’ GDP by one percent is expected to generate Korea’s export positively but only by about
0.067 percent in the long-run. It implies Korea’s export performance will
depend on trading-partner countries’ GDP growth rates but it cannot expect to have a cumulatively larger long-run positive effect than its short-
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run positive effect. It also implies that Korean exports scarcely increases,
given a positive income shock in trading partner countries, especially in the
long-run, and tend to be replaced by foreign alternatives. That this reflects
not only price, but also intensifying technology competition in the global
market suggests the need for a diversification policy that emphasizes technological catch-up as well as pursuit of both destination and export products.
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국문요약

한국은 2014년 말부터 수출실적의 격감을 경험하고 있다. 2015년에는 12개월 동
안 한국의 총 수출액이 경상가격 기준으로 전년대비 8% 감소하였다. 이러한 한
국수출의 격감요인으로 지난 수년간 진행되어온 일본 엔화의 평가절하와 2015년
에 있었던 중국의 경기하락, 그리고 그에 따른 위안화의 평가절하를 지적할 수
있다. 환율변동의 효과와 해외수요의 감소가 수출에 미치는 효과를 분석하기 위
하여 Armington(1969)과 같은 부문특정적이고 지역특정적인 무역모형이 필요하
다. 그러나 통상적인 무역모형은 부가가치와 고용효과를 추적할 수 없으므로 우
리는 Armington형 모형을 투입산출표에 연결하는 연쇄모형 (linkage model)을
이용하였다. 이 논문의 주요결과는 다음과 같다. 첫째, 원화의 실질실효환율 상
승이 단기에서는 한국의 실질수출에 긍정적인 영향을 미쳤으나, 장기에서 효과가
없는 것으로 나타났다. 둘째, 일본 엔화와 중국 위안화의 평가절하가 명목 변수
를 사용한 실증분석에서는 한국의 수출에 단기적으로 부정적인 영향을 미치는
것으로 나타났으나, 실질실효환율을 이용한 분석에서는 엔화 평가 절하가 오히려
한국의 수출을 단기와 장기에서 모두 증가시키는 것으로 나타났다. 마지막으로,
교역 상대국 GDP가 한국의 수출에 미치는 장기 탄력성 추계치(0.067)는 명목변
수를 이용한 단기 탄력성 추계치(0.755) 및 실질변수를 이용한 단기 탄력성 추계
치(0.462) 보다 훨씬 작은 것으로 나타났다. 이는 교역상대국의 GDP가 증가하더
라도 장기적으로 한국 수출의 증가 폭이 크지 않다는 것을 의미하며, 이러한 관
점에서 한국 수출의 지역별∙품목별 다변화뿐 아니라 기술향상을 위한 노력이 요
망된다.
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Korea’s export performance has exhibited a remarkable downturn since the end of 2014, declining over the 12
months of 2015 by about eight percent in nominal terms. Conjecturing this to reflect depreciation of the Japanese
Yen and, during the second half of 2015, of the Chinese Yuan coupled with a sudden decline in China’s import
demand, we apply an Armington (1969)-type trade model to match international trade data with input-output tables
in order to identify the sources of export variation in Korea to analyze the effect of income (GDP) and exchange rate
variation. That Korean exports, given a positive income shock in trading partner countries, tend to be replaced by
foreign alternatives reflects a tightening of technology as well as price competition in the global market, and
suggests as an optimal export promotion strategy for Korea the pursuit of technological progress and a
diversification policy that encompasses both destination and export products.
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