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Estimating the Effects of
Exchange Rate Volatility on
Export Volumes

Kai-Li Wang and Christopher B. Barrett

This paper takes a new empirieal look at the long-standing question of the effect of
exchange rate volatility on international trade flows by studving the case of Taiwan’s
exports tothe United States from 19891998 In part ieular, we employ sectoral-level,
monthly data and an tonovative multivariate GARCH-M estinator with corrections
for leptokurtic ervors. This estimator allows for the possibility that traders’ forward-
looking contracting behavior might condition the way in which exchange rate
mevement and associated risk affect trade volumes. Change in importing country
industrial production and change in the expected exchange rate are found to jointly
drive the trade volumes, More strikingly, monthly exchange rate volatility affects
agricultural trade flows, but not trade in other sectors, These results differ signil-
icantly from those obtained using more conventional and restrietive modeling
assumphinns,

Kev words: agricoltural trade, exchange rate, expectations, GARCH

Introduction

One of the leading conundrums in international economics concerns the relationship
between exchange rate risk and international trade volumes. The widespread popular
perception that greater exchange rate risk reduces trade has helped motivate monetary
unification in Europe (European Union Commission, 1990) and is strongly related to
currency market intervention by central banks {Bayoumi and Eichengreen, 1998). Most
current microstructural theoretical models of exporter behavior predict a negative
relation between exchange rate risk, reflected in the conditional variance of the
exchange rate, and export volumes [see Barkoulas, Baum, and Calgayan (2002) for one
gond, recent examplel.

Vet a vast economic literature yields highly inconsistent empirical results on this
issue. One common argument is that exporters can easily ensure against short-run
exchange rate fluctuations through financial markets, while it is much more difficult
and expensive to hedge against long-term risk. Cho, Sheldon, and McCorriston (2002},
DeGrauwe and de Bellefroid (1986), Obstfeld (1995), and Peree and Steinherr (1989),
for example, demonstrate that longer-run changes in exchange rates seem to have more
significant impacts on trade volumes than do short-run exchange rate fluctuations that
can be hedged at low cost.

Kai-Li Wang is sssoviate professey, Department of Finanes, Tunghss University, Taiwan: Christopher B Barrelt is
International Professor, Department of Applied Bronomies ard Management, Cornel] University, We thank two anunymous
ceviewers snd the editor, Terry Glaver, for helpful eommends on a previons version. The psual disclaimer applies.

Heview coordinated by T, F. Glover and David K Lamberis publieation derision made by David K. Lambert.



226 Awngust 2007 Jowrnal of Agriculiural and Resowrce Feonemics

On the other hand, Vianne and de Vries (1992) show that even if hedging instruments
are available, short-run exchange rate volatility still affects trade because it increases
the risk premium in the forward exchange rate. Doroodian (1999), Krugman (1989),
Mundell (20003, and Wei (1999} argue that hedging is both imperfect and costly as a
basis to avoid exchange rate risk, particularly in developing countries and for smaller
firms more likely to face liquidity constraints. This le ds to the conventional argument
that exchange rate volatility causes revenue uncertainty which will dampen trade due
to risk aversion, irreversible investment in productive capital, or hoth (Ethier, 1973;
Demers, 1991; Sercu, 1992). Delirauwe {1988) nicely illustrates how the relationship
between exchange rate volatility, whether long run or short run, and trade flows is
analytically indeterminate when one allows for sufficient flexibility in assumptions. This
suggests the effects of exchange rate volati lity on trade volumes remain a fundamentally
empirical issue.'

The empirical literature on this topic is mixed. Several authors have found that
exchange rate uncertainty may induce marginal producers and traders to shift from
trade to nontraded goods, thereby dampening trade volumes {Arize, Osang, and Slottje,
2000, 2004; Broda and Romalig, 2004; Chowdhury, 1993; Pozo, 1992). In contrast, other
studies have found exchange rate volatility may stimulate trade ( Diellas and Zillberfarb,
1993: Frankel, 1992; Sercu and Vanhulle, 1992). Finally, many empirical studies have
failed to establish any significant link between measured exchange rate rariability and
the volume of international trade (Aristotelous, 2001; Assery and Peel, 1891; Gagnon,
1993: Tenreyro, 2004). The empirical evidence on this relationship is therefore equally
ambiguous to the theoretical evidence.

One possible reason for such mixed results is the aggregation problem. The effects of
exchange rate volatility on export volumes may vary across sectors ( Bini-Smaghi, 1991;
Klein, 1990: Maskus, 1986; McKenzie, 1999). This might occur because the level of
competition, the nature of contracting—and thus the price-setting mechanism-the
currency of contracting, the use of hedging instruments, the economic scale of
production units, openness to international trade, and the degree of homogeneity and
storability of goods vary among sectors. To date, most studies have focused on industrial
countries and on manufactured exports. Intersectoral differences in exporters’ access to
financial instruments, currency of contracting, production scale, sto -ability, ete, may
be particularly pronounced in developing countries, perhaps especially compared to
agriculture based largely on traditional production methods practiced by many small-
seale, private producers and larger-scale, hi gher-technology manufactured goods sectors
that typically enjoy state support. This contrast is only accentuated by the fact that
agriculture is typically a notably competitive sector with flexible pricing on relatively
short-term contracts more likely to be denominated in U.S. dollars, irrespective of the
exporter’s home country. Further, agricultural commodities are relatively homogeneous
and typically less storable than is true of merchandise exports in other sectors (Frankel,
1986; Kim and Koo, 2002; Schuh, 1974 Bordo (1980) and Maskus (1986} therefore
argue that agricultural trade volumes may be far more responsive to exchange rate
changes than is trade in manufactured goods. This may also translate into greater trade
volume sensitivity to exchange rate risk in agriculture compared to other sectors of the
economy (Anderson and Garcia, 1989; Maskus, 1986).

' MeKenzie {1999 offers a mare detailed sl comprehensive review of this Berature.
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The empirical evidence on this point remains thin and somewhat inconclusive,
especially as regards agricultural exports from developing countries. For example, Klein
(1990) comprehensively tests the impact of exchange rate uncertainty on U.S. monthly
bilateral sectoral exports to six major industrial countries, and finds that exchange rate
volatility negatively affects agricultural exports, far more than trade volumes from other
sectors. Pick (1990) indicates exchange rates adversely affected U.S. agricultural exports
to developing countries, underscoring the importance of exchange rate risk in trading
behavior of developing countries.

Recently, Cho, Sheldon, and McCorriston (2002) found the negative impact of uncer-
tainty on agricultural trade has been more significant compared to other sectors for a
sample of bilateral trade flows across 10 developed countries. Using monthly data
disaggregated by markets of destination and sectors, de Vita and Abbott (2004) reported
that UK exports to the EU 14, in aggregate and across sectors, are largely unaffected by
short-term exchange rate volatility. In contrast, Langley et al. (2000) found exchange
rate volatility had a positive impact on Thailand’s poultry exports, but no statistically
significant effect on aggregate exports. To date, we know of no study that compares the
impact of exchange rate volatility on agricultural exports versus trade volumes from
other sectors from a developing country to the United States. That is the topical innova-
tion of this paper.

This topic is of particular salience to contemporary economic policy in middle-income
economies heavily dependent on international trade and in the midst of what Timmer
(1988) terms the “agricultural transformation.” Foreign trade has been the engine of
Taiwan’s rapid growth over the past half century. Agriculture played a very important
role in the country’s accelerating economic growth in the 19605 and 70s, but beginning
in the early 1980s, Taiwan turned from being a net agricultural exporter into a net
agricultural importing nation with an annually expanding agricultural trade deficit. In
recent vears, faced with pressures due to trade liberalization and globalization, the
challenge of how to promote agricultural sector growth, especially in exports, has
become a high-level policy issue in Taiwan. The United States is Taiwan's largest export
market overall and is the main source of Taiwan’s agricultural imports.”

Exports to the United States during the 1989-1998 study period were mainly
clectronies and consumer goods, while Taiwan’s major agricultural exports to the United
States included frozen fish, aquaculture and sea products, canned and frozen vegetables,
and grain products. Our hypothesis is that sectoral and temporal disaggregation of the
trade and exchange rate data might bring the contrast between the agricultural and
nonagricultural sectors in developing countries into sharper focus as it concerns the
issue of the effects of exchange rate volatility on trade flows.

One of the main contributions of this study, however, is methodological. Tenreyro
(2004) argues that the methods conventionally used to examine the impact of exchange
rate volatility on trade are plagued by a variety of estimation problems. McKenzie's
(1999) excellent survey of the literature emphasizes a few key points in charting the
empirical road ahead. These include (@) the need for care in specifying the technique by
which exchange rate volatility is measured, ideally with increased attention paid to
traders’ forward-looking contracting behavior; (b) necessary correction for prospective

S paiwenn is the United States sighth largest trading partaer averatl, bebind only Cansds, Mexien, Japan, PR China,
Germany, the United Bingdom, and K

aned s GER largest market for agrisultural exports, behind Japan, Canads,
Mexico, and Korea (Ministry of Forelgn Affabrs of the Hepublic of China, 2001 (online at hitpHwww mafsgov twil
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problems of serial correlation, nonstationarity and nonnormality in time-series data;
and (¢) the importance of using data disaggregated by sector, market, and time period.

In this paper, we offer a new look at the exchange rate volatility-trade relationship
which. for the first time to the best of our knowledge, addresses each of these three
issues simultaneously. Specifically, we rely not on measures of realized exchange rate
volatility, as is commonplace in this literature,” but instead on forward-looking
conditional variance estimates that exporters could have generated using a generalized
autoregressive, conditional heteroskedasticity (GARCH) model (Bollerslev, 1986; Engle,
1982) to proxy for exchange rate risk, as has become reasonably standard in the
empirical finance literature over the past deeade or so. This specification is consistent
with the assumption that exporters incorporate all available information into their
estimates of future exchange rate volatility (Taylor and Spriggs, 1989). We offer what
we believe to be the first attempt to incorporate traders’ forward-looking expectations
of the level and volatility of exchange rates into a model explaining trade volume
patterns, especially disaggregated by sector. Toward this end, we develop and apply a
novel multivariate generalized autoregressive conditional heteroskedasticity-in-mean
model (IMGARCH-M), which accommodates nonnormality in regression residuals and
attends to each of the three problems McKenzie (1999) identified in this literature.

The remainder of the paper is structured as follows. The next section briefly moti-
sates our approach to specifying exchange rate volatility. Model specification and related
econometric questions are then presented, followed by a discussion of our estimation
results. Concluding remarks are given in the final section,

Estimating Exchange Rate Volatility

We start with the maintained hypothesis that agents are concerned about the real
exchange rate, not nominal rates.! As several studies have demonstrated, this
assumption makes little difference in practice; nominal and real exchange rate series
generate nearly identical empirical results (MceKenzie and Brooks, 1997; McKenzie,
1999: Qian and Varangis, 1994). The level and returns’ of the NT$/US$ exchange rate
series we use in estimation are plotted in figures 1 and 2, respectively,

A few crucial issues underpin many of the empirical inconsistencies in the existing
literature. The first is how a trader conceptualizes exchange rate risk and incorporates
it into trade contracting decisions. We assume traders are forw ard-looking because they
may make contractual commitments to trade volumes before they know the exchange
rate that will prevail at time of delivery. Precisely because there exists considerable
inter-sectoral variation in the extent to which {irms forward contract internationally or
must pre-commit assets (e.g., cultivable land) to a particular product, this forward-
looking formulation of exchange rate levels and volatility may matter in some sectors
where forward contracting and short-run quasi-fixity are important, as in agriculture,

U The most creenaasn measure of exchange rate volatility veed in this literature has been the moving average standard
deviation of the change in the sxchangs rate (Ariee, Osang, and Slatje, 2000 Cha, Sheldon, smd MeCorriston, 2002,
Claswdhury, TG de Vit and Abbott, 2004 Kenen and Rodrik, 1986 Kim and Boo, 2008 Koray and Lastrapes, 1BH3L A
range of recent suthers have noterd thiz systematically underestinates the effect of exchange rate risk and typically invelves
fsherently sd hoeo selection of the arder of the moving average process.

*The real exchange rate (RY 1 is defined as B+ O ot where B s the nominal NTEUSE exchange rate and P
and P represeat the US. and Taiwan wholesale price mdizes, respectively.

S Returns sre defined as the rate of change, pstimated as the first difference of the natural Ingarithem of the exchange rate,
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but not in other sectors. By incorporating multiple lags in expected exchange rates, our
approach allows for the possibility that traders form forward-looking expectations of the
moments of the conditional exchange rate distribution perhaps many months ahead,
based only on data available at the time of the decision. This allows for contracting
decisions at time £ + s (s > 0) based on forecasts made in period ¢ of the conditional mean
and variance of the exchange rate s periods ahead. Allowing for multiple lags permits
intersectoral and intertemporal variation in the impacts of expected exchange rate
movements on trade volumes,

The second feature differentiating our econometric strategy is that most of the extant
empirical literature uses realized, rather than expected, exchange rate volatility, as
proxied by measures such as the absolute percentage changes in the exchange rate,
lagged standard deviations, or moving average variance around trend. These measures
either impose an assumption of adaptive expectations, wherein economic agents use
only past exchange rates to predict future exchange rate distributions, or impose an
assumption of fulfilled expectations—i.e., agents accurately predict the time path of
exchange rates up to the delivery period—and thereby suffer endogeneity, as when
centered moving averages are used in spite of the fact that future exchange rate
movements are almost surely affected in part by current trading behaviors. All
measures that use realized values of exchange rate volatility suffer both conceptual and
statistical problems of various sorts (Lanyi and Suss, 19821 As we report later, for the
sample data studied in this paper, models based on estimates of agents’ rational
expectations of conditional mean and variance far outperform those based on realized
level and volatility statistics,

The period over which agents form expectations likewise matters. The literature
generally assumes contemporaneous or one-period lagged relationships hetween
exchange rates and trade volumes. In part, this is due to widespread use of quarterly
or annual data, and it would seem reasonable to expect that contracts typically lock in
nominal prices only out to a six-month horizon or so. But when one uses higher fre-
quency data, as the literature increasingly acknowledges is preferable, it then becomes
less clear what lead/lag structure one ought to employ. Our approach is to let the data
speak for themselves. We use established statisti -al methods to test for appropriate lag
structures. Furthermore, the econometric literature generally supports the use of
autoregressive moving average (ARMA) specifications as a convenient, reduced-form
method of capturing rational expectations processes of uncertain lag structure (Feige
and Pearce, 1976 Nerlove, Grether, and Carvalho, 1979; Walliz, 19803, We follow that
tradition.

The final major issue to be considered is how the econometrician proxies for the
exchange rate uncertainty perceived by economic agents, Even if researchers agree on
how agents conceptualize uncertainty and form expectations over exchange rate
distributions, there is no generally accepted method for quantifying thisrisk (McKenzie,
1999). Here we follow a burgeoning recent literature that relies on Bollerslev's (1986
generalized autoregressive conditional heterskedasticity (GARCH) model to allow for
time-varying conditional variance (i.e,, volatility clustering) in exchange rate series
{Caporale and Doroodian, 1994; Kroner and Lastrapes, 1993; MeKenzie and Brooks,
1997; Pozo, 1992; Qian and Varangis, 1994). Unlike most of this hiterature, however
[with the notable exceptions of Caporale and Doroodian (1994) and Kroner and
Lastrapes (1993)], we estimate the exchange rate process simultaneously with the trade
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volume equation using a multivariate GARCH-in-mean estimator,” thereby avoiding the
generated regressors problem which bedevils the rest of the literature that uses GARCH
modeling in a two-step process to identify the conditional variance of the (real) exchange
rate series (MeKenzie, 1999; Pagan, 19841

Meodel Specification

In specifying our econometric model, we take four further issues into consideration:
(@) potential intersectoral or temporal aggregation bias, (b) appropriate lag specification
for both the ARMA and distributed lag terms in the model, (¢) prospective time-varying
correlation in the trade volume and exchange rate equations’ regression errors, and
() potential nonnormality in the regression errors. We address these in turn in miro-
ducing our estimation framework.

Most previous studies use data on trade flows aggregated across sectors and overseas
markets and on exchange rates averaged over time, This necessarily imposes the strong,
undesirable assumption that the impact of exchange rate volatility is uniform across
sectors and destination markets, and introduces index number problems into the
determination of the relevant exchange rate for contracts written in any of several
currencies. Bini-Smaghi (1991), Klein (1990}, and McKenzie (1999) argue strongly for
sectorally disaggregated estimation of the trade-risk relationship and demonstrate that
disaggregation uncovers significant intersectoral variation in the effect of exchange rate
volatility on trade flows. As already discussed, there is strong reason to believe that
agriculture may be far more sensitive to exchange rate risk than are other sectors
{Maskus, 1986; Pick, 19901

A related aggregation issue concerns the frequency of the data used in estimation.
Due largely to data limitations, most studies employ lower frequency quarterly or
annual series to examine the trade and risk relationship (McKenzie, 1999). However,
temporal aggregation necessarily dampens exchange rate variability, which may make
identifying any true trade-risk relationship more difficult (Wang, Fawson, and Barrett,
2002). Furthermore, since trade contracts in many sectors include agreement for deliv-
ery in less than 90 days, even quarterly frequency data may be aggregating trade flows
excessively to identify short-term fluctuations in response to predicted changes in
exchange rate levels or volatility. This is true for many of the relevant agricultural
exports from Taiwan, such as fish and other highly perishable s afood products.
Temporal disaggregation may thereby complement sectoral disaggregation in permitting
inter-sectoral differences to reveal themselves more plainly.

Finally, rather than analyzing national-level exports irrespective of destination—and
thus the relevant exchange rate—we use monthly export data over 10 years (1989-1998)
from Taiwan to its largest trading partner, the United States, for eight different pro-
ductive sectors: (¢) animal and vegetable products and prepared foods; (b) textiles and
textile articles: (¢) wood, paper, pulp, and articles; (d) chemicals, plastics, rubber, and
articles: (e) primary metals and articles; (/) optical and precision instruments; (g1 elec-
tronic machinery; and (h) transportation. These sectoral categories correspond to
the Standard Classification of Commodities (SCC) codes of the Republic of China. We
constructed export volume series for each sector as the ratio of export values reported

£

S Phis builds on the seminal paper on ARCH-M estimstion by Engle, Lilien, and Rebins (18871



IR Ayggrnst 20T Jowrnal of Agricultural and Resource Fronomics

in the Monthly Statistics of Exports and Imports, Republic of China tape to the export
price reported in the serial Commodity Price Statistics Monthly in Taiwan Area of the
Republic of China. Panels A-H of figure 3 display these trade volume series. Some
industries (e.g., wood, paper, and pulp) exhibit clear export decline over time, while
other industries (e.g., electronics) show clear growth in trade volumes from January
1989 to December 1998. As shown by figure 3, panel A, Taiwan’s agricultural exports
to the United States declined during the first half of this period, but recovered in the
second half, with no clear trend overall.

The literature pays relatively little attention to the dynamic specification of the
trade-risk relationship. Most studies consider only the contemporaneous or lagged one-
period effect of the independent variables on the trade decisions without further
investigating the possibility of any longer lead in agents’ forecast of exchange rates or
exchange rate volatility. This seems an especially important issue when using higher
frequency and sectorally disaggregated data, since one-month leads may be suitable
for some sectors where spot market transactions and rapid payment settlements are
common, while longer leads may be more appropriate in other sectors characterized
by significant forward contracting, payment delays, or both. If one wishes to reduce
aggregation bias in estimation by using more temporally and sectorally disaggregated
data, it seems all the more important to take care in specifying appropriate lead
specifications. We therefore develop a model with a quite general lead structure, then
painstakingly search for the optimal specification following established methods before
estimating the resulting system of equations.

We assume exporters form expectations of the real exchange rate series following an
ARMA(m, n) process, with conditional variance specified as a GARCH(p, ¢ process,
following equations {141

s G, (LIDLRX, = v, » 9, Loeg,,
{23 &,
3) z,~ N, 1),
i o {i&
(4.1} i, w oy 3: ey, }M Beoft, e
EE ] &1
. - i‘; 4 ;\) . - ¥
(4.2) hy, = wy - ?: GiEy, E: Bl poo S, B
i B

DLRX, is the first difference in the natural logarithm of the real exchange rate with
respect to the previous period, representing monthly percentage change in the real
exchange rate. It is essential in time-geries analysis of these relationships to test for
stationarity since if trade flows are nonstationary, as is typically the case, vet exchange
rate volatility is stationary, as is likewise common, then currency risk necessarily
.annot determine trade volumes. We therefore test for stationarity using the augmented
Dickey-Fuller (ADF) test (results are available from the authors on request). The
logarithm of the real exchange rate series was found to be integrated of order one, hence
the first-differencing used here. L represents a polynomial lag operator used to capture
the ARMA properties of the conditional mean equation.
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The residuals from equation (1), ¢, ,, are a function of the independent and identically
standard normal distributed z,, and the conditional variance 2, In order to examine the
time-varying conditional exchange rate volatility, a GARCH specification was adopted
[equation (4.1)] that allows A, to vary over time as & function of the lagged squared resid-
uals (¢], )*and lagged conditional variance 5’3‘;; .. Glosten, Jagannathan, and Runkle
(1993: henceforth GJR) suggested a GJR-GARCH(p, ¢) conditional variance specification
lequation (4.2)] to maintain the tractability of conventional GARCH models while
accommodating a leverage effect by adding a term to permit asymmetry in the GARCH
model. The leverage effect variable S, | takes on the value of 1 ife,, , <0,and S, =0
otherwise. The leverage effect is captured by the parameter n; if = 0, the GJR model
reduces to the conventional GARCH specification. GJR-GARCH thus nests the conven-
tional GARCH: hence a likelihood-ratio (LR) test can test performance of the GJR-
GARCH versus the standard GARCH model. We impose restrictions w, > OB 2 0V &
w 2 0V and 1 » 0 on parameter estimates to ensure strietly positive conditional
variance. The sum of the parameters (a,, B,, and n) in the conditional variance can be
interpreted as a measure of pm*&ziawmcé in variance. That value must be less than one
in order to satisfy the necessary and sufficient condition for covariance stationarity.

The estimated AR(D-GARCH(1,1) process for the first difference in the natural
logarithm of the real exchange rate (DLRX,), per equation (1), is then used to generate
k2-period-ahead expectations of real exchange rate changes (DLRX, ,,) and k3-period-
ahead expected conditional variance estimates for exchange rate risk (A, 4q¥

L3
(5) DLRX - v, &, + ${DLRX, .
£t
o B e &
6) B ww, SO By er, iy g
¢t

series is then integrated (undifferenced) back to the exchange rate level
(RX[, ,,). RX], ;, and h!, ,, thus reflect expectations of the level and volatility of ex-
change rates, respectively. These expected values become regressors in the export
equation (7). We accept the general consensus in the literature that there is a long-run
relationship among exports, the level of economic activity, real exchange rate, and a
measure of exchange rate risk (DeGrauwe, 1988; Kenen and Rodrik, 1986; Mckenze,
1999: Pozo, 1992).7 Assuming a linear first-order approximation to the true underlving
relationship, we specify a reduced-form model as:

The DLRX] s

£ & €
P : g . O ) L S rpasE « W
(T Lnl@Q, ) = 9§ N6, Inlp, 56, InRX], ) N b, Inth], )
RU1 #21 31
6

Dygot D O5asn(@ 45 < €5

A4 ENEN

CPhere s ponsiderabie vartation tn the Hteraiore as fo the control varisbles wsed in the export squat sort. As MeRenzie's
(18993 aurvey poinds out, huwever, the vartables we include appear suffice as there is rarely any appreciable difference
between the parameter sstimates ohtalned using such a parsimersous specification and these arising from models that include
o wider range of explanatory variables, Moreover, the higher frequency data we use render many other candidate series
unavailabde ag regressors,
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where ,, is Taiwan’s export volume for industry i to the United States during period £,
Industrial production, IP, ;. is used as the monthly proxy for the exogenous component
of income in the U.S. in period ¢ - k1. We use [P because more conventional proxies for
ecopomic activity, such as income, are only available at quarterly frequency. S?Yg 418
the k2-month-ahead expected exchange rate predicted for time ¢ by traders standing at
time £ - B2 (B2 = 1, ..., 6), generated from the estimates of equation (5). Equation (6)
generates analogous estimates for A *+ 4y theexpected exchange rate volatility predicted
in month ¢ as 3 months ahead by traders #3 =1, ..., 6). Optimal lags and leads, k1, k2,
and k3, are identified using Hendry’s now-standard method, described below. In con-
trast with most of the extant literature, which concentrates on the relationship between
realized exchange rates and trade, we offer what we believe to be the first attempt to
incorporate traders’ forward-looking expectations of expected exchange rates ( RX!, ;)
and associated conditional volatility (2, ,,). This approach is more consistent with
traders’ contracting decision processes,

We also control for the seasonality readily apparent in the export plots (figure 3)
using quarterly dummy variables, Dy, .. Quarterly dummies are adopted because prelim-
inary analyses found this more parsimon ious specification consistently outperformed
one based on monthly dummy variables, per both the Akaike information eriterion (AIC)
and the Schwarz Bayesian criterion (SBC). Finally, lagged export volume (Q, , ;) was
included in the specification to allow for the possibility of autoregressive persistence in
export volumes, with an estimable lag length of k5. The regression residual, e, ,, hasthe
usual Gauss-Markov properties. All the variables except D, are in natural logarithm
form, implying a constant elasticity structure.”

While the estimated conditional mean and variance of real exchange rate could be
substituted into the export equation in a two-step estimation procedure, as several
previous authors have done, this can lead to a generated regressors problem of biased
estimates of the parameters’ standard errors and potentially inconsistent parameter
estimates (McKenzie, 1999: Murphy and Topel, 1985; Pagan, 1984; Pagan and Ullah,
1988). We resolve this problem by estimating the parameters of the conditional mean
and conditional variance real exchange rate equations simultaneously with the export
volume equation by using full information maximum likelihood (FIML), which ensures
both consistency and efficiency conditional on distributional assumptions. When we
estimated the model sequentially instead, it affected the parameter estimates and their
standard errors and yielded statistically inferior results overall, corroborating our
preference {or the FIML estimator,

Specification of the FIML covariance matrix then becomes important. Although we
allow for time-varying conditional variance for the real exchange rate series, we do
impose the assumption of time-invariant conditional variance on the export volume
series because statistical analysis revealed that the variances of each sector’s export
volume series in our sample are time invariant. This finding is consistent with those
reported by other studies (Kroner and Lastrapes, 18893,

Real exchange rates and international trade move together in general equilibrium.
We therefore allow for time-varying covariance among the two regressions’ error terms,
obviating the potential inefficiency that comes from ignoring the time-varying covariance

e industrial production, seminal exchangs rate, and whelesale price index series come from the International Monetary
Fund Bennamic Information Syatem IMFEIS: and Taiwan AREMOS system
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terms (Holt and Aradhyula, 1898). Although the variance of export volume does not vary
across periods, the covariance between export volume and the real exchange rate likely
does vary since the conditional variance of the latter series is clearly time-varying. We
therefore speeify a covariance matrix for the FIML model that includes a constant vari-
ance for export volume, 0,,, but allows for time-varying conditional variance of the real
exchange rate returns following the GARCH process, and hence time-varying covariance
{0,, = 0,,) between export volumes and the real exchange rate. To conserve degrees of
freedom, we follow Bollerslev's (1990} constant correlation coefficient (CCC) approach,
which assumes the conditional correlation between the two variances, p ¢ [-1,1], 3
constant through time.” The time-varving covariance is proportional to the square root
of the product of the two conditional variances, &, and 0,,. Under standard regularity
conditions, the error terms ¢, and ¢,,, are distributed multivariate normal with zero
mean and the time-varying variance-covariance matrix H,. The system could be expressed

as
(8)
853
;}é’ {}31{3
(10) H, B
o1 Yo |
(11 Oy, = Oyy, p{ifz;ug;}.

Our model thus invelves simultanecus nonlinear estimation of equations (1111, We
used the Berndt, Hall, Hall, and Hausman (BHHH algorithm in the Gauss Constrained
Maximum Likelihood (CMLY module. Let 8 denote the unknown parameters in £, and
H,. The log-likelihood function of the k-variate under general heteroskedasticity with
a multivariate normal distribution and n observations then becomes:

Ei

knm VoS (In[H, +¢H, '¢,).

£ 1

(123 Lt

Conventional estimation methods in this literature often understate the effects of
exchange rate variability on trade volumes because they fail to take into account the
nonnormal properties of exchange rate changes (Arize, 19971 Pagan and Sabau (1987)
demonstrate that both efficiency and, in the case of maximum-likelihood estimation,
consistency of parameter estimates require correct specification of that conditional
distribution. We therefore test explicitly for nonnormality and, where appropriate, relax
the usual multivariate normal distribution assumption to accommodate greater lepto-
kurtosis using a multivariate Student-f distribution. With this assumption, the marginal

* The eonstant comditional correlatinn assumption simplifies computation and inference, Moreover, it has heen proved
reaspnable in many previous sppbostvms (Bl sred Bedlersioe, 199 Ranas, 1998, Lien ared Tee, 1998, Park and Swatser,
1995 Theodosstou and Lee, T Tee and Taue, 20020

¥ Exchange rate change distributions typieally exhibit leplokurtosis (heavy tails), ss shown by Baillie snd Bollerslev
1, Baillie and Delipanar (19903 Eagle and Bollerslev (19861, Huieh (1988, Milhdj (1987, Wang ef al. (20001, and
Westerfiald (1877
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distribution of each term is univariate Student-¢, including the Cauchy and normal dis-
tribution as special cases. The degree of freedom parameter (v > 2) provides a measure
of leptokurtosis. This attractive feature has induced several authors to apply the
conditional-t distribution to model financial time-series data (Brooks, 1997; Mittnik and
Paolella, 2000; Wang et al., 2001). We find that the substitution of a conditional heavy-
tailed multivariate Student-# distribution for the conditional multivariate normal distri-
bution helps improve the estimation performance when the data exhibit leptokurtosis.
The likelihood function of the k-variate Student-t distribution with unknown v degrees

of freedom and n observations is given by:

5

(13 L 11‘1[?‘{ v fg«} } ln{?{ Z H YVoln{(v -~ 2)m)

£

%

wny ( IniH, |+ Ay »}siinli LTI . ‘ \
IR I Y ’ k% 2 i

where I" denotes the gamma function.

Estimation Results

We began estimation by identifying and estimating a common ARMAGn, n) process for
the DLRX series following a three-step procedure proposed by Wang et al. (2001). Firsat,
Box-Jenkins iterative techniques are used to reduce the set of prospective ARMA gpecifi-
cations, Next, we further screen among the resulting candidate ARMA specifications to
eliminate those having a p-value for the Ljung-Box portmanteau (H12) statistic less
than 0.3, a significance level clearly supporting the assumption of white noise. Finally,
from among the candidate models having passed the Box-Jenkins and Q(12) screens,
we chose the optimal conditional mean specification based on the Schwarz Bayesian
eriterion (SBC)L

This procedure established that an AR(1) model best represents the conditional mean
of the DLRX series in equation (1). Table 1 reports the estimated parameters and diag-
nostic checking of exchange rate equations. The Ljung-Box @-statistic of residuals from
the AR(1) process proved insignificant [@(12) = 7.33, p-value = 0,84}, signaling the
absence of residual serial correlation. The squared residuals from the AR(1) process
were then found to exhibit serial correlation (@ = 29.14, p-value = 0.004), indicating a
need to accommodate time-varying conditional variance.

We then tested a variety of symmetric GARCH and asymmetric GJR-GARCH specifi-
cations. The diagnostic statistics for both the GARCH(1,1) and GJR-GARCH(1, )"
models (models 2 and 3) indicate no violation of the normality assumption (the p-values
of the Jarque-Bera statistics were 0.81 and 0.77, respectively), and also show that
models 2 and 3 successfully account for both first- and second-order serial dependence
{the p-values of the Q(12) statistics were 0.85 and 0.84, respectively, and the p-values
of the Q*(12) statistics were 0.70 and 0.71, respectively|. Although both models fit the
exchange rates process adequately, we opted for the more parsimonious GARCH(1, D)

Sty bigher-order GARCH model provesses such as GARCHOL 2 or GARUHE Thwere exprtined and GARCHU Drwas
found to be generally better on the made! 6 and parameter significanve,
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Table 1. Estimated Results and Diagnostic Checking of Exchange Rate Models

Description Model 17 Model 2° Maodel 37

{Conditional Mean Equation:
v ¢ 10 0.100 0.100 0100
(1008 (O, 10 (43,100
¥, 0410 0,424 0410
(.08 (08 {09}
Conditional Variance Eguation:
¥ 1y W1 0.1
308 {008}
« 0.15%4% 0,18+
(.07 {(.0M
i, (.hH e 609
.18 (.12
n 408
(0.0

Model Diagnostic Checking:

1 7.33 T F.22
{84 {0,851 {84

QHv 29,14 910 8.81
10,0041 0 {0710

Shewness .04 (.43 .05
.24 {24 {024

Rurtosis PRI 281 2HT
47 (3471 (.47

J-B 0l 043 .54
{0.85] 1081 [0.771

LLH 152,45 14827 148,04
LE .50

Notes: Single, double, and triple asterisks (%) denote significance of a two-tailed test at the 0.10, 0.05,
and 0.01 significance levels, respectively. f and & represent the Liung-Box test statistics up to 12tk
arder serial correlation for each series; p-values are reported in brackets. Skewness = coefficient of
skewness: kurtosis = coeflicient of kurtosiz; the asymptotic standard errors of skewness and kurtosis
are reported in parentheses and computed as £/0hs® and (24/0bsy™, respectively, where Obs rep-
resents the number of observations. J-B = Jarque-Bera normality test statistie; LLH denotes the log-
likelihond value: LR indicates the likelihood-ratio test for the null b ypothesis of GJR-GARCHILD
va, GARCHL 1) specification.
“Model 1, AR(IL: DLRX, =y, » v, DLRX, | v &, ,.
© Model 2. AR(T-GARCH(L 1 DLRX, « v, « v, DLRX, (v e 0 b, 7wy 5311!\;;‘/; B
“Model 3, ARCD-GIR-GARCHUL D DLEX, vy - ¢ DLAX, | w2

ooy oGy, g Byfro n, E?;r 1

where 5, = 1 if the exchange rate exhibits negative shock, and zero otherwise.
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model because the estimated asymmetry parameter (1) of the GJR-GARCH model was
not statistically significantly different from zero and, relatedly, a likelihood-ratio test
indicated no statistically significant difference between the GJR-GARCH and the sym-
metric GARCH model.

Having thus determined the optimal specification of equations (1)-(4) in these data, we
next determined the optimal lead structure for equations (5)-(7). The predicted exchange
rates and exchange rate volatility generated from equations (5) and (6) were allowed
to range from one to six months ahead for each industry, The expected exchange rate
and exchange rate risk were jointly estimated with sector-specific export equations
sequentially for different predicted leads based on the rational expectations multivariate
GARCH-M model. " To accommodate the possibility of complex expectations formation
based on multiple observations over time, we adopt an autoregressive distributed lead
model. The multiple leads model allows a great deal of flexibility to consider explicitly
the behavior of variables over time, which is eritical to better desceribe the dynamic rela-
tionship and to improve the forecasting ability of relevant variables,

In order to conserve degrees of freedom and minimize inference problems associated
with multicollinearity, we follow the general-to-simple (Hendry, 1995) selection pro-
cedure in which the significantly influential variables are chosen based on the AIC and
SBC optimal criteria. Specifically, the selection procedure initially allowed up to six
months’ lag for U.S. industrial production variables and six-months-ahead prediction
of both the exchange rate and its conditional variance. The approach ends with a parsi-
monious specification that retains as many variables as are necessary to satisfy all diag-
nostic regression tests such as Ljung-Box @, Breusch-Godfrey (B-(3) serial correlation,
ARCH conditional heteroskedasticity, Jarque-Bera (J-B) normality, and Chow tests. In
some cases insignificant variables are left in the model, such as the exchange rate risk

rariables, if the apparent lack of relationship s itself of our interest. We report White
robust standard errors.

With the ARMA, GARCH, and lead/lag structures for equations {1)-{7) established,
we then compared model performance. Table 2 reports the log-likelihood values, and
AIC and SBC statistics of both models, The rational expectations-based, multivariate

JARCH-M model can be compared with the traditional multivariate GARCH-M model
based instead on realized exchange rates. This comparison validates the potential of
using forward-looking exchange rate predictions to better proxy exporters’ actual (but
unobservable) expectations. The results clearly indicate the superiority of our
MGARCH-M model in all except the textile and transportation sectors, for which the
AIC, SBC. and log-likelihood results are statistically indistinguishable. This merely
corroborates that agents are unable to observe realized exchange rates months in
advance and that they act instead on expectations of exchange rates, if exchange rates
really matter at alll

Accordingly, we now turn our attention to the results of the rational expectations-
based MGARCH-M estimation. As one might expect, the parameter estimates show

# Far pach sector, the export volume, fndustrial production, sstimated sxpected real exchange rate, and extimated vondi-
tisnal varianee of the real sschange rate were all tested fir stationarity and found to be integrated of order 1. We therefore
wsed Jehansen’s mudbivariate colntegration methoed to cheek the number of saintegrating vectors for the nonstationary tne
serien. Detailed results are omdtied for the sake of brevity, bub we found at least one coinlegrating vector for each secloral
expart volume-sxchange rate systom, clearly suggesting the existence of longe-run equihibrivn relationships smong the export
wolume, foreign income, real exchange rate, and exchange rate volatility. Thus, the spuricus regression problem asseciated
with nonstationary data does pel afllect sur estimation
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Table 2. Log-Likelihood Value Comparison of Multivariate GARCH-M Models
Based on Realized and Forward-Looking Exchange Rates

SECTOR
i 34 i3 41 1§ {3 i {8
Wood, Optical &
Paper Precision  Flectronie  Transpor-
Dlescription Agriculiore Textites & Pulp  Chemivals  Meials  Instruments Machinery tation

Rational Expectations-Based Multivariate GARCH-M Forward-looking exchange rateh

LLH 835,87 [EEIRE 586485 538,40 SaR.d 538,24 S58.08 5&T.38
AXC 130595 123408 Ll LAiREL L0046 109648 114807 114497
SH 30882 1,235.13 121002 . inasd 110148 100756 114810 1,185.84

Multivariate GARCH-M (realized exchange vate)

LLH H47.65 [E R 5HG.A5 541.51 53483 S31.81 561,67 BEGAT
AYC 142582 pesany 122471 (R IR Lioass Lanied 118515 14204
SR Larey 1234000 1,225.68 1RG0 16688 110290 1186138 1.143.27

Notes: LLH = lop-Hkelihond, A0 « Akaike iefurmation criterion, and SBO = Schwarz Bayesian eriterion.

considerable variability across sectors (table 3). Exports are significantly increasing in
the conditional mean of the expected exchange rate (RX, ) for all sectors except trans-
portation. In most sectors, including ag seulture, the one-period-ahead expected exchange
rate has a positive and significant effect on exports. The positive exchange rate level
effect has a longer lead for optical and precision instruments {three months) and elec-
tronic machinery (four months). Simply put, expected local currency depreciation (appre-
ciation) stimulates expansion (contraction) in export volumes, consistent with the belief
that traders contract based on expectations of the exchange rates that condition prices.

While the relevant horizon for exchange rate expectations varies across sectors, in
these data, that horizon is three months or less for all sectors except electronic machin-
ery. This is highly consistent with routine use of 90-day-ahead contracting or contract
settlement terms in most sectors. The two-or three-month-ahead significant estimated
negative impact of local currency depreciation and the one-month-ahead significant
estimated positive impact on export volumes together suggest a whipsawing effect of
exchange rate expectations on trade volumes. Since the changes of exchange rates not
only affect the price of exports but are also an influential factor on cost of imported
intermediate goods, the inconsistent exchange rate levels impact might relate to the
hypothesis that the effect of devaluation on trade depends on the elasticity of exports
and imports (Marshall, 1923; Lerner, 1944). Note in particular that the estimated
expected exchange rate effects are strongest in traditional, commodity-based sectors
such as agriculture, with estimated coefficients on expected real exchange rates several
times larger—at least twice and commonly five times larger—than coefficients esti-
mated for other sectors and consistently significant at the 1% level, This underscores the
relative elasticity of agricultural exports with respect to expected exchange rates,
consistent with Bordo (1980) and Frankel (1992), who argue that agricultural prices and
trade flows react with greater magnitude and speed to exchange rate changes than do
manufactured goods sectors,

By way of contrast, we also estimated the traditional multivariate GARCH-M method
using realized exchange rates instead of expected exchange rates and making the stand-
ard assumption that the contemporaneous conditional variance suffices to represent all
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Table 3. FIML Estimates of Sector-Specific Rational Expectations-Based Multi-
variate GARCH-M Model

SECTOR
i {21 i i
Waad, Paper
Variables/Leads Agriculture™ Agriculture Textilos Pulp Chenienls

Export Eguation Parameters:
S KRN SanER REES A 13,827 1% goagges
{15451 (1A1u5) 39708 (1. 8500 (L THTH
8, UP, ) 2.6991%+* 25020744 3.3903%*
o 0.8981) 0.8663) 0.7021)
&, B 12504
({14488}
&, 0P 0 PRI A DABETI
05149 (05005
o} PR IREN GRS FIEE A A
i 7

{11680 { 3LA623)

LR SO 2834508 1oinaRE

05180 LA

LaaaRees
(LE415

&, (RX] o R I LIRS R LAsGE
(R {3, 4b88) [EIRE
G ARXD G.224450%
{14008
IRE 4 Sl ER R 124815 B E 2 Biagess
14,8343 L4 S H4RT LEEER

Ao JRXT
8, JRXT
S, RXD

LIRS FRIGEE A 2204477
{01075 (11003
G lh (.2028
(43 aR0G:
RE G724 80182
31019 (00867

{10407 [ S Ga7aRY
({41058 [EAR1- %3 (0.0438) {0031
.1358%9¢ SR NE e [ERENS R {12018
HERLES N RER1HE S 8 (104381 {0302 {00189
RS2 (AR 3 b Q0BG [EREFEE Rl LUR RS S S URITRE A
{0335 (3,.0576) {0884 {10368 {0178

{ continued . ..}
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Table 3. Extended

SECTOR

15 {6 191 {8
Optical &

Precision Electronie
YVariables/Leads Metals Inastruments Machinery Transportation

Export Equation Parameters:

8, BO530 T ALRgTS 12,3762 IRV VAL
(B {1.2887) (15478

& UF poimggees

(134183

& U 208037 L g 2T 15843000
G748 14325 I Y (3 4558}

by 13955

{3748

R O 1.OTHE
{4617}

8, P 3 1aer e 1aggTee

[UR S5 I8 (Gan
K A 3H366
3234 1392820

b, JRXT 2R243ER
{68052}

ARV 00025
L0468
[ S 0030 0.0367
arinah (RIS N

3 {1568
(G085}

HE

&, 1 0 RS G038 ER1 00 R G842
OUELY (IR {0.0308) LORER

8,400, 0 X130 S 00109 40055
{00249 0.0237) L0207 IR Y]

RE I I BRI E S o aess (RIS 0.0040
081G 0804 L0218 {01493

{ continued . . .}
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Table 3. Continued

SECTOR
i {2 3 {41
Wood, Paper
&
Variables/Leads Agricniture® Agrivubiure Textiles Pulp Chemioals

BExport Equation Parameters (cont’d):
8416,

LR HE S8l (I3 352 R
[RIRE (0,083

&, 0, L0 . @3ge
(00816

& L, 0 3,168

(IR S

Exchange RHate Equation Parameters:

Conditional Mean:

v ¢ M 01162 4.1200 413000 12890 1184
aTEL aTe L0740 (U760 0H.0763:

b, O uRyees i S g.a8gs 5 G4 gees
(100651 O ONaT HLORG [RIR1S S Ry SLOBEA

Comditional Varianee:

wy, o+ MY 17450 (LR R IR ES R [N (UL A8 R
{0870} (0827 HLORETS LO8LT D083

i (IR 10 Bt 034748 1467 (151400
(00801 LIRYE 1) L0734 0721 {0734

£ (692 s 05055 LRSS NG A QAR

(12661 (. 1280 LI Wit (IR E & (01217

Varianee-Covariance Parameters:
G A4 E3T J38.4R7? 148 8angees 15148870 6128700
CERER40M (11B8720;) (18 BRET (277988 (RS
I 164805 [ 40218 (I G.0177
L OEGD [RER1EN 3 {QORT4 {1084 [RERIEE )

s

Shape Parameter:
¥ QB4

o4 BAMG

Notes: Single, double, sand triple asterisks (%) denote significance of & two-tailed test at the 810, 0.08, and 0.01
sigrifieance lovels, respectively. The sectnr denoted “Agriculture™ reflects estimates from the rationsd expected
mruttivariate GARBCH-M model baged on s multivariate Studentes disteibution, while sectors 11118 use a

multivariate normal disteibution,

The GARUH-M Modeh

« & & 3 «
Lot@ 0 4y - EM &y dntdp, 0 EM &y oIt BX] o1 g &, Ml:kﬁf%:} it E;M 5«;%13}1&4; ‘ X ‘%:ﬁ‘kfﬁm{;u PRY S
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Table 3. Extended / Continued

SECTOR

{51 {6 {7 H]
Crpticat &
Precizion Electronis
Variables/Leads Maotals Instruments Machinery Transportation
Export Equation Parameters (eont’dh
& 0 (U 0248505
{0, 08051 LT L
8,08, ) 015764 Gg010Ees
{00754 {101
& AQ L} [N I A {134ha7
{06861 (TR
AR A R T
[RRE R

Busllde o)
'g‘?ixg{ﬁ): 3‘}
Exchange Rate Equation Parameters:

Conditional Mean:
g, o M G850 130 . jaaos H.1188

(EOTHY {00783 0T (.07543
& (LARETees {1 AnQEess Qg Eres Q437
{G.00450) {0.00258 HLOBETS (00817
Conditional Varianee:
v 10 [ R (RS it {3, pREsss G, 1RBOY
{10836 (00834 (LOREBA OR14}

& OUEE20H URESE 0. 1459% 015040
G070 {0738 TEE) {3 0708)

i (X538 Shaa {1 SREG QAR [ PR
(L 1ERE) IR NN iRV ers [N

Varianee-Dovariance Parameters:

G 57 76610 52.2243%%% 76.1810%%* 78 HTO8I
{73245} 1N TGRS LLOREG)

i g RN 4 aang G.O8RT
(£ QUL (O8RS [RERLE ) (RIS )

the lags/leads of exchange rate risk. This model is statistically inferior to the specifi-
cation reported in table 3, but except for the exchange rate regressors, generates
coefficient estimates statistically quite similar to those in table 3. The estimated impacts
of exchange rates and exchange rate risk on trade are sharply different under this
approach, however. As shown in appendix table Al, the more traditional approach finds
at most one statistically significant lead for all sectors, suggesting less high-frequency
volatility than our approach does.”” The traditional approach using realized exchange

¥ iy arder to identify the sauree of the differences between the estimation results reported in text table § and sppendix
tahle A1 we reestimated the mode! imposing exactly the same speeifiation, so that the anly difference was due to the use
of rentized rather than predicted sxchange rates dats. As one might expect, the rpaulis then appear much closer to those
reparted in table 4, although they remain statistizally signifieantly different. Thus the differences between the two tables
appear attributable primarily to the changed speeification induced by following Hendvy's method of model reduction o
detorming the aptimal kg specilications fur hoth RX, sl &, 5, We thank an anonymous reviswer for encouraging us to
sxplore this difference more carefully.
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rates data also estimates substantially weaker trade volume responses to exchange
rates in most sectors. This is especially true for agriculture, which no longer appears
most responsive. This finding underscores the importance of the choice as to how to
represent exchange rates and exchange rate risk and how specification choice implies
a process by which traders form expectations. The standard approach using fulfilled
expectations based on realized exchange rates and only contemporaneous exchange rate
risk is not only conceptually implausible, but it dampens the intersectoral differences,
especially the responsiveness of Taiwanese agricu ltural exports to exchange rate fluctu-
ations. With the exception of anomalous negative and statistically significant estimates
for textiles and wood, paper, and pulp,’® the sum of the coefficients of industrial
production is positive for all sectors. Thisim plies export volumes respond positively and
significantly to increases in the United States’ industrial production. Specifically,
although the impact of U.S. income on Taitwan’s agricultural exports is statistically
significant for one- and four-month lags, the sum of the coefficients is relatively lower,
implying less income elasticity in agricultural sectors. The sum of estimated income
elasticity of export volumes is highest in the electronics sector, at 1.2974, an order of
magnitude larger than that of agricultural exports at 0.1274. This confirms one’s intui-
tion about relative income elasticities of demand in the United States for electronies
versus agricultural products. Comparing the statistically significant lead/lag structures
across variables, traders appear to respond more quickly to changes in expected exchange
rates than to changes in U.S. incomes, as proxied by industrial production.

The individual coefficient estimates on particular lagged values of U.S. industrial
production or the real exchange rate capture only short-term movements. In long-run
equilibrium, if the coefficients of the various lags sum to zero, then change rather than
levels matters. We therefore investigate the overall responsiveness of exports with
respect to expected exchange rates and industrial production for each sector by testing
the null hypothesis that the sum of coefficients equals zero.'” Table 4 reports the
likelihood-ratio test statistics (and associated p-values) for the null hypotheses that the
sum of coefficients of expected exchange rates and of industrial production equals zero,
The likelihood-ratio test rejects that null with respect to the conditional mean of the
expected exchange rate for all sectors except textiles and transportation, and with
respect to industrial production for all sectors except agriculture, textiles, and transpor-
tation. These findings generally confirm that export volumes tend to respond signifi-
cantly to increases in the expected real exchange rate and to LS. industrial production.
But the opposing signs of many of the parameter estimates signal that the short-run
effect of changes is far greater than the longer-run effect of levels.

Of primary interest to us, the estimated effects of expected exchange rate volatility
on trade prove statistically small and insignificantly different from zero in seven of eight
sectors. Our result is consistent with Tenreyro’s (2004) recent findings that, after taking
account of potential estimation problems, exchange rate fluctuations do not seem to
affect most trade significantly. There are several likely reasons why exchange rate risk

* As panets Band O of figure 3 show, gxport velumes consistently derlined in the two anomalous sectors over the sample
perind as increasing labor costs, rising land prices, ared stricter environmental protecting lows forced many Talwanese pextibs
and wood, paper, and pulp firms to shut down or relocate abrond. primarity to mainland China snd Seutheast Asia. The
negative estimated sopfficieat on U industris] produoction therefore mast tikely reflects induved steuctural change for whish
the current sperifiestion dovs not vontral satisfactordy.

P in comparison to the individual tests on vach parameter sslinate, ong added benefit of the joint significance test is o
sisnultansously make allowanee for corre

ation smang parameter estimates,
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Table 4. Likelihood-Ratio Test Statistics for the Restriction that the Sum of
Coefficients Equals Zero

SECTOR
{1 2 fat 83 ! {6 {7 {8
Weend, Uptical &
Paper Preciston  Blectronie  Transpor-
Deseription Agrivaliure Textiles & Pulp  Chemicals  Metals  Instruments Machinery fation
LLH, 606,01 58645 538480 532,23 2024 A5B.03 55738
LLHE it (0,05 BOH 38 SR 5A8.98 3247 BHL.50 BERT.EY
LEHY 635.9% BU0L7Y H05.11 542.92 550,50 58548 5H3.02 55711
LR 43.58 008 38,86 2.84 LA f.46 @312 (98
HOL0 {77 00 08 Ry [IREER .00 {raz
LR (102 1.1 36,52 ©.04 3654 848 11.78 0.66
.88 {0.agt L0 .00 {001 {001 (RN 049

Notes: LLH,. represents the log-likelihood values for pach unrestricted regression, as mperted in table 30 LLHE amd
LLH report the log-likelihood values for the restricted regression imposing the sum of cosffivients of expected exchangs
rates and of industrial produstion syual zero, respectively; LR gt LRY report the lkelibmodorntio test statistios (and
associated povalues in brackets) for the null hypotheses that the sure of coefficients of expested sxchange rates and of

irtustrial produstion equal zere, respeelively.

seems to have little effect on Taiwanese exports, First, long-standing business relations
between many American and Taiwanese trading partners include arrangements to help
eliminate exchange rate risk, such as open account agreements, especially for intra-firm
trade between divisions of multinational firms, a widespread phenomenon in Taiwan,
particularly in the transportation and high technology sectors (e.g., electronics and opti-
~al and precision instruments),

Second, Taiwan’s Central Bank holds unusually large foreign exchange reserves—the
second largest in the world on average over the sample period, behind only Japan—and
it routinely uses its reserves to stabilize the exchange rate. Taiwanese exporters there-
fore likely expect the Central Bank to be able and willing to intervene in currency
markets if fluctuations become excessive, effectively providing exporters with insurance
and perhaps making it somewhat easier for firms to predict exchange rate movements.
The state and the banking sector have also long had close relations with large, capital-
intensive firms in the nonagricultural sectors, and are reasonably likely to help provide
information and financial services necessary for those firms to manage exchange rate
risk inexpensively and reliably,

However, Taiwan’s agricultural exports appear to respond quite negatively and statis-
tically significantly to expected exchange rate volatility. This is consistent with both an
extant literature which argues that the agricultural sector is most susceptible to exchange
rate uncertainty (Anderson and Gareia, 1989; Cho, Sheldon, and McCorriston, 2002;
Maskus, 1986; Pick, 1990} and with empirical evidence that Pacific Basin agricultural
markets of importance to Taiwan are highly competitive in terms of price {Barrett, Li,
and Bailey, 1999; Barrett and Li, 2002). Agriculture differs from the other sectors.'”

¥ An anonymons reviewsy suggested a robustness test, ghven that FIML can perform poorly inomisspecified models. Toward
first extimeting the
imator s consiatent

that snd, we reestimaterd the model from agricaltural trade, this thwe usiog a two-step estimats
ARU-GARCHL D exchange rate process, then sstimating the trade equationbecanse the two-st
snd more robust to misspecification, albeit less efficlent than FIML when the latter is propery specified. The two-step OLS
estimation resulls are quite consistent with the FIML sstimates we roporl hers agricultural exports appesr 1o respond
negatively and statistically sipnificantly to expeeted exchangs rate volatility, (Petailed results of the two-step estimation are
available from the authors by requests
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There are at least two likely explanations for Taiwanese agriculture’s sensitivity to
exchange rate volatility. First, Taiwan’s agricultural exports are relatively import inten-
sive, depending on considerable imports of farm inputs such as fertilizer, pesticides, and
animal feeds (for both aquaculture and livestock) from the United States, which account
for more than 30% of Taiwan’s agricultural import demand. Given heavy reliance on
imported intermediate inputs in those agricultural subsectors that account for most of
Taiwan’s exports to the United States (Liu, 2001), exchange rate instability thus
discourages agricultural production and trade by causing volatility in both the cost of
inputs and in expected export revenues.

Second, Taiwan's agriculture relies heavily on small-scale farming and agribusinesses,
with average farm size around one hectare and relatively little capital, as compared to
its trading partners, and intensely competitive, with low average profit margins (Liu,
2001). These firms operate in a low-margin, highly competitive environment and are
likely more reluctant than large industrial firms to manage exchange rate risk through
hedging instruments in the futures or forward markets, both because of the high cost
associated with these transactions and specific requirements on farm credit, as well as
availability of skilled human capital for such sophisticated management. In addition,
although forward/futures markets exist in Taiwan’s currency markets, periodic exchange
rate interventions by the Central Bank of Taiwan also limit the ability of farmers to
cover the foreign exchange position (Pick, 1990; Anderson and Garcia, 19591 Moreover,
the Taiwanese dollaris not actively traded in either the forward or futures markets, and
it has been argued that hedging exchange rate risk via futures/ forward markets in less
developed countries is costly and relatively ineffective (Arize, Osang, and Slotije, 2000;
Doroodian, 1999}, Taiwan’s farmers and agribusinesses appear to have limited ability to
absorb temporary losses associated with low passthrough of exchange rate changes to the
export markets, and thus export volumes are dampened by exchange rate volatility.

Our estimation results strongly support the hypothesis that agricultural trade volumes
exhibit an unusually high degree of sensitivity to exchange rate uncertainty, far more
than in other sectors: indeed, this effect emerges only in agriculture in the Taiwan-U.S.
trade flow data we study. This suggests a possible role for policy mechanisms to help
farmers and agricultural commodity exporters hedge currency risk in the marketing
system (Adubi and Okunmadewa, 1999). Our results reinforce the existing literature
implying that policy to stabilize agricultural markets must pay attention not only to
agricultural sectoral policy, but also to macroeconomic policies that affect real exchange
rate levels and volatility,

Returning to the parameter estimates reported in table 3, there are strong season ality
effects evident in each sector’s D, - [, parameter estimates. Several sectors—but not
agriculture—likewise exhibit significant autoregression. The exchange rate se ries indeed
exhibit significant ARCH and GARCH effects, as reflected in the coefficient estimates
for « and f in the conditional variance equation. The estimated variance (0y,) of exports
in agriculture, textiles, and wood, paper, and pulp were substantially higher than those
of the other five sectors, with the estimated variance of exports from the latter two
sectors roughly double those of the other sectors, and the variance of agricultural
exports more than four times that of the higher technology manufactured goods and
services sectors. Most of the estimated cross-eguation correlation parameters (p) were
statistically insignificantly different from zero, with the exception, again, of agriculture,
along with wood, paper, and pulp, and metals.
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Table 5. Diagnostic Test Statistics on Sector-Specific Export Volume KEguations

SECTOR

i1 21 i 4 {51 {61 i {8
Woad, Optical &
Paper Pregision  Blastronze Transpors
Deseription Agriculture  Textiles & Pulp  Chemicals  Metsls  Instruments Machinery  tation
Muan G016 [ERE 3 0028 Q0038 Q0041 (4.0040 0.0031 .0047
Std. Dav. GIT6 [ERUANE 31053 G836 41117 (IR [ER T 0840
Skewness {11817 G.0732 G704 1108 Q1140 . 1168 G0 00883
Kurtosis S007H 2.8434 2HETL LR 28694 EREX 13 2 H446 2RI
i TR 81628 7547 TURNeE 1068 91888 HB.E362
{08070 {08860 snaad {ORORGY {080 08800} U IV
[eiie by B8.8332 89458 G.4646 82617 93671 ER et
740 {6210 LR N 10,6800 H6h40 3RO
Beii 10154 LaRGT R 8 .04 10458 1.0215 L9803 G461
L4192 R L Vats HOE S {198 {03548 aesal 4421 O dahdl
ARCH 4.1908 1319 i iEsg [ [E Rox 49) 3.1961 01437 {1867
8838 HLT 10 HLe84 2] HLELT6] [LIRESN Y {aRTR] {0.9145] RS
S R348 2018 02197 {1 1RET L2418 {11860 4.2809 0211
[URELO {3 8805 1,.8958] e {3 8860 {09104 {38000 {0.8008]
Chow 0.4208 (13249 {1,4344 (4132 0.5800 4.5380 04783 £$.2413

{ra18g] L6687 HLS1131 {0.56216] {4440 {46471 {0.4805] {06242

Notes: Numbers in brackets are pwvalues; § and @ indicate the Ljung-Box portmanteau test stabistios on the
residuals and squars residuals; B-G is the Breuseh-Godfrey serial carrelation test stadistio; ARCH is the White
tost statistic fur autoregressive conditional heteroskedasticity, J.B i the Jarque-Bera normality test statistic for
skewness and exeess kurtusis; and Chow is the Chow stabilily test statistic,

Table 5 reports a battery of diagnostic test statistics from these regressions. The
results generally confirm the satisfactory specification of each sectoral multivariate
GARCH-in-mean model, as reflected in goodness of fit, and various tests for serial
correlation (Ljung-Box @ and B-G) in the residuals and squared residuals, for residual
heteroskedasticity or ARCH effects, and for normality and structural stability.”

The only significant failure of the multivariate normal GARC Henemean model seems
to be the evident nonnormality of the residuals in the model for the agricultural sector,
where the risk-trade effect was most pronounced. Since nonnormality corrupts inference
with respect to this parameter estimate of primary interest, we reestimated the model
using the multivariate Student-t distribution for the error term. Table 5 indicates that
excess kurtosis was the main source of nonnormality, and the Student-¢ distribution
directly accommodates leptokurtosis. The parameter estimates under the multivariate
Student-f CARCH-M model for the agriculture sector are presented in the leftmost
column of table 3, as “Agriculture®”. Where the multivariate normal model estimates
an elasticity of agricultural exports with respect to expected exchange rate volatility of

2.2044, controlling for apparent leptokurtosis drops that point estimate to 1.05638.
Exchange rate volatility still seems to exert a considerable, statistically significantly
negative effect on agricultural exports—and not on exports from any other sectors n

¥ Although the Chow test indicates that the estimated parameters of the metals sector maodel sre not constant aver the
full range of the data (we naed @ breskypoint in the middle of the sample, subsample-specific parametor estimates yielded
qualitatively wlentical estimates, in partieulnr that exchange rate risk has o signifieant effect on metals exports,
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Taiwan’s economy—but the effects are plainly exaggerated by misspecification of the
multivariate error term distribution. The superiority of the multivariate Student-f
distribution in capturing leptokurtosis is evident in both the lower estimated degrees-of-
freedom parameter (v = 10.0484) and in the likelihood-ratio test statistics for “Agri-
culture®”. The likelihood-ratio test statistic for the multivariate Student-¢ distribution
against multivariate normal distribution is 4.08(=( 638,93 - 835.971 « 2), suggesting the
accommodation of leptokurtosis indeed yields modest but statistically significant gains
in model performance. We remind readers that the exchange rate data used here donot
exhibit leptokurtosis, so these effects are almost surely dampened in this sample, Since
leptokurtosis has been commonly observed in exchange rate data, the multivariate
Student-f GARCH-M model could offer significant improvements in other samples.

Conclusions

This paper explored the impact of the conditional mean and conditional variance of real
exchange rates on Taiwan’s exports by estimating an innovative rational expectations-
based multivariate GARCH-M model using sector- and destination-specific monthly
data. By using more disaggregated data and attending toa variety of econometric issues
that bedevil much of the extant literature on this high-profile issue, we offer a new look
at this long-standing question.

Our approach and results underscore the importance of the choices of how fo represent
exchange rate risk, of the data frequency one employs in analysis, and of specification
choice to correspond with the process by which one hypothes
tions about variables that remain uncertain at the moment of contract execution. We
find considerable variation among sectors. Our estimates consistently indicate the
change in expected exchange rate as well as change in industrial production jointly drive
trade volumes. Further, while exchange rate and industrial production levels matter to
trade volumes in long-run equilibrium, high-frequency changes in those variables have
the strongest short-term effects and traders appear to respond more quickly to changes
in expected exchange rates than to changes in U.S, industrial production.

Our most striking finding is that agricultural trade flows are quite significantly neg-
atively affected by high frequency exchange rate volatility that does not seem to impact
other sectors significantly. Agriculture appears far more responsive to both expected
exchange rates and to expected volatility in the exchange rate, and less responsive to
importer incomes, than do other sectors in Taiwan’s economy. Even in the agricultural
sector, however, our results show that failure to attend to issues of nonnormality in the
regression residuals seems to lead to substantial overstatement of the negative effect
of exchange rate risk on trade flows and that the effects of expected exchange rate levels
on export volumes are a complex mix of negative and positive effects over months.

These results highlight the importance of both continued further disaggregated
exploration of this long-standing question and of the need for more careful theoretical
and empirical work on the processes by which farmers and agribusinesses form
expectations over the profitability of production and trade decisions, the timing of such
decisions, and what these processes mean for the design and implementation of policies
to help stimulate international agricultural trade. As we point out, agriculture differs
in fundamental ways from other export sectors in Taiwan; it is based on very small
firms that depend heavily on imported intermediate inputs and that frequently suffer

os traders form expecta-
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liquidity constraints in a highly competitive, low-margin industry which receives rela-
tively little support from government. Intuitively, these features of Taiwan’s agri-
cultural economy may account for the anomalous (relative to other sectors) effect of
exchange rate volatility on agricultural export volumes.

[Received March 2006; final revision received March 2007}
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