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Abstract

We reconcile the conflicting evidence between the aggregate and the microeconomic
data on the exchange rate elasticity of exports. The estimation of typical macroeconomic
export equations provides us with insignificant estimates for this elasticity, while recent
firm level evidence suggests significantly negative values. Using Japanese firm data, we
estimate a monopolistic competition model of exporting firms, and show that the exchange
rate elasticity of exports is significantly negative at both firm and aggregate levels, with
consistent aggregation. We identify the preferences and technology parameters and find
the importance of decreasing returns to scale and the high elasticity of substitution among
consumption goods in determining the magnitude of this elasticity.
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I Introduction

Over the last three-decade experience of exchange rate floating among industrialized countries,
there is yet to emerge a consensus regarding the impact of exchange rate fluctuations on real
economic variables. The empirical literature that examined aggregate data has generally found
small or insignificant effects of exchange rate fluctuations on the quantity of exports. For
example, Baxter and Stockman (1989), and Flood and Rose (1995) show that the high volatility
of exchange rates is not related to the high volatility of other macroeconomic variables, including
exports. Similarly, Kenen and Rodrik (1986), and Hooper, Johnson and Marquez (1998) find
that the relationship between the change in log real exports and the change in log exchange
rates is small or statistically insignificant.

Table 1 reports these aggregate estimates of the elasticity of exports with respect to ex-
change rates for each of the seven industrialized (G-7) countries of Canada, France, Germany,
Italy, Japan, U.K. and U.S., for the period of 1982-1997. The last column “pooled” in Table 1
reports the estimate of the pooled sample including all seven countries with country dummies.
The exchange rate of each country is measured by the trade-weighted sum of the ratios of cur-
rencies of the trading partners to the domestic currency. That is, an increase in the exchange
rate means an appreciation of the domestic currency, relative to the currencies of the trading
partners. Thus, we may expect the coefficient on the log exchange rate to be significantly
negative. However, estimates for this elasticity are not significantly different from zero for all
the countries. For a sensitivity check, we run simple autoregressive distributed lag models of
log exports on log exchange rates. In the levels specification, the coefficients on the exchange
rate (the contemporaneous and lagged combined) are either insignificant or, if significant (e.g.,
the United States), even positive. In the first-differenced specification, the coefficients on the
exchange rate are insignificant, except for Italy. This lack of association between exchange rates

and exports at the aggregate level is the so-called “exchange rate disconnect puzzle.”!

'Note that the “exchange rate disconnect puzzle” is different from the well-known “J-curve effect” in the
international finance and trade literature. The exchange rate disconnect puzzle is about the lack of association

between the movements of exchange rates and gross export quantities. The J-curve effect is about the sluggish



Recent work using firm level data suggests, however, that the relationship between exports
and exchange rates is significantly negative. Goldberg and Tracy (1999) and Dekle and Ryoo
(2007) find a large negative elasticity of exports with respect to exchange rates. Forbes (2002)
studies the impact of a large devaluation on export sales of over 13,500 companies around the
world, and finds that on average export sales improve by 4 percent a year after devaluation
episodes.

This paper attempts to reconcile these apparently conflicting aggregate and firm level ev-
idences. We build a simple model of monopolistic competition for exporting firms, and derive
the relationship between exports and exchange rates as the exporting firm’s supply function.
Heterogeneity in these export functions arise, as productivity differs among firms. We then
derive a macroeconomic relationship between exports and exchange rates by aggregating these
firm level export functions. We show that the firm level productivity and its distribution need
to be accounted for in this aggregation; otherwise the estimates for the exchange rate elas-
ticity from the macroeconomic export function using aggregate data are inconsistent, because
of omitted variable biases. In particular, we find that the joint distribution of firm-specific
productivity and export shares should be taken into account in the aggregate export equations.

The bias from omitting these two variables in the aggregate export equation is large when
estimating the exchange rate elasticity of exports. Including the averages of these two variables
in the aggregate export equation helps to reduce this bias. We show, however, that without
fully controlling for the movements in the joint distribution of firm productivity and export
shares, the aggregate estimate of the exchange rate elasticity of exports is biased toward zero.
We quantify this aggregation bias.

In this paper, we use panel data of exporting firms of Japan for the period 1982-1997, and
estimate the exchange rate elasticity of exports at both the firm and aggregate levels. We find
that the estimates of the exchange rate elasticity of exports is indeed negative at the firm level,

as our model suggests. We then show that with consistent aggregation, the aggregate exchange

and J-shaped adjustment of trade balance (i.e., net export sales) to the improvement in terms of trade. See

Backus, Kehoe and Kydland (1994) for a discussion of the J-curve effect.



rate elasticity of exports remains significantly negative, although the aggregate elasticity is still
biased downwards, because the changes in the joint distribution of firm level heterogeneities
cannot be fully controlled for.

The idea that price elasticities are biased downwards in the conventionally estimated ag-
gregate trade equations, given the underlying aggregation problem, was postulated more than
50 years ago by Orcutt (1950). To the best of our knowledge, however, this is the first paper to
estimate and explicitly compare the aggregate and firm level elasticities of exports with respect
to exchange rates, where the macroeconomic export equation is obtained by consistently aggre-
gating the firm level export equations. Blundell and Stoker (2005) carefully examine the general
problems of aggregation over heterogeneous individuals. Our paper provides a specific example
of seeking the sources of and explicitly quantifying the size of the aggregation bias in the export
equations. Furthermore, we identify the preferences and technologies from these estimates of
the export equations. We find the importance of decreasing returns to scale technology, and
the high elasticity of substitution among the consumption goods in determining the magnitude
of the exchange rate elasticity of exports. This identification of the deep parameters from the
structural estimation of the export equation, again to the best of our knowledge, we do for the
first time.

The paper is organized as follows. Section II introduces a standard monopolistic compe-
tition model of exporting firms. Section III discusses sources of bias in the aggregate export
equations. Section IV estimates the model. The elasticity parameters (including the exchange
rate elasticity) of the export equations are estimated at both the firm and aggregate levels. The
preferences and technology parameters of the model are also identified from this estimation.

Section V concludes.

[Table 1 here]



II Model

A Monopolistic competition

We consider a “New Open Economy” type of monopolistic competition model, pioneered by
Obstfeld and Rogoff (1996), for exporting firms. There are firms indexed by i € [0, 1], each
of which produces a single differentiated final good (indexed also by i) at each discrete date
t. The firms are located either in a domestic country or in a foreign country. The final goods
ranging from [0, n] are produced by domestic firms and the rest are produced abroad.

A representative consumer gets utility from the following CES composite consumption Y;

0
1 g4 0—1
Y;f = (/ yitg dZ) )
0

where y;; denotes the consumption of good i at date t. The parameter 6 governs the elasticity

such that

of substitution among the differentiated goods, which we assume
(1) 6> 1.

In this monopolistic competition framework, the domestic price level P, is given by

n 1 ¥ 1-6 1i9
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where p;; denotes the price of good i (ranging from 0 to n) in the domestic currency, plft the
price of good i (ranging from n to 1) in the foreign currency, and e; the foreign currency price

of the domestic currency. We assume the law of one price

pzft = €tPit-

This simplifies the domestic price level such that

1 =3
0

Similarly, the price level in the foreign country Ptf is

Pl — [/01 (plft)l_edirle.
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The domestic consumer chooses his final goods consumption bundle (y;;) i€(0,1] from utility
maximization:
1 -1 7—1 1
max < / Yir di) subject to / PirYirdi < Zy,
(yit)z‘e[o,l] 0 0
where Z, denotes the nominal value of the total expenditures of the domestic consumer.? This

gives the domestic demand for final good i as

-9 -9
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Similarly, foreign demand for good i is yiJ; = <I]’3 '}2) Y}f .
t

.

Then, the world demand for good %, ¥} = yit + yf;, is given by
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w it Y, it j/’f
. p— —_—

i <Pt) o <Ptf> t

where YV} =Y, + Y;f denotes world aggregate consumption, and hence the world’s real income.

The inverse demand functions for the good i is:

yﬁ 0
2 i = P ;
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B Supply function of exporting firms

The firm ¢ at date ¢ uses labor [;, capital k;; and imported raw materials m;; to produce the

differentiated good ¢;; according to the following generalized Cobb-Douglas form of technology

L\ (ki \? (ma\”
o} B g

!
2Note that the original budget constraint is fon DitYirdi + f; (Z—*) yirdi < Z;, which is simplified to

-t

fol pityirdi < Z; due to the law of one price. Furthermore, the law of one price also implies that Ptf = e Py

f
equivalently %: = %. This makes the demand function of domestic goods and that of foreign goods symmetric,
t

given the prices of p;; and pgt



where A;; denotes the firm level total factor productivity term. Define p = 1 — (o + 5 + 7).
This parameter p measures the degree of returns to scale: p > 0 for decreasing returns to scale,
p = 0 for constant returns to scale, and p < 0 for increasing returns to scale. Note that this
returns to scale parameter relates to the firm level technology, not to the aggregate technology.

We assume that markets for these intermediate inputs are perfectly competitive. Let w;, 7,
and wf denote the prices of labor l;;, capital k; and imported raw materials m;;, respectively.
Then, the cost function (the minimized cost for the given input prices wy, r; and w{ and output

level ¢;;) dual to the production function above is
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where [, k7, and m}, denote the conditional factor demand functions. A well-defined cost func-
tion is required to be non-negative, homogeneous of degree one, monotone increasing, concave
in input prices, and concave in output.®> These properties of the cost function imply that the

parameter space should satisfy
(5) a>0, >0, v>0and p>0.
The total revenues of the monopolistic firm ¢ facing the inverse demand functions in equa-

tions (2) and (3) is

€t

Pl Pl
(6) R<_tayt 7yit> = pityit+_ty7;ft

Given the cost function in (4), the revenue function in (6) and the market clearing condition

3See Blackorby, Primont, and Russell (1978) for a general discussion on the dual mapping between the cost

function, and technology and the properties of the cost function.
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qi+ = y;1, the total supply of good ¢ is determined to maximize profits:

P/ w!
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C Exchange rate elasticity of exports

Let s;; be the export share in the total supply of good i. Then, we have the following identity

for exports
yz]:€ = Sityzz‘;fjv

and hence the log export equation such that
1
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Here, we assume that the export share s;; is exogenously determined. However, in general, the

Inr,

InY,"” +

export share may depend on the exporting firm’s productivity level. For example, firms with
higher productivity may be able to overcome the fixed costs of exporting, and hence export a
larger share of their output, as in Melitz (2003). Unfortunately, in the data, we do not directly
observe the fixed costs as well as other potential factors that link export shares and productivity.
In our empirical work, this may induce correlation between the idiosyncratic error term, and
the export shares. Thus, in our empirical work, we instrument the export share, although we
do not explicitly endogenize these shares.

From the log export equation (7) above, the elasticity of exports with respect to the ex-

change rate is given by:

_v(a+p)
a+ B+

_ O(a+p)
1+p(0-1)
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First, the exchange rate elasticity of exports is negative for all parameter values satisfying the
restrictions in equations (1) and (5). Thus, our model suggests that exports should decrease,
as the exchange rate increases (i.e., as the domestic currency appreciates relative to the foreign
currency). The magnitude of the elasticity, however, depends on the preferences (0) and tech-
nology (a, B and p) parameters. The larger the share of non-imported inputs (the higher the
a + ), or the larger the elasticity of substitution among differentiated goods (the higher the
0), the larger the decrease in exports to the increase in exchange rates. However, the larger
the degree of decreasing returns to scale (the higher the p), the smaller the decrease in exports
to the appreciation. In the extreme case of constant returns to scale (p = 0) and no use of
imported raw materials (7 = 0 and hence o+ 3 = 1), the elasticity is completely determined by
the elasticity of substitution parameter 6, which has no upper bound, so that export quantities
can be extremely sensitive to the movement of exchange rates. In the other extreme case, where
the exporting firm relies entirely on imported inputs (« + § = 0), export quantities would not
change at all to the movement of exchange rates, regardless of the elasticity of substitution
and returns to scale parameters. Therefore, identification of these preferences and technology
parameters would allow us to have a deeper understanding on the exchange rate elasticity of
exports.

In sum, our model of monopolistic competition implies: first, that the relationship between
exports and exchange rates is log-linear, controlling for factor prices, the foreign price level,
world real income, the firm level productivity and the export shares; and second, that the
elasticity of exports with respect to the exchange rate is negative, the magnitude of which,

depends on the preferences and technology parameters.

IIT Export equations

A The firm level export equation

The exchange rate elasticity of exports € can be inferred by estimating the firm level log export

equation (7). Note that the model imposes two restrictions on the coefficients in the log export



function in (7). The sum of the coefficients of Inw; and Inr; is equal to the coefficient of In e;,
and the sum of the coefficients of In w;, Inr; and In w{ is equal to the negative of the coefficient

of In Ptf . With these restrictions, the log export function can be re-written such that

1
(9) Iyl = mn@__>_Zﬁﬁﬁﬁm<%ﬂ)___ﬂi_m(ﬁ)
0) a+pB+~ wl) a+p+y \wy
p/ v w v
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To be specific, suppose that firm level total factor productivity A;; can be expressed as:
(10) h’lAit :A/i/—F”Fh’l(Dt—*—ganit—f—ait,

where @, denotes aggregate total factor productivity (TFP), z; the observable attributes of
firm level productivity, and wu; the unobservable idiosyncratic productivity term.

We allow the firm’s export share s; to depend on the firm’s unobserved idiosyncratic
productivity term. Thus we instrument s;; by the average export share within the industry in
which the firm belongs, excluding its own share (denoted by 5;;). That is, we use the following

instrumental variables relationship:
(11) h’lSit =ag+ ay ln§it—|—vit,

where In's;; is orthogonal to u;; as well as to vy.
Substituting the productivity equation in (10) and the export share equation in (11) into

the log export equation in (9), we get the following log-linear export equation:
(12) lnyi]; = o+ piIne + oy InTy + 4 lnlgtf + o, InY" 4+ @5 In @, + g In zi + 7 In S + wyy,

where the relationships between the coefficients in this export equation and the deep parameters

are
(1= |
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and the normalized variables are defined such that
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B The aggregate export equation

Consider a similar log-linear relation between exports and exchange rates defined on aggregate

variables, such that
(17) ny! = ¢+ ¢ Ine, + ¢ ¥, +

where y{ is aggregate average exports, e; the nominal exchange rate, ¥, the vector of control
variables, and €); the aggregate error term. Would the exchange rate elasticity of exports ¢,
estimated from this aggregate export equation (17) be consistent with the estimate for ¢, in

the firm level export equation (12)?7 Note that the level of exports is written as:
~\ ¥

(18) =0t (BY)™ (1) @225 exp (g + )

Taking the cross-sectional average F; on both sides of equation (18),

(19) i = E{vl)

~ ¥3
= exp(vo) @77 (PF) () 0 B {=057} i {exp (i)}
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because of the orthogonality of the error term u;; from z;; and 5;;. Taking the natural logarithms

on both sides of equation (19),

(20) Iny/ = gpo+<plln€t+g021nﬁ+g03lnﬁtf—|—<p4lnytw+3051n®t
+In B {27°55} + In E; {exp (ux)}
= gpo+<p11n€t+3021nﬂ+g031néf+<p4ln§ﬁw+305lnq)t+3061nzt+<p7lnst
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where

W N ~
(21) ®A; = ¢;In (—;)+g021nrt+g03lnPtf+g04lnY;w—I—g05ln<I>t—|—9061nzt+g07lnst
w

t

(22) B, = lnEi{(zZ_iZ)% <i—i)w}

(23) Uy = InE;{exp(uy)}.

This gives us aggregated exports consistent with firm level exports in (12). The @A, term
includes the variables that reflect the information set underlying the firm’s decisions, such
as relative factor prices, the general price level, real income of consumers, the firm’s own
productivity and the export share. The B; term arises because of aggregation, which reflects
the distribution of the heterogeneous characteristics of firms, e.g., firm level productivity and
export shares. With only aggregated or macroeconomic data, we cannot control for B, whose
calculation requires firm level data. The U; term is an aggregate time-series error term that is
consistent with the firm level relation. Since the error term wu;; is orthogonal to all the regressors
in the firm level equation (12) over all ’s and t’s, U, is orthogonal to the aggregate variables in

the aggregate equation (20) over time t.

C Sources of bias in typical aggregate export equations

C.1 Omitting variables in the firm’s information set

A comparison of the typically estimated macroeconomic relation between exports and exchange

rates in (17), with the consistently aggregated relation in equation (20) suggests that there are
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two categories of omitted variable bias in the aggregate export equation in (17).

First, if the set of control variables ¥, in the macroeconomic relation (17) omits one or
more of the control variables in A; (basically the variables in the exporting firms’ information
set) in the consistent aggregate relation in (20) and if there exists some degree of covariance
over time between the omitted variables and the exchange rate, the aggregate exchange rate
elasticity of exports ¢, in (17) will be biased. For example, suppose the relative factor price
Ty = - (the ratio of the rental rates of capital to wage rates) is omitted, as in a typical

macroeconomic export equation. Let gAzﬁl be the OLS estimate for the exchange rate elasticity

of exports from the typical macroeconomic export equation. Then, we have

Cov(lnes, InTy)

Var (lne;) 72

E [51] = 1t

Var (Inr,
= ¢1+Corr(lnet,lnﬂ)wg02.
Var (Ine;)

Thus, the larger the time-series correlation between the omitted variable and the exchange rate,
the larger the omitted variable bias. The larger the variance of the omitted variable over time,
the larger is the bias. However, the larger the variance of the exchange rate itself, the smaller
is the omitted variable bias. That is, the omitted variable bias for the exchange rate elasticity
of exports tends to be smaller for an economy where the exchange rate is more volatile. This
may explain why we find strong correlations between exchange rate depreciations and export
expansions in developing countries as documented by Tornell and Westermann (2002), where
exchange rates are more volatile and factor prices are more regulated, and hence the smaller
theabove kind of omitted variable bias for the exchange rate elasticity of exports.

The direction as well as the size of the bias depend on the covariance as well as the coefficient

on the omitted variable itself. In this example, according to our model (¢, = —= +”§ — < 0) and
also according to our estimate, the coefficient ¢, on the rental-to-wage ratio is negative. The
data suggests Cov(lne;, In7;) is also negative. Therefore, the bias from omitting the rental-
to-wage ratio is positive. That is, omitting the rental-to-wage ratio will bias the aggregate

elasticity of exports with respect to exchange rates, 51, towards zero, and hence can be a source

of the observed exchange rate disconnect.
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C.2 Aggregation bias

The omission of the term B; = In E; { (Z—f)wﬁ <%)W7} in the macroeconomic export equation
creates a further source of omitted variable bias. This bias results from the aggregation of
heterogeneous firms, which depends on the distribution of the relative productivityzz—i:, and the
export shares ** (normalized to the means).

Let ¢, be the vector of parameters of the joint distribution of the productivity and export
share terms at date t. If the movement of B, is not independent from the movement of the mean
values of z; and s; via some parameters in (,, the coefficients on In z; and In s, in the typical
macroeconomic export equations will be biased downwards. This is the usual “aggregation
bias” in the aggregation literature as discussed in Blundell and Stoker (2005). Lewbel (1992)
shows that the necessary and sufficient condition to avoid this aggregation bias in log-linear
models is that the distribution is “mean-scaled,” i.e., the distribution of those mean-scaled
variables is independent from the mean values of z; and s;. When the mean-scaled property
in Lewbel (1992) is satisfied for the joint distributions of productivity, and the export shares,
the coefficients on labor productivity and the export shares themselves can be consistently
estimated from the aggregate export equation (17).

However, even when the mean-scaled property is satisfied, omitting the distribution term
B; can generate another type of aggregation bias for the exchange rate elasticity of exports
in (17), if B, covaries with the exchange rate over time. Suppose, for example, that the joint
distribution of i—: and i—: is lognormal. Then, the (, are time-varying variances of Zz—tt and i—z If
the movements in any of these variances or covariances are correlated with exchange rates over
time, the exchange rate elasticity of exports estimated from (17) will be biased. This type of
aggregation bias cannot be avoided by typical aggregate export equations. By comparing the
firm-level estimate of the exchange rate elasticity of exports (which is free from this aggregation
bias) with the estimates from the aggregate export equation, which includes the same relevant
prices and productivity variables but missing the B; term, we can quantify the magnitude of

this aggregation bias for the exchange rate elasticity of exports.
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IV Estimation

A Data

We use annual firm level data from Japanese four-digit export industries during the years
between 1982 and 1997, obtained from the Japan Development Bank Corporate database. Our
sample firms are in the manufacturing sector. This is a database of large firms listed on the
various stock exchanges of Japan. One important characteristic of Japan is that large exporters
comprise the bulk of exports. Remarkably, the 10 largest Japanese firms comprise 40 percent
of all exports (Canals, et. al. 2005). Another important characteristic is that there is virtually
no exit or entry into our sample of exporters from 1982 to 1997. In our sample, there are 312
exporting firms in each year, covering over 90 percent of total Japanese manufacturing export
sales value. These firms are categorized into 52 four-digit level industry groups, which we have
aggregated into 6 broad categories of industries.

Exports and total sales are from the Japan Development Bank database. Export quantities
are defined as export values divided by the industry specific Japanese export price indices (the
base year of 1995, foreign currency bases) from the Bank of Japan Economic and Financial
database. The aggregate Japanese export price index from the International Financial Statistics
from the IMF is used as a proxy for the foreign price.

Firm level export shares are defined as exports divided by the sum of domestic sales and
exports. Note that we use different price indices for domestic sales and export sales, to get real
values, in order to calculate the “real quantity” share of exports. Aggregate export shares are
defined as the average of the firm level export shares.

The exchange rate is measured by the reciprocal of the composite of the trade-weighted
nominal rates of the Japanese Yen, to the foreign currencies of the top 15 trading partner
countries of Japan. The annual nominal exchange rates are from the International Financial
Statistics from IMF, and the trade weights are computed from the Japan Statistical Yearbook.
For world real income, we take Japan’s top 15 trading partners’ real GDP’s (obtained from the

PWT version 6.1), and sum them, by weighting by the trade weights with Japan.
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As a proxy for the prices of imported raw materials used by Japanese exporting firms, we
take the average spot crude oil market price index from the International Financial Statistics.
For industry specific domestic input prices, we take industry specific domestic wages from the
Japan Statistical Yearbook. Industry specific labor productivity is defined industry output per
worker at the four digit level. For the interest rate, we take the one year LIBOR (London
Inter-Bank Offered Rate). For Japanese aggregate TFP, we take the TFP measure provided by
Hayashi and Prescott (2002).

B Firm level estimation

Using the above exporting firm data as well as the aggregate data, we estimate the firm level

export equation in (12)
lnyg; =@y + p1Ine + @y InTy + g lnﬁtf + o, InY" + o, In Py + g 1In 2 + @7 In 5y + wyy.

Table 2 reports the estimates of the coefficients in this export equation. Depending on the
assumptions regarding the unobserved heterogeneity in the error term wu;, we estimate the
equation using ordinary least squares (OLS), fixed effect (FE), and random effect (RE) esti-
mators. For all three cases, the signs of the estimated coefficients agree with the predictions of
our model. That is, the coefficients on the exchange rate ¢;, and the interest rate r; are nega-
tive, while the coefficients on the foreign price level f’tf , world real income Y,”, aggregate TFP
®,, industry-specific labor productivity z;;, and the firm-specific (instrumented) export share
Su (all in log terms) are all positive. In particular, in contrast to the insignificant aggregate
elasticities of exports with respect to exchange rates in Table 1, the firm level estimates for ¢,
(the exchange rate elasticity of exports) are significantly negative for all three cases: -0.41 for
OLS, -0.77 for FE, and -0.75 for RE.

The estimates are very close between the fixed effect estimator and the random effect
estimator, not only for the exchange rate elasticity, but also for all other coefficients. According
to the Hausman specification test, the fixed effect model against the random effect model is

not rejected.? Thus, we focus on the fixed effect estimates, and compare them with the OLS

4The Hausman test statistic is 6.27 and the p-value is 0.51.
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estimates. The magnitude of the exchange rate elasticity is larger for the FE estimate than
for the OLS estimate. The same is true for the interest rate elasticity, and the OLS estimate
of the interest rate elasticity is insignificant, while its FE estimate is significant. The world
income elasticity is small and insignificant for both the OLS and FE estimates. For the TFP
elasticity, the OLS estimate is much larger than the FE estimate, but both are insignificant.
The estimates of the industry productivity elasticity are significant both for the OLS and FE,
but the OLS estimate is smaller than the FE estimate. The estimates of the firm export share
elasticities are significant both for the OLS and FE, but the OLS estimate is larger than the

FE estimate.

[Table 2 here]

We would like to know if there exists a subset of key variables, for which the bias for
omitted variables can be particularly severe in estimating the exchange rate elasticity. To see
this, Table 3 shows the OLS estimation results for various specifications, by omitting different
subsets of variables in the model. The first column reports the result with all the variables in
the model included; the exchange rate elasticity is significantly negative at —0.41. Omitting
all variables other than the exchange rate (column 2), the exchange rate elasticity becomes
significantly positive at 0.42, suggesting that even at the firm level, the omission of relevant
control variables can result in the opposite sign, in the relationship between exchange rates and
exports.

In column 3, the specification includes only four variables (i.e., interest rate, foreign price
level, industry productivity and the firm export share, other than the exchange rate), which
turn out to be significant for both the OLS and the FE estimates. We then omit world real
income and domestic TFP. In this specification, we find that the exchange rate elasticity turns
smaller and insignificant. Thus, omitting both world real income and domestic TFP seems to
result in serious bias in estimating the exchange rate elasticity.

Columns 4 to 9 experiment, omitting a variable in the model one by one, from the interest

rate to the firm export share. Here omitting any single variable in the model, except for
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omitting only world income, or only TFP biases the exchange rate elasticity towards zero and
insignificant. Omitting only the domestic TFP raises the exchange rate elasticity. Omitting
only the world income virtually has no effect.

The sensitivity analysis reported in columns 10 to 17 in Table 3 is done by omitting a group
of related variables, rather than omitting each single variable. Column 10 includes only the
quantity variables (Y}, ®;, z; and 5;). Column 11 includes only the price variables (7; and
ﬁtf ). Column 12 includes only the firm’s supply-side variables (73, ®;, z; and S;). Column 13
includes only the demand-side variables (Y, and ﬁtf ). Column 14 drops only the productivity
related variables, while column 15 includes only the productivity related variables (®;, z; and
u). Column 16 includes only the aggregate variables (71, P, ¥;* and ®,). Column 17 includes
only the industry or firm specific variables (z; and S;). In none of the specifications is the

exchange rate elasticity significantly negative.
[Table 3 here]

Table 4 repeats the same exercise for the fixed effect estimator. As a reminder, the FE
estimate of the exchange rate elasticity was higher at -0.77, than the OLS estimate at -0.41.
However, despite the differences in the magnitudes of the estimates and their significance levels,
we get similar results for the FE as those for the OLS. Omitting any subgroups of the variables
in our model involves sizeable biases. Only when either world income or TFP is omitted is the
bias negligible. The only difference between the FE estimator and the OLS estimator is that
the bias from omitting the two insignificant variables (world income and domestic TFP) in the
full model is relatively small (with the estimate at -0.68) for the FE estimator, compared to
the OLS estimator.

There are two other noticeable observations from the sensitivity analysis for the FE esti-
mator. The bias in the exchange rate elasticity is the highest when industry level productivity
(column 8) and the firm’s export share variables are omitted (column 9). Thus, omitting the
two firm level productivity variables seem to generate the most serious omitted variable biases.

This, of course, does not mean that controlling for aggregate variables is unimportant. Column
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17 confirms that excluding the aggregate variables also generates biases in our firm level regres-
sions. However, even after correctly controlling for the aggregate variables, omitting either or
both of the firm level productivity variables can generate substantial omitted variable biases,

as shown in columns 8, 9 and 16.

[Table 4 here]

C Aggregate estimation

Suppose it is possible to estimate the consistently aggregated export equation (20)
Iyl =@y + o1 e + @ In7i + @I B + o, Y2 + o In®, + pgInz + @y Ins, + By, + Uy

Since it is consistently aggregated from the firm level equation (12), we should be able to obtain
the same estimates for all the coefficients from ¢, to ¢,, as we did from the firm level estimation
of (12). However, the aggregation effect term B; = In E; { ('Z—f)wﬁ (%)W} is not feasible to
include in typical macroeconomic export equations for two reasons. First, we can hardly know
the time-varying joint distributions of (ZZ—Z, i—t") a priori. Second and related, B itself involves
the parameters ¢4 and ¢, that need to be estimated. Thus, unless we are willing to assume
parametric forms of the time-varying joint distributions of (ZZ—ZZ, i—;), we cannot even calculate

B; to correct for the aggregation bias. We can, however, quantify the size of this aggregation

bias by comparing the estimates of the following aggregate export equation (which omits B;)
(24) Inyl =+ ¥y e, + ¥y In7y 4+ g In P + 4, In V¥ + by In @ + g In 2, + - In s, + Uy

with the firm level estimates that are not subject to the aggregation bias. This is done in Table
5.

We construct the aggregate data from our firm level data so that they are consistently
aggregated from the firm level data. We first estimate the aggregate export equation (24), and
compare the estimates with the OLS firm level estimates. We also estimate it using differenced
data, and compare with the fixed-effects estimator. The aggregate OLS estimates are more or

less similar to the OLS firm level estimates for all the coefficients. That is, if the idiosyncratic
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error term uy; is indeed 7.i.d., the aggregation bias seems to be small for all coefficients, including
the exchange rate elasticity.

However, if the u; includes unobservable fixed effects, the aggregation bias seems to be
substantial. First of all, omitting the term B, = In E; { (ZZ—Z’;)% (%)%} underestimates the
elasticity of the industry productivity z; at 0.47, (compared to 0.68 in the firm level estimate);
and overestimates the elasticity of the firm export share s; at 0.93 (compared to 0.60 in the
firm level estimate). It underestimates the interest rate elasticity at -0.17 (compared to -0.35 in
the firm level estimate) while overestimates the TFP elasticity at 0.33 (compared to 0.19 in the
firm level estimate). The foreign price elasticity remains virtually the same at 0.73 (compared
to 0.74 in the firm level estimate). The world income elasticity (incorrectly) turns negative at -

0.11, although it is insignificant. Finally, the aggregate estimation underestimates the exchange

rate elasticity (our key parameter) at -0.65 (compared to -0.77 in the firm level estimate).
[Table 5 here]

D Identification of the deep parameters

Recall that the exchange rate elasticity in equation (8) is:

_ O(a+p)
 1+p(0-1)

which shows that the responsiveness of exports to exchange rates depends on the deep para-
meters of preferences and technology. We can uncover the deep parameters (6, «, 3,7, p) from
the elasticity parameters ¢, to ¢, in the export equation, using the parameter mappings in
equations (13) to (16). From the deep parameters, we can uncover the preferences and the
technology of Japanese exporting firms and determine the effects of the preference and techno-
logical parameters on the exchange rate elasticity of exports.

The elasticity of substitution parameter 6 of the utility function is identified by 6 = Z—z.
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Given this 0, a + 5 + 7 is identified from equation (15) such that:
(25) Y3 = V

el
a+p+y 0
_ {1—(a+5+7)+1}‘1

a+ B+ 0

Then, from equation (13), we identify « + [ such that

~v(a+tpf)
a+ [+
_ps(a+pP)
a+ B+

(26) Y1 =

given the a+ 5+ v from equation (25). « is identified from the difference between the o+ 5+
from equation (25), and the o+ § from equation (26). Then, using the equations (13) and (14),
[ is identified by
(27) §="22(a+8),

Y1
given the o + § from equation (26). Finally, « is identified from the difference between the
a + [ in equation (26), and the (§ in equation (27).

In sum, the preferences and technology parameters are identified such that

(28) 0 = holp,) =22,
P4
P2 —
(29) @ = ha (Lps):m’
—
(30) B = hﬁ(sos):m,
(31) 7= bl = T

where ¢ = (pq, 9, ©3, 94). The implied returns to scale parameter p is

(32) p=hy(ps) =

Table 6 reports the uncovered preferences and technology parameters for each set of esti-

mates from the firm level OLS estimation, the firm level fixed effect estimation, the aggregate
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levels estimation, and the aggregate first-differenced estimation. Standard errors of these deep
parameters are computed using delta methods. (See Appendix for details.)

There are some noticeable features of the deep parameters that are robust to the specifi-
cations of the error terms. First, Japanese exporting firms are facing strong decreasing returns
to scale. The estimated p varies between 0.52 and 0.65, which are significantly different from
zero (i.e., constant returns to scale technology). Furthermore, the standard errors of the p
parameter are small for all specifications, and hence p seems to be fairly precisely estimated.
Note that the higher the p, the smaller the exchange rate elasticity. That is, the exchange rate
elasticity is likely to be overestimated when the typical constant returns to scale Cobb-Douglas
production function for firm level technology is used in deriving the export equation.

Second, the elasticity of substitution parameter in demand € is much larger than unity,
varying from 4 to 10, except for the case of first-differenced aggregate estimation.” When p < 1,
as the elasticity of substitution parameter # becomes larger, the larger the decrease in exports
to the appreciation of exchange rate. Obviously, in the extreme case of Leontief preferences of
6 = 0, exports do not respond at all to the movement of exchange rate. Our large estimates
for 6 implies that the observed significant elasticity of exports with respect to exchange rate is
indeed related to the high substitutability among the differentiated consumption goods.°

Third, the relative size of the labor share o and the capital share § varies depending on the
specifications. Note, however, that the relative share between domestic labor and capital does
not affect the exchange rate elasticity. Only the sum o« + [ matters relative to the imported
input share v. Here in our estimates, not only the sum, but also each of the domestic input
share parameters o and 3, are larger than the imported raw material share parameter v. In

fact, the estimates for ~y itself are very small.” Thus, the observed magnitude of the exchange

5This is because the elasticity of the world income is estimated (incorrectly) to be negative although insignif-
icant.
6However, this parameter seems to be less precisely estimated compared with the returns to scale parameter,

particularly for the high OLS estimate at 10.4. The lower FE estimate for 6 at 3.89 seems to be relatively
precise. In fact, the FE estimates are more precise than those of other specifications for all deep parameters

except for ~.
"The FE estimate for v is slightly negative but with a high standard error.
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rate elasticity does not seem to be related to the share of imported inputs.

[Table 6 here]

V Conclusion

We build a monopolistic competition model of exporting firms, to derive an export equation
at the firm level, which can be consistently aggregated up to the macroeconomic level. We
use our framework to reconcile the conflicting evidence in the existing literature regarding the
exchange rate elasticities at the firm and macroeconomic levels. We show that the estimates
for all elasticity parameters are similar between the firm and (consistently) aggregated levels
once all the variables relevant to the firm’s export supply decision are taken into account. In
particular, we found a significantly negative elasticity of exports with respect to exchange rates
in both the firm and aggregated level export equations.

We show that the omission of only some part of the key variables in the information set
of exporting firms can lead to the puzzling observation of the lack of association between
the movements in export quantities and exchange rates, i.e., the “exchange rate disconnect
puzzle.” Specifically, we found that omitting firm level productivity and export share variables
may yield a substantial bias for the estimates of the elasticity of exports. Furthermore, missing
some distributional characteristics of firm level heterogeneities such as the correlation between
the productivity and export share variables (which is inevitable in the macroeconomic export
equations without using firm level data) turns out to yield a sizeable aggregation bias.

We also identified the deep parameters of preferences and technology, and found substantial
decreasing returns to scale in the Japanese exporting firms’ technology and a fairly high elas-
ticity of substitution among the differentiated goods in consumer preferences. Both parameters
turn out to be important factors in determining the magnitude of the exchange rate elasticity
of exports.

Our paper provides an example of how theory combined with an appropriate use of micro-

economic data can be helpful in solving macroeconomic empirical puzzles. In this paper, we have
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resolved the conflicting existing evidence between the firm and aggregate level data, regarding

the so-called exchange rate disconnect puzzle from this perspective of empirical analysis.
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Appendix

Standard errors for the deep parameters

Let’s denote the variance-covariance matrix V' (¢y) for the estimator ¢, = (¢, ©s, 3, ¢4) such
that®

2
01 012 013 014

2
V(cp)* 012 05 023 0O
S 013 023 U% 034

2

014 024 034 Oy

8The variance and covariance matrix for each of the four estimators of firm level OLS estimation, firm level
FE estimation, aggregate level estimation, and aggregate differenced estimation is available upon request.
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The gradients of the parameter mappings hy to h, in equations (28) to (32) are given by

Vhe ()
Vha (ps)
Vg ()
Vi, (¢s)

Vhp (Sos),

1 &

Ty el

[ -1 1 ¥1— P2 P2 — ¥1 ]
_1+<P3_904’1+803_‘P4’(14‘%03_%04)27(1"‘803_@4)2 ’
_O —1 L) ) }
_71"‘903_@047(14’903_904)27(1"‘803_804)2 7

[ 1 0 L= =y Y1+ 3 }
1+e3—0  (T+ s —9)" (14 93— 90"

0,0

0.0 oy — 1 ¥3 ]
L (1+903_804)2 (1+<P3_904)2

Then, the standard error for each deep parameter x (for x = 0, o, 5,y and p) is computed such

that

0, = [Vha (0)' V (9,) Vi (04)]?

where Vh, () is the gradient of the function h, evaluated at the estimate of ¢,.

§UNIVERSITY OF SOUTHERN CALIFORNIA
TVANDERBILT UNIVERSITY
ILA TROBE UNIVERSITY
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Table 1 Disconnect puzzle with Macroeconomic Data

Using log level data”

Canada France Germany Italy UK uUs Japan Pooled®
Exchane Rate? 011 0.87 0.21 172 012 0.12 0.08 012
xehange Rate ©23) | @oy | ©7 | oo | 013 | 029 | (038 (0.20)
Consant 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.01
©002** | (001 | ©on | (002 | (0002 | (o1 | oy | (0.00**
R-squared 0.0013 | 00031 | 0.0004 | 00121 | 00043 | 00011 | 0.0002 | 0.0003
Using log level data”
Canada France Germany Italy UK uUs Japan Pooled®
Exchane Rate? 013 1.09 0.30 -0.56 0.02 0.51 0.34 0.17
xehange Rate ©22 | ©86) | 61 | 068 | 012 | (028)* | (029 (0.16)
-0.04 047 0.75 -0.01 0.01 -0.63 035 037
Lagged Exchange Rate ©022) | ©86) | 64 | 068 | (013 | 0260 | (029 | (0.16)*
0.75 0.37 0.19 -0.16 0.68 0.55 0.08 0.34
Lagged Export (0.04)*** | (0.06)*** | (0.07y** | (0.08)** | (0.05y=** | (0.05)** | (0.07) | (0.03)***
Consant 154 -0.95 4.93 6.87 0.88 1.83 3.46 2.91
©32)* | (0.94) | @71 | (0.98)y* | .27y | (0.31)*** | (0.32)=+* | (0.18)**
R-squared 0.99 0.85 0.85 0.7 0.98 0.97 0.70 0.92
Using log differenced data
Canada France Germany Italy UK uUs Japan Pooled®
Exchane Rate? 0.04 1.67 1.09 -2.30 -0.09 0.07 0.21 -0.04
xehange Rate ©020) | os | ©75 | 79| 012 | 029 | (037 (0.19)
-0.50 0.97 119 0.72 -0.05 014 012 013
Lagged Exchange Rate ©20* | (@18 | ©e8)* | ©75) | ©12) | 025 | (039 (0.18)
032 031 041 047 055 032 -0.49 042
Lagged Export (0.08)*** | (0.08)*** | (0.06)*** | (0.06)*** | (0.06)*** | (0.05)*** | (0.07)*** (0.04)***
Consant 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01
©002+| (001 | ©on | (001 [©o02y*| (0o0) | (o1 | (0.002)**
R-squared 0.12 0.10 0.18 0.24 0.29 0.10 0.24 0.18

Note: Monthly IFS data for the period from 1982 to 1997 are used.
Heteroskedasticity robust standard errors are in parenthesis. * significant at 10%; ** at 5%; *** at 1%.

1. Linear trends are included.

2. Nominal effective exchange rates.
3. Using G-7 countries with the country dummy.




Table 2 Firm Level Estimation Results

OLS FE RE
1 -0.41 -0.77 -0.75
Exchange rate (0.19)** (0.06)*** (0.06)***
2 -0.23 -0.35 -0.34
Interest rate (0.14) (0.04)*** (0.04)***
- .3 0.52 0.74 0.73
Foreign price (0.25)** (0.07)*** (0.08)***
. 0.05 0.19 0.18
World real income (0.55) (0.16) (0.16)
2.16 0.19 0.30
TFP (2.17) (0.65) (0.64)
L 0.21 0.68 0.66
Industry productivity (0.06)*** (0.04)*** (0.04)***
: 4 1.07 0.60 0.63
Firm export share (0.03)*+* (0.03)*** (0.03)***
2.31 -1.77 -1.53
Constant (7.95) (2.39) (2.40)
F-statistics’ 175.68 373.76 2895.14
R% within 0.17 0.45 0.45
between 0.11 0.12
overall 0.13 0.15
Number of observation 5445 5445 5445

Note: All variables are in log terms.
Heteroskedasticity robust standard errors are in parenthesis.” significant at 10%; ~ at 5%; ~ at 1%.
. Exchange rate is multiplied by the relative price of domestic and imported inputs.
. The interest rate is divided by the wage index.
. Export price is divided the imported input price.
. The firm’s export share is instrumented by the average export share within an industry excluding its own export share.
. Wald chi square static is reported for the random effect model.
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Table 3 Firm Level Estimation Results (OLS)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Exchange rate! 0.41 0.42 -0.16 021 -0.14 -0.40 0.45 0.24 0.33 -0.05 0.20 -0.15 0.09 0.27 -0.09 -0.24 0.02
(0.19)** | (0.04)*** | (0.12) (0.14) 0.13) | (016 | 018 | (018 | (020* | (010 | (0in* | (0.10) (0.14) (0.19) (0.09) (0.20) (0.07)
I torest raté® 023 025 0.14 0.23 -0.30 021 0.34 0.29 0.15 -0.38 0.33
(0.14) (0.12)** 013) | ©12* | (012** | (0.14) | (0.15)** (0.13)** | (0.11) (0.13)*** (0.15)**
Foreign price 0.52 0.16 0.39 052 0.47 0.48 0.83 0.30 0.40 0.77 081
(0.25)** 0.200 | (0.24)* .25 | (0.25)* | (0.25)* [ (0.27)x** (0.21) (0.23)* | (0.27)*** (0.27)***
World real income 0.05 -0.43 -0.03 053 0.04 0.43 -0.34 0.62 0.78 042
(0.55) (0.45) (0.54) (0.25)** | (0.55) (0.58) (0.45) (0.25)** | (0.26)*** (0.58)
TFp 2.16 3.99 1.20 2.33 2.85 1.20 2.59 1.09 1.45 159
(2.17) 1.86)** | (215 | (0.99)** (2.16) (2.31) (1.69) (0.78) (0.72** | (2.30)
Industry productivity 0.21 0.23 0.20 0.20 021 0.21 0.11 0.20 0.20 0.20 0.23
(0.06)*** 0.08)*** | (0.08)*** | (0.06)*** | (0.06)** | (0.06)*** (0.08)** | (0.08)*** (0.06)*** (0.06)*** (0.05)***
Firm export share’ 1.07 1.07 1.07 1.08 1.07 1.07 1.07 1.08 1.08 1.08 1.08
(0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)*** (0.03)***
Constant 231 1354 10.19 9.32 8.16 2.92 2.62 3.09 451 11.92 11.68 7.76 138 7.68 7.46 -4.04 11.74
(7.95) | (0.21)*** | (1.06)*** | (6.55) (7.22) (3.29) (6.17) (7.96) (844) | (6.28)* | (0.81)y*** | (2.24)*** | (6.07) (652) | 223+ | (8.44) | (0.69)***
F-statistics 175.68 | 99.85 | 24412 | 20469 | 20420 | 204.99 | 20458 | 204.38 | 20.07 24496 | 35.29 245.07 35.21 2850 | 306.13 | 2208 | 405.62
R? 0.17 0.02 0.17 0.7 0.17 0.7 0.17 0.7 0.02 017 0.02 017 0.02 0.02 0.17 0.02 0.17
Number of observation 5445 5613 5445 5445 5445 5445 5445 5445 5613 5445 5613 5445 5613 5613 5445 5613 5445

Note: All variables are in log terms.

Heteroskedasticity robust standard errors are in parenthesis. " significant at 10%; = at 5%; =

1. Exchange rate is multiplied by the relative price of domestic and imported inputs.

2. The interest rate is divided by the wage index.

3. Export price is divided the imported input price.
4. The firm’s export share is instrumented by the average export share within an industry excluding its own export share.

at 1%.




Table 4 Firm Level Estimation Results (Fixed Effect Model)

1 2 3 4 5 6 7 8 9 10 11 12 3 i g 16 7
Exchange rate® 0.77 0.42 -0.68 -0.45 -0.36 074 0.78 023 -1.10 022 0.20 -0.35 0.10 -0.26 0.2 -0.23 0.2
(0.06)*** | (0.02)*** | (0.05)*** | (0.04)*** | (0.04)*** | (0.05)*** [ (0.06)*** | (0.05)*** | (0.06)*** | (0.03)*** | (0.03)*** | (0.03)*** [ (0.04)*** [ (0.05)*** | (0.03)*** | (0.06)*** | (0.03)***
Interest rate? -0.35 033 021 032 035 022 0.46 0.29 20,20 -0.38 032
(0'04)*** (0'03)*** (0'03)*** (0.03)*** (0'03)*** (0.04)*** (0'04)*** (0'03)*** (0.02)*** (0.03)*** (0.05)***
Foreign price’ 0.74 0.63 0.54 0.74 0.74 0.50 1.00 0.29 0.38 0.75 0.79
(0.07)*** (0.06)*** | (0.07)*** (0.07)** | (0.08)*** | (0.07)*** | (0.08)*** (0.06)*** (0.07)*** | (0.08)*** (0.08)***
) 019 2053 0.06 0.23 0.04 0.41 039 0.60 0.76 0.37
World real income (0.16) 0127 | (0.17) o7y | 17) | (0.17)** | (0.12)** 0.07y+* | (0.08)*** (0.20)*
. 0.19 3.03 087 087 2.80 192 121 20,66 0,09 173
(0.65) (0.49y** | (0.68) | (0.28)*** (0.66)** | (0.66)*** | (0.48)** (0.25)*x* 0.24) | (0.78)*
Industry productivi 0.68 072 0.63 0.62 0.68 0.68 112 0.60 0.62 0.59 0.58
y y (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)*** (0.04)***
Firm export share’ 0.60 0.59 0.64 0.66 0.61 0.60 0.96 0.68 0.66 0.68 0.68
(0.03)*** (0.03)*** | (0.03)*** | (0.03)*** | (0.03)*** | (0.03)*** | (0.03)*** (0.04)*** (0.03)*** (0.03)*** (0.03)***
Constant -1.77 13.54 2.98 8.79 6.88 0.68 -2.21 2.93 -7.07 12.37 11.70 7.61 -0.92 -7.14 7.21 -3.17 7.01
239) | 008y | 059+ | 173y | @12y | (0.90) | @wr0) | (244) | @agy | (Lesyr | 02nyer | 057y | es) | @wsoyrer | 057y | (2.74) | (0.44y
F-statistics 37376 | 60277 | 519.45 | 41612 | 423.08 | 43481 | 43441 | 34184 | 342.80 | 490.00 | 239.08 | 50648 | 20669 | 18299 | 606.92 | 147.06 | 794.31
R% within 0.45 0.17 0.45 0.44 0.44 0.45 0.45 0.40 0.39 0.43 0.18 0.44 0.18 0.20 0.43 0.20 0.43
between 011 0.00 0.10 0.12 0.12 0.11 0.11 0.15 0.01 0.13 0.00 0.12 0.00 0.00 0.13 0.00 0.13
overall 0.14 0.02 0.13 0.15 0.15 0.14 0.14 0.17 0.01 0.15 0.02 0.15 0.02 0.02 0.15 0.02 0.15
Number of observation 5445 5613 5445 5445 5445 5445 5445 5445 5613 5445 5613 5445 5613 5613 5445 5613 5445

Note: All variables are in log terms.
Heteroskedasticity robust standard errors are in parenthesis.  significant at 10%; ~ at 5%; ™ at 1%.
1. Exchange rate is multiplied by the relative price of domestic and imported inputs.
2. The interest rate is divided by the wage index.
3. Export price is divided the imported input price.
4. The firm’s export share is instrumented by the average export share within an industry excluding its own export share.




Table 5 Magnitudes of Estimation Bias

Firm level Estimation

Aggregate Estimation

Firm level Estimation

Aggregate Estimation

(OLS) (using level data) (FE) (using differenced data)
-041 -0.45 0,77 ~0.65
Exch te'
xenange rate (0.19)** (0.13)%* (0.06)*** (0.17)%*
) -0.23 -0.23 -0.35 017
Interest rate > > "
(0.14) (0.06) (0.04) (0.05)
I 0.52 0.53 0.74 0.73
Foreign price (0.25) (0.15)%* (0.07)%* (0.14)%*
World real income 0.05 0.08 0.19 011
(0.55) ©.21) (0.16) 0.17)
o 2.16 179 0.19 0.33
(217) (L17) (0.65) (L17)
p uctivi 0.21 0.28 0.68 0.47
Industry productivity 0,08y 0.15)* 0,04y (0.25)*
. 1.07 1.00 0.60 0.93
F hare*
Irm export share (0.03)*** (0.15)%*+ (0.03)%*+ (0.26)**+
Constant 231 1.89 .77 0.04
(7.95) (3.11) (2.39) (0.02)
F_statistics 175.68 405.85 373.76 76.06

Note: All variables are in log terms.
Heteroskedasticity robust standard errors are in parenthesis. " significant at 10%; = at5%; ~ at 1%.

1. Exchange rate is multiplied by the relative price of domestic and imported inputs.
2. The interest rate is divided by the wage index.

3. Export price is divided the imported input price.
4. The firm’s export share is instrumented by the average export share within an industry excluding its own export share.




Table 6 Preferences and Technology Parameters

Parameters Firm level Estimation Aggregate Estimation

OLS FE Level data Differenced data

) 10.40 3.89 6.63 -6.64

(113.20) (3.30) (17.34) (10.07)

0.12 0.27 0.15 0.26

« (0.11) (0.04) (0.06) (0.06)

0.16 0.23 0.16 0.09

P (0.12) (0.04) (0.05) (0.03)

0.07 -0.02 0.06 0.04

Y (0.10) (0.03) (0.06) (0.04)

0.65 052 0.63 0.60

P (0.17) (0.05) (0.08) (0.06)

Note: Standard errors in parentheses are calculated by delta methods.




