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Abstract

This paper presents theory and evidence on firms’ import responses to exchange rate fluctua-
tions using highly disaggregated data of Chinese imports from OECD countries. The paper first
develops a heterogeneous-firm trade model and predicts firms’ import responses at both the exten-
sive and intensive margins: when domestic currency appreciates, more firms start importing and
more products are added into the imported inputs bundle (extensive margin effect), and the im-
port value by each firm also increases (intensive margin effect). The model also predicts that those
import responses are more profound for firms in ordinary trade than for those in processing trade.
Next, the paper empirically investigates firms’ import responses to exchange rate fluctuations at
extensive and intensive margins in both the short run and the long run, and all the model predic-
tions are confirmed. The predicted pattern is more robust in the long run than in the short run.
We also find variations among import responses under different exchange rate regimes (including a
fixed exchange rate regime, an expected appreciation regime, and a confirmed appreciation regime).
Finally, we investigate the exchange rate pass-through to import prices and find that incomplete
pass-through has declined.
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1 Introduction

How do importing and exporting firms respond to exchange rate changes? This is a central question
in international macroeconomics. This question has become of greater importance recently, given the
existence and persistence of substantial global imbalances over the last two decades. Several studies,
such as Campa and Goldberg (2005) and Marazzi and Sheets (2007) suggest that exchange rate pass-
through to import prices has declined in recent years in industrialized countries. For example, Dong
(2012) show that both U.S. exports and imports have become much less responsive to exchange rate
movements in recent years and that firms’ pricing behavior and global trade patterns may help to
explain this decline. Hence, it will be informative to study importing and exporting firms’ responses
to exchange rate changes using firm-level data because a micro-level analysis could suggest which
factors are crucial for understanding firms’ responses to exchange rate movement. There are already
several studies on this issue using disaggregate-level data, but they mainly focus on the export side
(for example, Berman, Martin and Mayer (2012)). In this paper, we intend to study the response of
importing firms to exchange rate changes using highly disaggregated Chinese firm-product-level data.
Because China is playing an increasingly important role in the global economy, understanding the
effect of exchange rate movements on Chinese importing firms is essential for examining the source of
trade imbalances and also for predicting the consequences of RMB appreciation on global economy.

This paper provides a first step towards enhancing our understanding of this important issue.

The reason to use disaggregated firm-level data to study the import response is twofold. First,
existing studies on the Chinese import response to exchange rate fluctuations present ambiguous
estimates of the elasticity of Chinese imports with respect to exchange rate changes. The earlier
studies find that an appreciation of the RMB would increase Chinese imports (e.g.Dayal-Gulati and
Cerra (1999); Dees (2001)), but the more recent ones reach a very different finding (e.g., Lau, Mo
and Li (2004); Marquez and Schindler (2007)). For example, Cheung, Chinn and Fujii (2010) find
that estimates of the US-China exchange rate elasticity of imports are inconsistent with the standard
model. Overall, there is no clear consensus regarding the impacts of real appreciation of the RMB
on China’s trade balance based on earlier studies. Marquez and Schindler (2007) concludes that the
estimated response of imports is negligible and lacks precision. The mixed results in previous studies
may be due to the fact that they study Chinese imports using aggregate data at either the industry or
the major product level, which leads to contradictions stemming from a lack of firm-level information.
That perhaps explains why Garcia-Herrero and Koivu (2009) suggest that the exchange rate policy
alone cannot address the trade imbalance. They argue that the real appreciation of the RMB reduces

China’s trade surplus in the long run, but the effect would be limited in the short run.

Another reason to use firm-level data is that recent research in international trade emphasizes the
importance of firms’ extensive margins for understanding the overall pattern of imports, the number

of goods firms import, and the number of countries from which they import. Previous literature on



Chinese import response to exchange rate changes often ignores the distinction of different margins
of trade. These factors represent the major motivations for our investigation into import response to

exchange rate fluctuations using detailed transaction-level Chinese customs data.

To study the response of importing firms to exchange rate changes, we model importing firms’
response when facing a domestic currency appreciation using a heterogeneous-firm framework. The
model predicts that during appreciation, the threshold productivity for importing decreases, which
means that more firms with lower productivity begin importing from abroad. The increasing number of
importing firms corresponds to an extensive margin (firm-level) shift. Also, the fixed cost of importing
implies that the marginal profit for each imported good increases during appreciation, so the variety
of imports increases. This corresponds to an extensive margin shift at product level. With high
elasticity of substitution between inputs, the import value per firm (intensive margin) will increase
under local currency appreciation as well. However, a currency appreciation may have two-way effects
on processing trade profit; the previous pattern could be less robust or even ambiguous when referring

to the processing trade.

Our empirical investigation utilizes highly disaggregate (transaction-level) monthly Chinese cus-
toms data to evaluate the impact of exchange rate fluctuations on imports. A major advantage of
our data is its detailed information on the value and quantity at the HS 8-digit level for each product
that each firm imports from each destination country. We can calculate unit value as a proxy for
the f.o.b. (free-on-board) import price at the firm-product-country level. Thus, we can estimate both
exchange rate elasticity and pass-through at the micro level; this complements the macro literature,

which usually studies more aggregate-level trade volume and price index.

This disaggregate dataset enables us to investigate in detail the shift in importing behavior at
both firm-level and product-level extensive margins and intensive margin. We first follow the method
in Bernard et al. (2009) to decompose aggregate import value into different margins and to examine
both cross-sectional and time-series variations in China’s imports. We find that two types of extensive
margins together contribute to the majority of both the cross-sectional variations and growth over

time in China’s aggregate imports.

Next, we test both a short-term (monthly basis) and a long-term (quarterly basis) accumulative
import response to real exchange rate fluctuations. We first use probit and linear probability regres-
sions to test the probability change in firm entry/exit and product-country adding/dropping in the
extensive margin test. We find that firms significantly increase entry and product-country adding

probability (and consequently reduce exit and dropping probability) when facing local currency real

1One distinguishing feature of China’s trade is the large proportion of processing trade in total trade volume and
the resulting potential interaction between imports and exports (Yu, 2010; Manova and Zhang, 2012). Several papers
explore this issue from the exporters’ perspective to examine how the processing trade interacts with export price and
quantity responses, such as Thorbecke and Smith (2012), Liao, Shi and Zhang (2012), Koopman, Wang and Wei (2012),
Xing (2011) and Ahmed (2009). However, not only trade volume but also price behavior could be influenced by the
two-way trade (both importing and exporting). For example, Amiti, Itskhoki and Konings (2012) find that firms vary
in exchange rate pass-through due to varied import intensity and market shares.



appreciation. In the intensive margin, we test both import value and price changes for a specific firm-
product-country bundle. The results confirm a significant positive coefficient on the real exchange rate
for import value and a negative coefficient on import price. Import responses are generally consistent
with our model predictions, with the more robust pattern in the long run than in the short run due

to the potential time lag in import adjustments.

We then conduct two robustness checks. First, to avoid the concern from seasonal importing
firms, we conduct a robustness check using yearly data as a long-run test to complement the previous
quarterly test. We find a similar pattern as in the baseline results. Second, to verify the model
prediction on processing trade which is a distinct feature of Chinese trade, we test ordinary trade and
processing trade samples separately and find that the responses of ordinary traders are indeed more

profound than those of processing traders.

In the further discussion part, we test pass-through of nominal exchange rate fluctuation into im-
port prices at the disaggregate HS6-product level because the previous literature finds an interesting
decline in import price pass-through mainly based on aggregate data of industrialized countries. Using
China’s customs data, we are able to explore the pattern of pass-through during RMB appreciation in
a developing country. We find that short-run pass-through is highly incomplete: only approximately
15 percent of exchange rate fluctuations would pass-through into the change in import prices (de-
nominated in RMB) within three months. In the long run (within a year) the pass-through elasticity
grows into 50 percent gradually. More importantly, there is a declining pass-through to import prices

in both the long run and the short run, but this decline is more profound in the long run.

Another special feature of Chinese trade is the transition between different exchange rate regimes
during our sample period which offers a unique laboratory to test trade response to policy change.
On July 21, 2005, China announced a move from a fixed exchange rate regime to a managed floating
exchange rate regime. Afterwards, a series of appreciations of the RMB against the US dollar took
place. However, before the official announcement of this reform in 2005, China had already been
under great pressure for RMB appreciation, and thus the market had already anticipated a subsequent
appreciation of RMB since 2003 according to evidence from forward rates in foreign exchange market.
Thus, we segment the whole sample period into three phases (before 2003, 2003-July 2005, and after
July 2005). We find that firms respond differently to exchange rate shocks under different regimes

including a fixed exchange rate regime, an expected appreciation and a confirmed appreciation regime.

Our study is related to several branches of the literature. The first branch is the international
macroeconomics literature using aggregate-level import (export) data and focusing on the exchange
rate elasticity of import (export) price, e.g., Campa and Goldberg (2002);Campa and Goldberg (2005);
Marazzi and Sheets (2007); and Dong (2012).%2 The second branch of the literature uses a disaggregate-

2Campa and Goldberg (2005), for example, find a partial pass-through of exchange rates into import prices in the
short run and a dominant effect in the long run, especially for countries with high exchange rate volatility.



level data set but focuses on the export side (e.g., Berman, Martin and Mayer, 2009).® Within this
branch, there are a few papers exploring the response of Chinese exporters to exchange rate changes,
such as Yu (2009), Li et al. (2012) ,Tang and Zhang (2012) and Thorbecke and Smith (2010). Our
paper, instead, focuses on the response of importers using Chinese customs firm-level data. The third
branch of the literature uses disaggregate data to study importers’ behavior under crisis or devaluation
(e.g., Gopinath and Neiman, 2014; Lu, Mariscal and Mejia, 2012).* Our study focuses on the response

of Chinese importers under exchange rate reforms.

Our paper is also related to studies focusing on different margins of trade. For example, Chaney
(2008), Arkolakis (2010), Eaton, Kortum and Kramarz (2011), and Bernard et al. (2009) find evidence
of extensive margin accounts for a larger share of variation in imports and exports across countries.
Also, Hummels and Klenow (2005) argues that the extensive margin at product bundle level plays an

important role in trade value.

The rest of the paper is organized as follows. Section 2 builds a simple model to capture import
response to exchange rate fluctuation at both the extensive and intensive margins as well as to capture
the difference between processing and ordinary traders. Section 3 describes the data and Section 4
presents stylized facts of Chinese import in terms of both the extensive and intensive margins. Section
5 provides detailed tests to verify the predictions from the model. Section 6 presents robustness checks.
Section 7 further discusses different import responses under different exchange rate regimes and the

exchange rate pass-through into import prices at product level. The last section concludes.

2 A Simple Model

We build a simple monopolistic competition model to examine firms’ import responses to exchange
rate fluctuations by extending Gopinath and Neiman (2014). We first consider an ordinary trade firm,

while at the end of this section, we compare a processing trade firm with an ordinary trade firm.

2.1 The Firm’s Production Problem

It is assumed that firm 4 draws its productivity from a uniform distribution with support (0, Apax)

and follows the production function of

Yi = (KL ) (1)

3Berman, Martin and Mayer (2009) examines heterogeneous exporters’ adjustments in prices and export volume in
response to exchange rate movements using French firm data.

4Gopinath and Neiman (2014) explores the mechanism of trade adjustment during the Argentine crisis from 1996-2008.
They find that within-firm input churning or the sub-extensive margin, rather than the firm- level extensive margin,
played a significant role in the import collapse during the crisis in Argentina. Also, Lu, Mariscal and Mejia (2012) use
Columbian trade data and find that firms select import varieties and reorganize their imported inputs and production
over time under devaluation.



Given its productivity A;, firm ¢ chooses capital input K;, labor input L; and intermediate input
bundle X;, which is a CES aggregate of domestic intermediates Z; and imported intermediates M;,

with a elasticity of substitution p. That is, the intermediate input bundle is defined as
1
X; =27+ MF]?, where p < 1 (2)

The price of final intermediate input bundle Pyx; is given by equation (3)
£ Lo p=l
Pxi= (P + P ) » (3)
For simplicity, we normalize the domestic intermediate input price to one and assume that Py < 1.°

Then we have
p—1

_P
Pxi=(1+Pf;) 7 <1 (4)
Therefore, if a firm only uses domestic intermediate inputs, the input price index is one; if it uses

imported intermediate inputs, the price index is less than one.

The imported intermediate input bundle is assumed to be an aggregation of different imported
varieties j, j € [1,N]. If the price of variety j is pn;, the price index of the imported intermediate

bundle, Pyy;, follows

N o 0 4,
Pui=l pET 0 <1 (5)
=1

where 6 is the elasticity of substitution across imported foreign varieties.

From equation (5), price index Pjy; is a function of the number of varieties imported, N, and
the price of imported variety j, pp;. Generally speaking, the price index of imported bundle Py
is a decreasing function of the number of varieties imported. To see this, we consider a simple case
where the prices of all imported input varieties are identical. Thus, we can use price p,, to denote the
price for all varieties. The price index for the imported input bundle is then simply Py;; = N o Pmn-

Because 6 < 1, Ppy; decreases in N.

Imported input price Pyy; is assumed to be a function of the exchange rate of the domestic currency,
Pyri(e), where the exchange rate e is defined as the price of domestic currency in terms of foreign
currency. Hence, an appreciation of the domestic currency implies an increase in the exchange rate
e. Thus, we have % < 0, and an appreciation of the domestic currency will lead to a decrease
in import prices. In the empirical part, we will investigate the import price changes in response to

exchange rate fluctuations because this constitutes an important channel through which exchange rate

5This assumption ensures that Px;, the price of the intermediate input bundle, is less than one. Intuitively, if
Px; is larger than one, i.e., the normalized domestic intermediates’ price, producers have no incentive to use imported
intermediates.

In this simple model, we assume that not all export firms in the exporting country choose local currency pricing
when setting export prices. This implies that exchange rate fluctuations will always be passed through to the import
price in destination countries. In other words, the price of imported intermediates will change when the exchange rate
changes.



changes affect imports.

Consequently, a reduction in Py; generates a decline in Px;. Therefore, an appreciation of domestic

currency reduces the price index of intermediate inputs as long as firm ¢ imports from abroad.

0Px;

0
8e<

Overall, the unit cost of goods produced by firm i is

1 PP,
Ci= Mﬂ(l — M)lﬁu VA. XZ,WhGI"e Py = a_a(l _ Oé)a_l'rawl—a (6)
)

Because our model is a partial equilibrium model, capital price » and labor price w are both exoge-
nously determined. We assume that they are constant, implying that the price of non-intermediate

inputs Py is identical for all firms. Under this framework, heterogeneity of cost only comes from the

firm’s own productivity A; and intermediate input bundle Pyx;. Define ¢ = WP&TM ; the cost
function for firm ¢ is then given by
P
Ci=p—t 7

Thus, within the same sector or industry, we only have to focus on heterogeneity in A; and Px;.

2.2 The Firm’s Import Decision

2.2.1 Demand Side

We assume a downward sloping demand function for goods produced by firm ¢,

Y; = oP; ", where n > 1 and o is a constant (8)

7

where P; is the price of good i. Profit maximization implies that firm i sets a constant mark-up over

its unit cost C;

2.2.2 The Firm’s Problem

The profit for firm ¢ is denoted by 7;, which equals revenue minus the fixed cost of production. If a
firm imports, it incurs an additional fixed cost of importing, Fj,,, and a variable import cost fimy(V),
which depends on N, the number of varieties imported. It is assumed that fin,(N) increases with N

and is a convex function of N.
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T = A( A ) Fimp — fimp(IN), where A = o 1) 10) is a constant (9)
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Taking the logarithm of the first term in the profit function above, we obtain the following equation

10 (using lower case letters to denote the logarithm).

Py
=\ Xi\1—n
R= A
r= A+ (n—1)(a; — ups) where A = log(\) (10)

2.2.3 The Extensive Margin Decision at Firm Level

In our model, a firm faces a trade-off between reducing production cost by importing more from abroad
and the potential incurred cost of importing. The productivity threshold of importing can be solved
from the zero profit condition. Facing a variable import cost, the more varieties that a firm imports,
the higher cost it must pay. The cut-off value of productivity for imports, a}, is given by the following

equation.

(I* _ lOg[Fl’mp + f’me(N)] - 5\
3 ,,7 _ 1

Given variety N, because p,; decreases when domestic currency appreciates, the cut-off productivity

+ HPzi (11)

consequently decreases.
*

. . Oa
et,a; |,i.e., 661 <0

This implies that the mass of importing firms shifts from (a, amax) to (a;*, (max), where a;* < aj, and

more firms start to import after a currency appreciation.
Proposition 1. When domestic currency appreciates, more firms start to import from abroad, which

suggests an increase in the extensive margin of imports at firm level.

2.2.4 The Extensive Margin Decision at Product Level

How do imported varieties respond to appreciation? Given productivity a;, firm 7 chooses the optimal
N to maximize its profit function

"
N* = arg rnax[)\(T)l_77 — Fimp — fimp(N)] (12)

N )



Under our assumption, the firm incurs a variable cost fin,(/N) to import from abroad. To discover

the effect, we first define the marginal benefit of increasing the import variety as follows:

OPx 0Py
0Py ON

—1 p—pm+p—1
MB(N) = X1 —n)pA] P

As shown in Section 2.1, the price index of intermediate imported input Pjy; decreases with the number

of imported varieties IV, i.e., 613]517;\,(1\7) < 0. Thus the price index of intermediate input bundle Px; also

decreases in N, i.e.,apgij\gm < 0. Because n > 1, we have M B(N) > 0.

From equation (12), we can also define the marginal cost of an extra imported variety, given by

_ 8fimp(N)

MC(N) = AN >0

Because fimp(N) increases with N and is a convex function of N, the marginal cost M C(N) of importing

intermediate input is positive and increasing in N.

When domestic currency appreciates, MB(N) will also be affected because Px;. The price level
of the intermediate input bundle decreases due to the appreciation. Meanwhile, 813%47;\[(]\/) is also a
function of e. Intuitively, as long as the elasticity between imported and domestic intermediates is
low, the marginal benefit of importing an extra variety increases when e increases.” This implies that

the MB curve shifts upward when currency appreciates.

From equation (12), the optimal number for imported variety N* becomes the intersection of the
marginal cost (MC) and marginal benefit (MB) equations. Note that M C(N) is independent of the
exchange rate. Therefore, as illustrated in Appendix A, as long as the slope of the MC curve is larger
than the slope of the MB curve, when the marginal benefit curve shifts upwards because domestic
current appreciates, the intersection point N* will rise, which implies an increase in the number of

imported varieties for an importing firm.

Proposition 2. When domestic currency appreciates, a firm tends to import more varieties from

abroad, which suggests an increase in the extensive margin of imports at product level.

Proof: See Appendix A.

2.2.5 The Firm’s Intensive Margin Decision

Given its choice to import or not and the number of importing varieties, firm ¢ minimizes its cost
by choosing the optimal composition of domestic input Z; and imported input M; to produce the
intermediate input. In this section, we focus on the response of the intensive margin to exchange rate

fluctuations, so we will treat M; as a single variety of imported input with price Pyy;.

0—
"Consider the previous simple case where pmj; = pm, Pvi = N o pm(e). We show that when p is small enough, the
MB(N) function is an increasing function of e. For a detailed proof, please see Appendix A.



in|P,; Z; + PyriM; 1
g}}\?[ wiZi + Phri 1] (3)

s.t.[Z0 + Mf]% =1

Solving the cost minimizing problem yields the optimal input for both imported and domestic inter-

mediate inputs M and Z; to produce one unit of the intermediate input bundle.

=L 1
Mj = (14 P )7 (14)
=
ZF = Pit My (15)
Because % < 0, gpiwi < 0 and p < 1, we have agg > 0, implying that imports from abroad M;

should rise as the exchange rate increases.
e T, Pui(e) 4, M;(e) 1

If we define the expenditure on the imported intermediate input as C,, we can see that it is a function

of exchange rate e.

Cinle) = (14 P )" F Pasi(e) (16)

Because % < 0, imported value C), is an increasing function of exchange rate e given that substi-
tution elasticity between domestically produced and imported intermediates is high and that the price
of the imported intermediates is not too low. In the numerical analysis, we show that this condition

holds.® This implies that if domestic currency appreciates, expenditure on imports increases. That is

e T, Pyi(e) ,Cn(e) T if p satisfies certain condition

Proposition 3. When the domestic currency appreciates, the intensive margin of imports, i.e., the

total expenditure on imported intermediate inputs, increases.

2.3 Global Value Chain

Up to now, our model has focused on ordinary trade firms. In this subsection, we explore a scenario
in which firms engage in the global value chain and perform processing trade. In this scenario, a
processing-trade firm may engage in pure assembly using imported intermediates provided by foreign

partners, or it may import intermediate inputs and produce final products to export. In both cases,

P _
8The following condition must be satisfied: (1 + P{; " )(p — 1) > —1. This condition is satisfied if p > p* = arg{p =
P _

p—1
PMT}. The LHS of the equation inside the brackets is increasing in p, as is the RHS. In our numerical analysis, we

+p,t

can verify that as long as Py is reasonably large within the range of [0,1], and p is sufficiently large, the above condition
can be satisfied. Gopinath and Neiman (2014) set p to be approximately 0.75 in calibration. Given this value of p, the
above condition is satisfied.

10



facing exchange rate changes, the marginal benefit for the importing form of firms will be different
from that for ordinary trade firms. In the first case, or the so-called pure assembly-trade case, there is
little change in input cost because the intermediate input is directly provided by foreign firms. In this
sense, there is no incentive for Chinese assembly firms to change import values when facing exchange
rate fluctuations. However, if a firm engages in the processing trade and imports intermediate inputs,

then the import response to exchange rate fluctuations would be different.

We use a simple model to illustrate this point. We assume that firm ¢ uses imported and domestic
intermediate goods to produce export goods. The setting regarding the price and quantity of domestic
and imported intermediates is the same as in the model above. So the cost of the export good is also

1—p pp
C; = o (1—1u)1‘ - Py AiPXi, where Py and Py; are defined similarly as in the ordinary trade model.

We also assume that processing trade firm ¢ has a foreign partner. The foreign partner services
consumers abroad and entails an additional outlay cost, T, for marketing purposes and to manage a
distribution network. T may also include up-front sunk costs paid by firm i’s foreign partner. The
foreign partner and the processing-trade firm ¢ engage in a Nash-bargaining game with bargaining
weights corresponding to their contribution to the collaborated production. To be specific, we assume
that these weights reflect the share of total costs borne by each side. Under this setting, the processing
trade firm would only reap a proportion of the total profit m; , and the proportion will depend on its

input share.

To derive the profit equation, we assume that in the international market, there is a downward
demand for goods produced by firm i.
Y = o(P)

where P is the foreign currency price of good i and o is a constant. Because we have flexible prices,

the price faced by foreigners is the same regardless of whether the firm uses producer currency pricing
or local currency pricing.” Suppose firm i follows the producer’s currency when setting the export

price, given that P; = %Ci. Then, it sets the exporting price as

Ui

_Pi*zepl-:en_l

Ci (17)
Hence, the profit that processing-trade firm ¢ obtains from production is given by

T =Y P} — Y Ci — Fymp — fimp(N) =T (18)

1
nfT = o)
=

As mentioned above, the profit that processing-trade firm ¢ receives is proportional to its input share.

=1 " = Fonp = fimp(N) = T (19)

°If firm 4 adopts local currency pricing, the optimal price set by firm i is given by P} = eﬁCi. So the demand
Prvy

e Yi"Ci — Fimp — fimp(N) -T.

follows Y;" = o(e-"5C;) ™", and the profit in terms of the domestic currency is 7 =

Hence, the profit denoted in domestic currency is the same as in equation (20).

11



Using the notation from the ordinary trade model, define A = 0(%)_"77%1(151_"; the profit that the

processing-trade firm receives m; becomes

= D By fy(N) = T o Lo T (20)

—n(Pxiy1- Citfimp(N)+Fim
We define 77 = Ae ()1 — Fipy — finp(V) and B = (Sl NP v 1 denotes
the share of inputs contributed by processing firm i. Then, profit for processing-trade firm ¢ follows
7 = w7 % B. Let the profit of a parallel importing firm j that engages in ordinary trade be denoted

as 790 and 79P = 7PT + T. Then we have

om;  onPT N @WPT

de  Oe Oe 2y
We can show that o PT pu. 70D 9nOD
5 = —ne_”_l)\(f)l_n +e " 5 <e " 9e (22)
and
aa—f < 0, with 88(2" <0

First, due to the presence of e~ in the revenue function, compared to the parallel ordinary trade
firm, the profit increase of the processing firm is smaller, as shown by expression (22). Intuitively,
this is because when the domestic currency appreciates, export good 7 becomes more expensive and
foreign demand decreases, which in turn reduces the profit gain of the firm due to cost reductions after
exchange rate appreciation. Second, as the exchange rate increases, for processing trade firm ¢, costs
reduce and profit rises, while the bargaining power of firm 7 decreases as the input share B decreases.

So the profit increases after the currency appreciation shrinks for the processing firm.

Hence, due to the above two effects, the response of importers to exchange rate fluctuations for
processing-trade firms should be weaker than for ordinary trade firms. In particular, if the two adverse
effects are large enough, the import responses of the processing trade firm to exchange rate fluctuation

may become ambiguous. In summary, we have the following proposition.

Proposition 4. When domestic currency fluctuates, processing-trade firms tend to have less or even

ambiguous import response compared to ordinary trade firms.

3 Data

Our empirical investigation is built upon highly disaggregated trade data for Chinese importing firms
and their imported products as well as on bilateral exchange rates between China and its trading

partners.

12



3.1 Transaction-level trade data

The import data come from Chinese transaction-level trade data, maintained by China’s General
Administration of Customs. This database records monthly data for all Chinese export and import
transactions between 2000 and 2006, including import and export values (denominated in US dollars),
quantities, quantity units, HS 8-digit product classification, firm identity information, trade destina-
tions/origins, type of enterprises (e.g., state owned, domestic private firms, foreign invested, and joint
ventures), and customs regimes (e.g., “Processing and Assembling” and “Processing with Imported
Materials”). Specifically, import data from 29 OECD countries are included in our empirical inves-
tigation, which accounts for a majority of China’s total import value (approximately 54-60 percent)
from 2000 to 2006."°

3.2 Exchange rate data

Nominal exchange rates

Nominal exchange rates are obtained from the Bloomberg Daily Exchange Rate Database. As we
only need monthly data, the average monthly exchange rates are calculated as the mean of the spot
daily exchange rates for that month. The Bloomberg Daily Exchange Rate Database covers all spot
exchange rates between China and her 29 OECD trading partners using 16 currencies: USD, AUD,
EUR, CAD, DKK, HUF, NZD, GBP, JPY, SEK, KRW, NOK, CHF, MXN, PLN, and CZK.!!

Real exchange rates

We use real exchange rates instead of nominal exchange rates in the empirical tests of import
response to exchange rate fluctuations. To construct real exchange rates, the monthly consumer price
index (CPI) is obtained from the IMF website. CPI and C'PI, represent the consumer price index of
China and of the corresponding import partner country c, respectively. We use e, and E. to denote
the real exchange rate and the nominal exchange rate between the home country, China, and foreign
country c¢, respectively. E. is defined as the price of the domestic currency in terms of the foreign
currency of country c¢, for example, Eyg was 0.125 in 2006, i.e., one Chinese yuan was worth 0.125
USD in 2006 according to official nominal exchange rates. Under this definition, an increase in E.
represents an appreciation of the domestic currency against a foreign currency. Then, the bilateral

real exchange rate is given by
_ E.xCPI

CPI,

€c

To be consistent with the customs trade data, real exchange rates in our analysis cover the period

0The sample countries include Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Norway,
Poland, Portugal, the Republic of Korea, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United
States. We chose these countries because they are among China’s top trading partners and also because of the availability
of the bilateral exchange rates.

"Note that some countries share a common currency, such as EU countries.
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from January 2000 to December 2006. We use a log difference to measure the change in the bilateral
real exchange rate between China and country ¢ during a certain time interval at either monthly or

quarterly frequency:
E t CPIt CPIct
Aey =1 o 1 — ) =1 — .
Cor =108 (Ec,H) s (OPIH) % <CPIC,H

3.3 China’s exchange rate reform and currency appreciation

Before July 2005, China followed a fixed exchange rate regime with the RMB pegged to the US dollar.
In July 2005, China announced the adoption of a managed floating exchange rate regime to replace
the fixed regime. Under the managed floating regime, based on market supply and demand, exchange
rates of RMB against USD are set with reference to a basket of foreign currencies. Figure 1 depicts
fluctuations of both nominal and real exchange rates for RMB against USD from 2000 to 2006. As
illustrated in Figure 1, nominal exchange rates between RMB and USD did not change before 2005,
and fluctuations of nominal exchange rates only occur after the regime shift in 2005. Nevertheless, the
fluctuations of real exchange rates of the RMB against the USD are observed over the entire sample
period. The increasing trends imply an appreciation of the RMB against the USD in both nominal

and real exchange rates.

aF

2000m1 2002m1 2004m1 2006m1

nominal real

Figure 1: Nominal and Real Exchange Rate Fluctuation
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Figure 2: Time trend of import value and decomposition
4 Stylized facts for China’s imports

In this section, we present some stylized facts for China’s imports, including aggregate import value

and changes in different import margins.

4.1 Aggregate import value and its decomposition

Using transaction-level customs data, we aggregate import value by each firm-product-country triplet,
i.e., we collect all import transactions for each individual firm that imports a specific HS 6-digit
product from a certain source country during each month and aggregate these to one observation as

a “firm-product-country” combination.'?

China’s trade volume has increased dramatically since joining the WTO in Dec 2001. China’s
export and import values in 2000 were approximately 266 billion and 243 billion US dollars, respec-
tively. In 2006, these figures reached 969 billion (increasing by 264%) and 791 billion (increasing by
226%) US dollars. Figure 2(a) presents monthly total import values from Jan 2000 to Dec 2006. The
aggregate import value shows a significantly increasing trend over time, especially after accession to
the WTO in Dec 2001, although fluctuations are also observed from time to time. To decompose the
aggregate import value, we also plot the number of importing firms and the number of product-origin
country combinations (see Figures 2(b) and 2(c)). Figure 2 shows that both the number of importing
firms and the number of product-country bundles present a steady increasing trend over time, jointly

contributing to the phenomenon of soaring aggregate import value after the WTO accession.

12Note that we adopt HS 6-digit, instead of 8-digit, product classifications to concord them consistently over time
based on the conversion table from the UN Comtrade because China adjusts her HS 8-digit product codes occasionally.
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4.2 The margins of China’s imports

It is important to understand the contribution of different margins to trade (e.g., Chaney, 2008;
Bernard et al., 2009, among others). We thus follow the method in Bernard et al. (2009) to decompose
aggregate import value into different margins and to examine both cross-sectional and time-series
variations in China’s imports. This decomposition analysis will give us a rough picture of China’s

imports.

Cross-sectional decomposition — China’s aggregate import with partner country ¢ (denoted
by z.) is decomposed into the number of firms who import from that country (f.), the number of
all products imported from that country (N.), and the average value of imports per firm-product,
zc/(feNe). However, it should be noted that the term z./(f.IV.) is not the intensive margin because
the full firm-product bundle f./N. may not all be imported from abroad. Therefore, to account for
density of actual trade (Bernard et al., 2009), we will introduce an additional term d., which is defined
as the fraction of all possible firm-product combinations that have positive import from partner country
¢, i.e., d. = o./(fcpe), where o, is the total number of “firm-product” combinations that have non-zero
import value from country c. Then, the intensive margin Z. can be calculated as z./0.. Since firms
usually import only a small fraction of the overall products traded, density is typically a positive
number ranging from zero to unity and negatively relates to f. and p.. We can now decompose import

value according to the following equation:
Te = fePe * Te * de, (23)

where f. is the firm-level extensive margin; p. represents the product-level extensive margin; z. is the
intensive margin; d. is the trade density. The total import value is thus divided into different margins

and import density after taking the logarithm on both sides of equation (23).

We then apply a similar decomposition approach as used in Bernard et al. (2009) to compute the
relative contribution of each margin to total imports. We regress the logarithm of each trade margin
(see the terms on the right-hand side of equation (23)) on the logarithm of total import value on
the left-hand side of equation (23). The coefficients sum to unity, with each coefficient representing
the share of the overall variation in total import value explained by each margin. For example, the
coeflicient on f. represents the contribution share of the firm-level extensive margin in explaining the
aggregate value of imports. We find that the shares of the aggregate import value being explained by
the average firm-level extensive margin, the product-level extensive margin, and the intensive margin
are 0.42, 0.37, and 0.53, respectively, while trade density takes the weight of the remaining -0.35. If
we include two types of extensive margins together, their total contributions outweigh the intensive
margin in explaining the variations in aggregate imports. This is consistent with findings in Bernard
et al. (2009) using US data.'?

13In Bernard et al. (2009), they find that 0.58 of US aggregate import value comes from extensive firm margin, 0.54
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Time-series variation — We also follow Bernard et al. (2009) to decompose the time-series
variations in Chinese imports between periods. We again decompose total imports onto two types
of extensive margins (firm entry and existing and continuing firm additions and deletions of country-
products) and one intensive margin (continuing firm-product-country growth and decline). Table 1
reports the results and shows that changes in China’s imports due to the two types of extensive

margins also dominate changes from the intensive margin.

[INSERT TABLE 1]

5 Import response to real exchange rate fluctuations

Now we take a closer look at how real exchange rate fluctuations affect import responses. We inves-
tigate firm import responses to exchange rate changes and report results for both the extensive and
intensive margins based on micro-level data. In the extensive margin regressions, we further unfold
the extensive margin at both the firm and product levels. In the intensive margin, we test both import

value and price changes for a specific firm-product-country bundle.

In reality, the importing firm’s response in our data set and the exchange rate fluctuations may
not occur at the same pace. For example, there is a lag between firm’s decisions and import reporting
to customs. Also, firms may adjust imports between months to keep the inventory at a constant
level. Thus, we test our model predictions for both the short run (monthly intervals) and the long
run (quarterly intervals). One might be concerned regarding the monthly short-run analysis due to
the seasonal importing behavior of firms. To alleviate this concern, we present a frequency analysis
(see Appendix B) and find that most firms import very frequently: more than 71% of firms import in
all twelve months within a year (see Table B.1 in the appendix). Therefore, we are confident in using
monthly/quarterly data to examine import response to exchange rate fluctuations. Nonetheless, later

in the robustness checks, we will also report results using yearly intervals as the long run.

In our model, an appreciation of the domestic currency implies a reduction of import costs. Con-
sequently, firms tend to enter the importing market and to import more varieties than before. If the
elasticity of substitution of imported inputs is high, the increase in import quantity may offset the

price reduction, which leads to an increase in import value.

If our prediction is correct, we expect a significant positive coefficient for the exchange rate for
both the extensive margins and for importing volume at the intensive margin and a negative coefficient
for import price at the intensive margin. Also, this pattern could be more stable over a longer horizon

than in the short term due to a time lag in firms’ responses.

from product churning, and 0.318 from the intensive margin.
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5.1 Import responses at the extensive margins

5.1.1 Firm entry/exit

We first test the extensive margin at firm level by examining the effect of exchange rate fluctuations
on firms’ probability of entry or exit using a probit regression. To be specific, we set the entry and exit
dummy as the dependent variable in our regressions. We define entry equaling one if a firm imports
in time ¢ but does not import in £ — 1; entry is set to zero if a firm imports in both time ¢ and ¢t — 1,

where time ¢ could be either monthly or quarterly.

As this test is for firm entry/exit probability, the exchange rate is accordingly calculated at firm
level, defined as the sum of the weighted exchange rate among all trading partners of the firm. To
address the potential endogeneity issue of firm-level exchange rates due to the changing weight of
trade partners over time, we adopt two methods for constructing firm-level exchange rates. In both
methods for computing the firm exchange rates, the weights for different trade partners are constant
over our sample period because we set country weight to be the share of total import value from
one country in this firm’s aggregate import value from all its trading partners over the entire sample
period. Therefore, the constructed firm-level exchange rates alleviate the concern that an importing
firm adjusts its trade partners according to exchange rate fluctuations over time. The difference
between the two methods is that in the first one, we use the bilateral real exchange rate between RMB
and importing countries in our sample to construct firm-level exchange rates. In the alternative, we
use real exchange rates only between USD and RMB combined with the constant weight of each trade
partner to construct firm-level exchange rates because the majority of Chinese trade transactions are

denominated in US dollars.
The regression equation for firm entry is given by

3
Pr(Entry = 1); (1—nt) = (I)(Z Vi1 € (t—k—n,t—k) T V=1Zit + Bg1gt + Fi + Fy),
k=0
where e;; is the firm-level exchange rate fluctuation, Z;; is an export dummy to indicate whether firm
i engages in two-way trade (i.e., export and import at the same time interval) and g, is GDP growth
to control for demand changes in the domestic market (here, the Chinese market). F represents a set
of fixed effect terms, including firm fixed effects F; and time fixed effects F;. In the probit regression,
we only include time fixed effects, while in the linear probability regressions, we include both firm

fixed effects and time fixed effects.

To take into account potentially sluggish import responses to exchange rate shocks, as postulated
by the standard arguments for the J-curve response, we exploit the high frequency nature of the data
and design the test as follows. The elasticity of the exchange rate Zi:o g1 is the sum of both the
contemporaneous coefficient of exchange rate fluctuations (monthly or quarterly) and three lagged

coefficients of exchange rate fluctuations. This approach is often used to test price adjustments and
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trade responses to exchange rate fluctuations in the literature, such as Campa and Goldberg (2005);
Gopinath, Itskhoki and Rigobon (2010); Gopinath and Itskhoki (2010); Tang and Zhang (2012).

In our test, we distinguish long run and short run responses. We define long run as quarterly
changes and short run as monthly changes. In the long-run test, variables (including the entry dummy)
capture quarterly adjustment, i.e., n=3. In this case , exchange rate fluctuations (e;_j_3 ) are quar-
terly changes covering three months, while in the short-run regression, variables capture monthly

adjustments, and exchange rate fluctuations are also defined at monthly basis, i.e., n=1.

Similarly, we test firm exit decisions from importing markets during the period ¢ according to the

following equation:

3
Pr(Exit = 1); (t—np) = ‘I’(Z k2 € (t—k—n,t—k) T V22Zit + Bg2gt + Fi + F),
k=0
where Exit is set to one if firm ¢ imports in time ¢ — 1 but not in time ¢; it equals zero if firm 4

continues to import in both time ¢ and t — 1.

Table 2 shows the baseline regression results for firm entry probability using the weighted firm-level
exchange rates. For OECD countries, the coeflicients on exchange rate fluctuations are significantly
positive across all specifications in both the probit and the linear probability estimations. The positive
coefficient suggests that it is more likely for firms to overcome fixed costs and to import from abroad
when the domestic currency appreciates. The net coefficient for the long run is obtained by adding
coefficients over four smooth-moving regressions; similarly, the short-run coefficient is the sum of
monthly coefficients over four continuing monthly regressions. In contrast, the significantly negative
coefficients for firm exit suggest that it is unlikely that firms exit from the importing market when
facing domestic currency appreciation. The results here are consistent with Proposition 1 in our
model. We also calculate the marginal effect of exchange rate fluctuations on import decisions of firm
entry/exit. In the long run, a 10 percent RMB appreciation improves the probability of firm entry by
0.02 percent and reduces probability of exit by 0.02 percent for OECD countries. In the short run,
the probability of entry increases by 0.007 percent and the probability of firm exit reduces, though
not significantly, by 0.04 percent for imports from OECD countries.

[INSERT TABLE 2]

In Table 3, we report the results using the alternative approach with only USD/RMB exchange
rate to calculate firm-level exchange rates. In the long run, the marginal effect of real exchange rate
fluctuations shows that a 10 percent real appreciation of RMB against USD improves the probability
of firm entry by 0.05 percent and reduces the probability of exit by more than 0.32 percent for imports
from OECD countries. In the short run, the effects are less significant but still show the predicted
signs as in Proposition 1. Compared with results in Table 2, the two approaches in computing firm-

level exchange rates yield similar results, and the only difference is that the coefficients are larger in
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the second test than in the one using weighted firm-level exchange rates. Generally speaking, the
firm-level extensive margin responses follow our predictions (see Proposition 1) in both the long run
and the short run, which contributes to the aggregate increase of import value after domestic currency

appreciation.
[INSERT TABLE 3]

5.1.2 Products adding/dropping

According to the model prediction in Proposition 2, firms add more product varieties into the import
set or import from more foreign countries while they eliminate fewer product varieties or stop importing
from fewer countries when facing a domestic currency appreciation. We thus test products adding and
dropping using probit and linear probability regressions similar to the previous tests for firm entry /exit.
We classify product variety at the HS 6-digit level, and define HS-6 products from different originating
countries as different varieties. In other words, according to the HS-6 product and the country origin,
we construct a new “product-country” bundle to test the product churning effect. We use the following

regression equations:

3
Pr(Add = 1)ipe(—np) = PO A ec—h-ni—k) + 121 Zit + Ng1ge + Fine + Fy) (24)
k=0
3
Pr(Drop = 1)ipe, (t—nt) = ‘I)(Z Mk2A € (t—k—ny—k) T N=2Zit + Ng2gt + Fine + Fy) (25)
k=0

where i, h, ¢, t represent firm, HS6 product, country and time (month or quarter), respectively. Ae
represents real exchange rate changes between country ¢ and domestic country at time ¢t. We use the
dummy variables Add or Drop to capture firm i’s adding/dropping a specific product h from country
c at time t. To be specific, Add equals one if a product appears in period ¢ but not in previous period
t — 1, and zero otherwise; Drop equals one if a product appears in period ¢ — 1 but not in period ¢. For
control variables, we include the two-way trade dummy Z;; and the GDP growth rate g; to control for
domestic demand. Firm-product-country fixed effects and year fixed effects are also included in the

linear probability regression.
[INSERT TABLE 4]

The results at both quarterly and monthly intervals are reported in Table 4. In columns 1 and 2
of Table 4, we notice that a rise in real exchange rates (real appreciation of domestic currency) has a
positive impact on products adding. In columns 3 and 4, there are significantly negative coefficients
on exchange rates for products dropping regressions. The result suggests that, similar to the firm-

level extensive margin test, an appreciation of local currency leads to an increase in the probability of
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adding imported products and a decrease in the probability of dropping imported products. Columns
5-8 report the results using a linear probability estimation. The results support the model predictions

on products adding/dropping as stated in Proposition 2.

5.2 Import responses at the intensive margin

To test the impact of exchange rate fluctuations on the intensive margin, we estimate the following

two specifications:

3
AZipe(t—n) = Z BriAec (t—k—n,ti—k) T Ba1Zit + Byrgt + Fine + Ft + €inet (26)
k=0
3
Apine(t-nt) = 3 Bralec t—knyi—iy + Bz2Zit + Bgag + Fine + Fi + €inet (27)
k=0

where i, h, ¢, t represent firm, HS6 product, country and time (month or quarter), respectively. x;pe
represents the logarithm of the import value of product h by firm ¢ from country ¢ at time ¢, and e
is the logarithm of the real exchange rate between the RMB and importing country ¢’s currency at
time t. g; is the GDP growth rate at time ¢ to control for demand shift in the domestic market. F' is
the set of fixed effect terms. We add fixed effects at firm-country-product level Fjj. and year level F;.

€;net denotes unobserved shocks.

In the second specification (see equation (27)), we focus on the effect of real exchange rate fluctu-
ations on domestic import price changes. The dependent variable becomes Ap;ne, the price change of
product h imported from country ¢ by firm i during time (¢ —n, ¢). Import prices have been converted
into RMB prices using monthly spot rates. The independent variables are the same as in the regression

for import value.!*

The baseline regression results for the intensive margin are reported in Table 5. Columns 1-4
report the import value (see columns 1 and 3) and import price (see columns 2 and 4) regression for
imports from all OECD countries. Columns 5 and 6 report results for the import value from the US

in both the long run and the short run.
[INSERT TABLE 5]

Table 5 shows that the coefficients for the accumulative effect within the long run are significantly
positive for imports from OECD countries (see column 1). This suggests that from a longer time
perspective, the average import value from the OECD for a current “firm-product-country” triplet in-

creases by 5.3 percent under a 10 percent RMB real appreciation. The effect is robust after controlling

4 Because we are using monthly panel data, we perform a Dickey-Fuller test for the stationarity of RMB fluctuations
with the trading partners’ currency. The p value suggests that we reject the null hypothesis of a unit root for both
monthly and quarterly changes in exchange rates at all common significance levels in our sample. Thus, we do not use
the VEC estimation as in a typical time-series analysis.
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for fixed firm-product-country and time fixed effects. This is consistent with Proposition 3 that the
intensive margin of imports, i.e., the expenditure for each imported variety, increases when domestic
currency appreciates. For import price changes, if the local currency appreciates, the representative
price of imports in terms of local currency should be reduced. As shown in Table 5, in the long run,
the import price for imports from OECD countries reduces by 0.57 percent under a 10 percent RMB

appreciation (see column 2).

In the short run, when we look at the coefficients for accumulative responses, the results at the
intensive margin are less robust. To be specific, import value even decreased slightly by 0.6 percent in
the short run under a 10 percent real appreciation (see column 3), which contradicts our prediction.
Since the import responses to exchange rate shocks may have time lag, it is not surprising that the
short-run effect is less robust than that for the long run. However, the price response in the short run
remains significantly negative which is consistent with the results in the long run (see column 4). For
import values from the US (see columns 5 and 6), we observe that the intensive margin rises by 7.8
percent in the short run and by 4.5 percent in the long run under a 10 percent appreciation of the

local currency.

5.3 Changes in margins and exchange rate fluctuations

So far, we have tested each type of import margin separately using Chinese data that support Propo-
sition 1-3. Now, we present fluctuations in the different margins and aggregate import value together
in Figure 3. Intuitively, all fluctuations follow the same trend and aggregate import value fluctuation
dominates. This result suggests that changes in both the extensive and intensive margins contribute
to aggregate import value fluctuation. To quantitatively test the response of different import margins
to real exchange rate fluctuations, we use a simple regression at a monthly basis to estimate the re-
sponse of changes in each margin across trade partners with respect to exchange rate fluctuations.!”
We first distinguish import value and different margins of imports to obtain the changes in (1) total
import value, (2) firm margin, (3) product-country margin, and (4) intensive margin. To be specific,
the change in the firm-level extensive margin represents the net entry out of exit in a given month;
similarly, the change in the product-level extensive margin represents the net number of products

added out of those dropped. The change in the intensive margin is the adjustment of the import value

for each “product-country” bundle of existing import firms in our sample.

Table 6 reports the results from regressing the first difference (monthly) of firm number, products
and intensive margins on exchange rate changes. Column 1 of Table 6 shows the coefficient of real
exchange rate fluctuations for changes in the aggregate import value, columns 2 and 3 report those for
changes in the number of firms and the number of products, and the last column is for changes in the

intensive margin fluctuations. After controlling for country fixed effects, we find that exchange rate

5The sample size for this regression is 2205 country-month observations, which is an unbalanced panel.
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Figure 3: Fluctuations in margins of import over time

fluctuations play a significant role in determining firm entry and product churning, which leads to an
overall increase in import value. A one percent real appreciation of currency significantly increases
the probability of entry by 0.23 percent and products adding by approximately 0.24 percent. But
real exchange rate fluctuations have an insignificant positive coefficient on the intensive margin. The
insignificant coefficient for the intensive margin suggests an insignificant increase in the import value by
continuing importers. To conclude, although all margins of import contribute to the aggregate increase
in import value, the extensive margins rather than intensive margin are the major contributors to the

aggregate import response to real exchange rate fluctuations in China.!®

6 Robustness

6.1 A yearly long-run investigation

Previously, we focus on firms’ responses including entry/exit and product churning mainly at monthly
and quarterly basis. According to an import frequency analysis in Table B.1 in Appendix B, the
majority of importers continuously import during most of months within a year, and they also import
the same product (or major product) consistently for many months within one year. However, one
might still concern about some seasonal importers. Because those seasonal production activities may
yield a continuing cease of importing for successive months within a year, for which case it may be

treated as firm exit or product dropping. To exclude this concern, we conduct a yearly regression to

16This is different from findings in other studies regarding importers’ response to exchange rate changes in small
open economies, as suggested in Lu, Mariscal and Mejia (2012). Other studies show that the intensive margin (including
product switching, i.e., both adding and dropping products, within firms) is the most important pattern when Columbian
importers face a large real appreciation.
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capture firms’ responses at a longer horizon.

In this exercise, we examine yearly import value changes instead of quarterly as a long-run intensive
margin test. Also, at extensive margin levels, if a firm imports at least once within a year we treat
it as a non-exit importer; if a product-country bundle appears at least once within a year, we treat
it as a non-dropping product-country bundle. Exchange rates between origin country and China are

computed as average real exchange rates at yearly basis.

The results of yearly regressions are presented in Table 7. Extensive margin at firm level is reported
in columns 1-4;'” extensive margin at product-country level is in columns 5-8; and intensive margin
is displayed in columns 9-11. Following a similar approach as in previous analysis, we use both probit
and linear probability regressions to test extensive margin adjustment and linear regressions with

t.!% We find that all responses (e.g., firm entry/exit, product

fixed effects for intensive margin tes
adding/dropping and import value changes) follow the same pattern as in the previous tests. Firms
increase entry or product adding probability and import value under a domestic currency appreciation,
while reduce exit or product dropping probability at the same time. Thus, our model predictions are

also supported by a long-run yearly investigation.

[INSERT TABLE 7]

6.2 Subsample: Ordinary Trade vs. Processing Trade

One of the distinctive features of Chinese trade is that importers often engage in global value chain.
Those importers use imported intermediate inputs for production and then sell products to foreign
partners. A possible trade pattern is that Chinese importers may import raw and auxiliary materials,
parts and components, accessories or materials from abroad, and re-export the finished products after
processing or assembly. Hence, compared with ordinary trade, processing trade firms may respond
differently to exchange rate changes. In this section, we separate all transactions into two categories:
processing trade and ordinary trade. Here we do not distinguish “pure assembling” and “processing
with imported materials” (or input and assembly), and label both types as “processing trade”. In the
test, we re-check responses of intensive and extensive margins to exchange rate fluctuations for both

ordinary trade and process trade transactions.

The results for product-level extensive margin are reported in Table 8. Columns 1-4 present
results for ordinary trade, while columns 5-8 display results for processing trade. The most significant
difference between ordinary trade and processing trade exists in the response of product extensive

margin, i.e., the effect of exchange rate appreciation on product-country churning. In Table 8, for

!"Here we only use the first approach of computing firm-level exchange rates to test yearly responses based on bilateral
real exchange rates between China and partner countries due to the lack of variations in yearly real exchange rates
between USD and RMB.

8For the import price test in Table 7, we use RMB denominated prices based on yearly nominal exchange rates
between USD and RMB from World Bank.
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the long run, the probability of adding imported products decreases for processing trade under RMB
appreciation, which is opposite with a positive coefficient for ordinary trade presented in the left panel.
Intuitively, for processing trade importers, a decreasing marginal benefit of exporting offsets an increase
in marginal benefit of import due to a reduction in importing input costs. In this way, a predicted
positive stimulating effect of currency appreciation for importing certain varieties by ordinary trade
importers is not guaranteed for those who engage in global value chain. Due to the existence of hybrid
firms (defined as firms who involve both processing and ordinary trade simultaneously for different
products), it is more meaningful to test extensive margin difference between processing and ordinary
trade at product-country level than firm level. Nevertheless, we still check extensive margin at firm
level in our test which are presented in Table 9 where we use a weighted firm-level exchange rate
as in the previous tests to evaluate firm entry/exit probability with exchange rate fluctuations. As

expected, the predicted responses for processing trade are weaker and even display opposite pattern.
[INSERT TABLES 8 and 9]

For the intensive margin test (see Table 10), the coefficients of exchange rate are similar for both
ordinary and processing trade in the long run. However, in the short run, unlike ordinary trade,
exchange rate coefficient of processing trade decreases under a currency appreciation. For import
price, we find that import price reduces when RMB appreciates in short run for both types of trade.
In the long run, the magnitude of price decline for processing trade is larger than that of ordinary

trade.
[INSERT TABLE 10]

In summary, compared to ordinary trade, the import responses to exchange rate fluctuations
under processing trade are weaker or even ambiguous. This finding is consistent with our theoretical

prediction in Proposition 4.

7 Further discussions

7.1 Different stages in exchange rate regime switching

Although China’s exchange rate regime reforms and RMB appreciation have occurred since July 2005,
the reforms can be divided into several phases. Before early 2003, China adopted a firmly pegged US

dollar exchange rate policy, and there was no foreseen reform in China’s exchange rate policy.

In early February 2003, in the G7 meeting, Japan proposed a reform in China’s exchange rate policy.
After that point, there was much debate and many discussions about the necessity and feasibility of
exchange rate reform in China. The Chinese government hence faced increasing pressure from western

society to reform its exchange rate policy. For example, in September 2003, during a visit by the
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Secretary of the Treasury of the US to China, a less government-interventionist exchange rate policy
was required as a move toward a free-floating exchange rate regime. In the G7 meeting in 2004, more
countries and global institutions including the IMF started demanding that China adopt a floating
exchange rate policy to replace the previously fixed one. Western countries believed that the RMB had
been severely undervalued, which led to a huge trade surplus for China. Starting in 2003, the foreign
currency market also anticipated an appreciation of the RMB. The forward exchange rate between
the USD and the RMB well reflected the market’s expectation because the forward rate started to
appreciate in late 2003. The president of the China Central Bank at the Boao Forum for Asia in May

2005 also announced that an exchange rate reform would be listed on the agenda.

It was believed that a reform was certainly coming. But there was still uncertainty about when and
how this reform would be enacted: a steady appreciation or an abrupt adjustment? This discussion
lasted until July 2005, when the Chinese government announced that China would follow a managed
floating exchange rate with the RMB pegged against a basket of currencies instead of the US Dollar,
although the basket composition and weight was never revealed. Since then, the RMB has been

steadily appreciating against the USD.!?

Although a reform in the exchange rate regime was announced in July 2005, the change was not a
one-time shock. We can actually divide the period from 2000-2006 into three phases. The first phase
is from 2000 to late 2003, during which there was neither change nor any expectation of a change in
the exchange rate policy. The second phase lasted from Q4 of 2003 to July 2005, when the debate
regarding exchange rate reform was heated and the market expected an appreciation of RMB/USD
in the near future. The last phase started in July 2005, when exchange rate reform was officially
announced. Obviously, with changes in the expectations for subsequent appreciation, firms responded
differently during each phase of the reform. Therefore, we explore the differences in firms’ import
responses under each phase. Three phase dummies are constructed to indicate the three phases of

regime switching during China’s exchange rate reform between 2000 and 2006.

We test the following specification by including the three phase dummies to capture different phases
in China’s exchange rate reform. R; is the set of regime dummies for {R;, Ry, R3}, corresponding to
the three different phases in our sample. Ay, is the import response for firm ¢ importing product h
from country c at time ¢ (including product-country adding/dropping in the extensive margin test and
import value/price in the intensive margin test). Then we interact the real exchange rate fluctuations

with those three dummies to investigate their respective effects on import responses:

Ayinet = Aeet x Ry + Aeer * Ry + Ae * Ry + Fipe + Fy + €inet (28)

We test response at the intensive margin as well as the extensive margins to real exchange rate

9The only exception was during 2008-2010, when the RMB was de facto pegged to the USD. Nevertheless, the other
periods have been dominated by the steady appreciation of the RMB.
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fluctuation under different regimes. Table 11 shows the extensive margins at the “product-country”

level, and Table 12 lists results for the intensive margin.?’

Table 11 displays the extensive margin response to the real exchange rate fluctuations under
different regimes. As in previous tests, we use both probit in columns 1-4 and linear probability
regressions in columns 5-8 to test the probability of adding/dropping products. We find that firms
tend to adjust product-country bundles mostly under regimes 2 and 3, i.e., the expected and confirmed
exchange rate regimes. This pattern clearly holds in the quarterly test, but becomes ambiguous in
the monthly test. These results suggest that under appreciation stages, either expected or confirmed,
favorable exchange rate fluctuations encourage firms to import more varieties or to import from more
countries. This extensive margin adjustment occurs through adding and dropping product-country

bundles within firms.

Table 12 shows the intensive margin response to exchange rate fluctuations under different regimes.
Columns 1-3 show the quarterly response, while columns 4-6 show the monthly response. Columns 1,
3, 4 and 6 are for import values and columns 2 and 5 refer to import price. We present results for both
OECD countries and the US when testing the intensive margin regarding import value. We find that
under regime 1, i.e., the fixed exchange rate regime, the import value responses are the most obvious
among all three regimes in both the long and short run. Import value increases significantly less in
regime 2 and even decreases in regime 3 in the long run. For the import price response, there is little
difference between regimes in the short run, which indicates that in the short run, regime shifts do
not much influence import price adjustments. Again, all import prices are converted into RMB prices
for the import price test. In the long run, the import price reduces most during the first and third
regimes, which are either confirmed fixed or confirmed appreciation stages. For imports from the US,
the import value also responds to the exchange rate most in regime 1. The above finding suggests
that firms are more willing to adjust import value according to real exchange rate fluctuations under
a fixed exchange rate regime. Under such a fixed exchange rate regime without uncertainty, importers
adjust the import value of the imported varieties to respond to exchange rate fluctuations in a more

predictable way.
[INSERT TABLES 11 and 12]

Now we summarize the patterns related to the above results. First, in the short run, firms’
responses to exchange rate changes show a lack of variation between different stages during the reform.
Second, in the long run, firms display significantly different responses at the extensive margin during
different stages of the reform. Continuing importers tend to adjust the “product-country” under both

the expected and the confirmed appreciation stages, which lasted from late 2003 to 2006. Third,

20Because firms’ entry/exit decisions cover longer time intervals (usually lasting years), our regime regression for the
extensive margin at firm level may not accurately capture the different responses under various phases. Thus, we mainly
focus on the intensive margin test and on the extensive margin at product level.
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also in the long run, firms display various responses in the intensive margin under different stages of
reform. Under a fixed exchange rate regime (2000-early 2003), importers behave the most responsively
to exchange rate fluctuations. But in phases 2 and 3, this responsiveness diminished substantially. In
terms of import price, we find little difference under the different stages in the short run; but in the
long run, import price is more likely to adjust in response to exchange rate fluctuations under a fixed
exchange rate regime. Our findings suggest that firms do respond differently to exchange rate shocks

when facing uncertainties about exchange rate regime changes.

7.2 Exchange Rate Pass-through to Import Price

Import price elasticity to the exchange rate, which is also known as the pass-through of the exchange
rate, is one of the most important issues in the literature. In this section, we test the pass-through
of nominal exchange rates between China and OECD countries to product price by using this highly
disaggregate-level data.?! Our product price, computed as a unit value using the total value divided
by the total quantity, is calculated at the HS 6-digit level. Because the import value in the customs
data is denominated in USD, our price (value per unit) has been transferred into RMB using monthly
spot exchange rates of RMB/USD .

Using a rolling window regression similar to that in in Gopinath and Itskhoki (2010), we test
both the short-run (within 3 months) and the long-run (within 12 months) pass-through of exchange
rate fluctuations. Our results are presented in Figure 4(a) and 4(b) for both short-run and long-run
pass-through. In the short run, we notice that the elasticity within three months is quite small, at
approximately 0.12 to 0.22.%2 This suggests that, in the short run (quarterly or monthly), this pass-
through effect is highly incomplete. In the long run (yearly), we find that the elasticity value rises to
approximately 0.50 to 0.75. This suggests that the pass-through of exchange rates to import price has
an accumulative effect, and the elasticity coefficients gradually grow towards a larger value, although

the one-year elasticity is still incomplete in our test.

If we further investigate elasticity value over a longer time interval, we find that both short-run and
long-run pass-through presents a declining pattern over time. This pattern is more obvious in the long
run than in the short run. The pass-through elasticity is reduced from 0.75 in 2000 to approximately
0.5 in 2006. Although pass-through in the short run is volatile, the value still shifts down towards a

smaller value.

Both the incomplete and the declining patterns of pass-through are also found among developed
countries and are documented in Campa and Goldberg (2005) and Marazzi and Sheets (2007). The
former finds incomplete pass-through to import price for major developed countries, while the latter

use a reduced form analysis and find that pass-through elasticity is declining over time for the US.

21Because before 2005, China had adopted a pegged-to-USD exchange rate policy, we drop observations between the
US and China before July 2005 for a constant nominal exchange rate between USD/RMB.
22We also test the import price pass-through within one month; the elasticity is approximately 0.02-0.03.
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Here, we find that those patterns also exist for Chinese imports.

8 Conclusion

In this paper, we use micro-level data to investigate firms’ import responses to real exchange rate
fluctuations, addressing the RMB exchange rate reform. After decomposing the changes in imports,
the extensive margin, classified as both firm entry/exit and product adding/dropping, contributes
to a substantial part of the overall changes in aggregate imports. This suggests that more firms
participate in import activities, and once they start importing, they tend to import more varieties and
more value when domestic currency appreciates. The drastic rise in the number of importers or the
imported product varieties are the main force driving China’s aggregate import value upward during
2000-2006. The predicted pattern is more significant for ordinary trade than for the processing trade.
Those patterns are explained by our heterogeneous-firm trade model, and the empirical investigations
support the model predictions. Also, there is an incomplete pass-through effect on the import price and
a declining pattern for the elasticity of pass-through over time. Moreover, there exist variations among
firms’ responses to exchange rate fluctuations under the transition of exchange rate regimes, namely,
from a fixed exchange rate regime, to an expected appreciation regime and finally to a confirmed

appreciation regime.

A potential direction for future research would be the heterogeneous response of firms to exchange
rate fluctuations, including firm productivity, financial status and ownership. Previous studies of a
similar topic only focus on the export side. For example, Berman, Martin and Mayer (2012) and
Li et al. (2012) find that high-productivity firms have lower pass-through and more price-to-market
behavior in exporting. But the import response is less studied. In addition, other heterogeneous firm

characteristics (e.g., financial status, ownership) may also contribute to explaining the heterogeneity
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in firms’ import responses to exchange rate shocks and incomplete exchange rate pass-through.
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Appendix

A Proof for Proposition 2

To derive Proposition 2, we need the following condition: the slope of marginal benefit (MB) of
increasing imported variety N is smaller than the slope of marginal cost (MC) of increasing imported
variety N. This condition is illustrated in Figure A.1, and it assures that when MB curve shifts upwards

during currency appreciation, the interception point N of MB and MC becomes larger.

To show this condition, we derive the marginal benefit function M B, which is given by the following

equation®’

10Px 0Py

9Py ON °

1 y— - p—
MB(N) = X1 —n)uA]™ P

We first show that when domestic currency appreciates, the marginal benefit curve shifts up-
p—1
, 2\ 5

wards, i.e., dMg;(N) > 0. To see this, using the assumption that Px = <1 + P]\”[1> and Py =

o—
) T o1
f] 1 P = N0 p,,, we have

P\ p 1
MB(N) = A1 — n)pAl—t pgrotrt <1 + P]Q1> Py <0 o 1) N~ oppn,

—pmtp—1+ = -

L
MB(N) = A(1 — n)uA]~ (9_1> N (NT)P Py S

_1
Define = = A(1 — n)uAl " (%) N—% (N%) =T then

OMB(N) HK
— == -mtp—1+—
Oe 1-—

—pntp—2+ GPX 141 —pmtp—1+ = p Ipm
P P P P _
> X e Pm T p—1/) 0Oe

Sincen>1,0<0<1,=Z2>0. Also, 0 < p <1, 0<,u<1,aaif<0andag—;”<0,soaslongas
( pn+p—1+ = p><0 8ML%)>0alvvaysholds

In other words, if p is small enough such that

p(n—1)

B
L+p(n—1)

p<

We will have the marginal benefit function of MB shift up when domestic currency appreciates.

Now we derive the slope of the M B(N) curve. Since 8PM < 0, and 1 > 1, the slope of MB curve

ZFor simplicity, we drop the subscript i for Px and Py in the following equations.
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Figure A.1: Condition of Proposition 2
becomes
OMB(N) 1 0Px w0 OPx (OPy\% .. 10%Py
——=A(1- AT 2 | (— —1)pyhntrmE =2 (2 pgrtpmlZ — 2
Also, we have 5
PM 0 1 1
—— =—-—N"%P
ON 0 M
PPy 0-1/( 1 1
P e = N*g*lP
ON? 0 ( 9> M
By inserting 8{5(}4 and a;ﬁé/f into a]\/[al]gv(N) equation, we have the following
OMB(N) _10Px
——=A1- AT =
N (L =mudi 55"
P —1\? —1/( 1
|98 et (N g pr y poertnet L Y g
0Py 0 6 0

On the other hand, we assume that fixed cost for importing fim,(N) is a convex function of variety

N. For example, a specific form of fi,,(/N) function could be
Jimp(N) = fN7, where v > 1

So the marginal cost of importing an extra variety M C(N) and the slope of the MC(N) curve with

respect to N become

OMC(N)  0f%,(N)
ON  ON?

_ Ofimp(N)

MC(N) = N > 0, and

= fy(y—1)NT?
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We can see that MC(N) is independent of e. So a sufficient condition for Proposition 2 is that

8M£\§N) < mwa%N). In other words, the slope of MC curve should be larger than MB curve. Then with

a domestic currency appreciation, the MB curve shifts upwards and MC curve remains unchanged. The
interception point will rise, as illustrated in Figure A.1. Substituting terms into the above inequality

condition yields

OPx poysu-10Pu [OPx

82
R o | op 8PM) 11]<zmp<>

ON ) ON ON?2

-1
5 (=pn+p—1)Py ( N

With simple simulation, the above condition could be satisfied if the parameter v is a large constant.

Intuitively, because n > 1, —un + p — 1a<2’ 0, and a;](,” < 0, the LHS is an increasing function of
N. On the other side, since v > 1, the fg;gﬁ ) in RHS is also positive and increasing in N (e.g.,

fimp(N) = fN7). Since the slope of the MC(N) curve with respect to N is determined by the
parameter v, as long as 7 is large enough, the slope of the M C(N) curve is higher than that of the
MB(N) curve and the condition in Figure A.1 is satisfied.

B Import Frequency Analysis

In this appendix, we look at frequency of import adjustment, such as how long (in terms of the number
of months) a firm continually imports from abroad, imports the same product from abroad, and how
many times it changes its major imported product. If most firms are continuing importers, we are
more confident when we use monthly data to analyze the short-run import response to exchange rate

movement.

Table B.1 presents the summary statistics of import frequency. Columns 1 and 2 show that within
one year how many months firms import continually. We list percentage of firms by the duration in
their continuous importing. We find that more than 71% of firms import in all twelve months within
a year. In other words, seasonal importing firms who only import for a few months in a specific season

only constitute a small percentage among all importers.
[INSERT TABLE B.1]

In columns 3 and 4 of Table B.1, we report how many months firms consistently import the same
HS4 product within one year. The results show that firms also tend to import the same HS4 product
frequently. This will also alleviate the concern for the short-run analysis of product-level extensive
margin. The mean interval of importing the same product is over 8.86 months, suggesting that most
Chinese importers are importing the same HS4 product for at least three out four quarters within one
year. We also investigate how many times importers change their major product in columns 5 and
6, where major product is defined as the HS4 product with the largest import value within a given

month. The results show that about 21 percent of firms do not change their major product within
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one year, and the majority of importing firms switch major product less than three times in one year.

Table B.1: Summary Statistics of Frequency Analysis: Firm Entry and Product Churning within One year

(1) 2 |

(3)

(4) |

()

(6)

Continuing Firm

Continuing Product

Continuing Major Product

continuing months percentage | continuing months percentage | times of churning percentage
1 1.16 1 4.21 0 20.82
2 1.26 2 4.14 1 20.37
3 1.38 3 4.19 2 17.08
4 1.61 4 4.44 3 13.26
5 1.76 5 4.53 4 9.65
6 2.02 6 4.82 ) 7.05
7 2.26 7 5.10 6 4.97
8 2.64 8 5.53 7 3.24
9 3.27 9 6.26 8 1.99
10 4.34 10 7.45 9 1.04
11 7.17 11 10.59 10 0.41
12 71.14 12 38.75 11 0.13

Notes: In this table we use 2005 as sample year. We also experimented with other years and obtained similar results.
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