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Abstract
This paper examines how China's exports are affected by exchange rate shocks from countries who
supply intermediate inputs to China. We build a simple small open economy model with intermediate
goods trade to show that due to the intraregional trade in intermediate goods, a devaluation of other
Asian currencies does not necessarily damage China's exports, as imported intermediate goods could
become cheaper. This channel through the cost of intermediate goods depends critically on the share
of intermediate goods used in China's export goods production and the degree of exchange rate
pass-through in imported intermediate goods prices. If prices for intermediate goods are not very sticky,
the effect through this channel could be large and China's exports could even benefit. We find the
above findings do not depend on China's choice of currency invoicing between RMB and the US dollar
or the choice between fixed and flexible exchange rate regimes.
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Introduction

While the RMB/US exchange rate experienced limited volatility in recent years, the volatilities between
RMB and other Asian currencies have been very high. The Korean Won, for instance, depreciated against
RMB by 40 percent from August 2008 to February 2009 before reversing the trend afterwards. How would
large movements in emerging Asia's currencies against RMB affect China's exports? This paper tries to
address the question from a theoretical perspective.

The conventional trade models are not capable of answering the question. This is because trade in East
Asia is to a large extent vertically integrated - China's exports contain a substantial amount of inputs
imported mostly from other East Asian economies. This East Asian supply chain is particularly dominant
in electronic products, as illustrated by Koopman, Wang, and Wei (2008). Conventional trade models do
not consider vertically integrated trade. In such models, a devaluation of other countries' currencies would
lead to a loss of competitiveness in China's exports as Korean and Chinese export goods compete in the
world market - a direct channel which is the conventional wisdom. But if China's exports use Korean
inputs, a depreciation of Korean Won could lower production costs for China's exports. If China's exports
contain a lot of imported inputs, this indirect channel could be large and may (partly) offset the direct
channel. In other words, a depreciation of Korean Won could even lead to higher competitiveness for
Chinese exports. Such a channel seems straightforward and has been discussed informally in academia
and among policy makers, but there is no theoretical study on this issue.

This paper sets up a dynamic general equilibrium model with vertical trade structure and studies how
exchange rate shocks from other Asian economies affect China's exports. The main finding is that the
effect depends critically on the share of intermediate goods in China's export and the degree of exchange
rate pass-through in intermediate good prices. Intuitively, consider a company in China who uses
imported LCD monitors from Korea to assemble computers and exports the computers to the US.
Suppose the Korean Won depreciates against RMB and the US dollar by 10 percent, and the RMB/US
exchange rate stays unchanged. If the price for monitors in RMB terms declines substantially due to the
depreciation of Korean Won, (i.e., the degree of exchange rate pass-through is high), the production cost
for the computers would decline, which makes China's computer exports more competitive. On the other
hand, if the price for monitors barely changes in RMB terms, depreciation of Korean Won would have no
effect on the competitiveness of Chinese computers.

We also find the above conclusion holds even if the RMB/US exchange rate is flexible and China's
exports become invoiced in RMB rather than in the US dollar. As long as China's import prices in RMB
terms do not change much in response to changes in the RMB exchange rates, such exchange rate
shocks do not affect the competitiveness of Chinese exports through the cost-cutting channel.
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The above findings are important for the discussion on global imbalance. The appreciation of RMB has
been advocated by many as a solution to the global imbalance, but how much appreciation is needed to
stabilize the trade balance in China? As the import contents in China's exports are high, even a large
appreciation of RMB would not affect exports by much. But will a collective appreciation of RMB and other
Asian currencies be more effective in restoring the global imbalance? The finding in this paper shows the
answer depends on to what extent prices for intermediate inputs China imports are flexible. If these prices
are flexible, China's exports will indeed become less competitive if other Asian currencies appreciate
against RMB. Note that price flexibility is not the same as currency invoicing - even if all intermediate
goods are priced in the US dollar, their values could still change quickly as the exchange rate moves.

How much do we know about the degree of exchange rate pass-through for intermediate good prices?
There is limited research on this issue, but anecdotal evidence suggests that prices could be quite flexible
for intermediate goods in Asia. Prices for many computer parts are available on a daily basis in major
1

technology parks in China, but it is not clear how much they change when exchange rate shocks take
place. Empirical research on this issue warrants more attention.

This paper is related to some previous research on trade in Asia or China. Cook and Devereux (2006)
argue that the practice of setting export goods prices in dollars led to a powerful internal propagation
effect of the Asian crisis within the region, contributing greatly to the decline in regional trade flows. Their
model does not capture the vertical trade structure in East Asia, which is the focus of our paper. Ahmed
(2009) studies the effect of East Asian currency exchange rates on China's exports and finds some mixed
evidence for linkage between the two. Our paper is a theoretical work that shows the linkage could
depend on the price flexibility for intermediate goods.

Our paper is also closely related to some work on intermediate goods trade and monetary policy
(Devereux and Engel, 2007; Shi and Xu, 2007; Huang and Liu, 2006). These papers, however, focus on
the the impact of intermediate goods trade on monetary policy, whereas our paper concentrates on the
export dynamics in a small open economy with intermediate goods trade.

The paper is arranged as follows. Section 2 shows some stylized facts about vertically integrated trade in
East Asia. Section 3 lays out the model. Section 4 discusses the dynamics of the model in response to an
exchange rate shock. Section 5 concludes.

1

Some prices are available at www.zol.com.cn.
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Vertically Integrated Trade in East Asia

A large portion of trade in East Asia is vertically integrated, as China imports intermediate inputs from
other economies in the region, assembles them into final goods, and exports them to overseas markets.
One way to quantify the importance of the vertical trade is to look at the share of processing exports in
2

China's total exports. In 2008, 47 percent of China's exports were classified as processing exports - that
is, they use imported intermediate inputs (Figure 1). The share was above 50 percent in previous years.

How much imported inputs are embedded in the processing exports? The answer is about 56 percent in
2008. The import contents in processing have been declining in recent years as more parts and
components are made in China. Nonetheless, vertical trade is still an important part of China's exports, as
imported intermediate goods account for 26 percent of China's exports.

Imported intermediate inputs for processing trade are mostly from East Asia. The Chinese authorities do
not report how much imports from each country are used as inputs for processing trade. To find out the
sources of processing imports, we rely on a firm level database that covers all import and export
transactions for every firm that operated in China from 2003 to 2005. The details of the database are
discussed in Manova and Zhang (2008). Figure 3 illustrates the breakdown by source countries for
imported inputs in 2005. Japan, Korea, Taiwan, Hong Kong, and ASEAN economies provided 67 percent
of imported inputs, while the US and Euro area only account for 11 percent.

3

The imported inputs for processing trade is concentrated in the sector of electronics and machinery, which
accounts for 57 total of the total. This is consistent with anecdotal evidence that the East Asian supply
chain in electronics business is highly fragmented across countries. It is also consistent with Koopman,
Wang, and Wei (2008) who find that the domestic value added in China's exports of electronic products is
low. According to their estimates, only 8.2 percent of China's exports of electronic computers are actually
made in China.

There is a clear production network in East Asia with China as the assembly point, and inputs coming
mostly from other economies in the region. Intuitively, this type of trade structure indicates that exchange
rate shocks that occur in other East Asian economies could have implications for costs of China's exports.
The next section employs a theoretical model to study this issue.
2

Processing exports are defined as exports that use imported intermediate inputs. The Customs in China classify every import
and export transaction into processing and non-processing categories. Imported intermediate inputs for processing trade
purpose are eligible for import tax rebates.

3

Two issues about Figure 3 warrant some explanation. First, 13 percent of imported inputs are from China herself. This is (at
least partly) because some firms sell their intermediate products to Hong Kong, and these products were imported into China
as inputs for processing trade. Second, the inputs from the US and Euro area could be underestimated. For instance,
computer CPUs from the US could be exported to Taiwan and assembled into a motherboard, which could be exported to
China and assembled into a computer. In our database, the CPUs would be counted as imports from Taiwan instead of the US.
But the size of this estimation bias may not be large.
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Basic Model

We construct a small open economy two-sector model. Two types of goods are produced: non-traded
goods and traded goods. Domestic agents consume non-traded goods and import foreign goods.
Nominal rigidities, in the form of costs of price adjustment for non-traded goods and export goods firms
are considered in the model. Our model also exhibits the following three features: a) intermediate goods
trade, where export firms have to import intermediate goods to produce export goods; b) foreign currency
pricing of export goods, i.e., export goods are priced in foreign currency (we will simply call it dollars in the
later discussion); and c) restricted capital flow, in terms of international bond adjustment cost.

There are three types of domestic agents in the model: consumers, firms, and the monetary authority.
Domestic households determine their consumption, labor supply and how much to borrow or lend on
domestic and international financial markets. Production firms in two sectors hire labor from households,
and sell goods to domestic residents and foreign markets. The monetary policy (or the exchange rate
regime) is represented by a domestic interest rate targeting rule set by the monetary authority.

There are three regions, the domestic economy (A or China), other Asia economy (B or Korea), and the
world market (C or the US). For simplicity, we will not model country B and world market C as we will
focus on the domestic economy instead. We assume the Chinese exchange rate is
price of a US dollar, the Korea exchange rate is
Therefore, we have ܵ ܣ
consider

ܵ  ܣ, which is the RMB

ܵ  ܤ, which is the Korean Won price of a US dollar.

= ܵ  ܤ ܵ ܤܣ, where ܵ  ܤܣis the RMB price of Korean Won. In the model, we will

ܵ  ܤis an external exchange rate shock. The detailed structure of the economy is described

below. Where appropriate, foreign currency C (dollar) prices are indicated with an asterisk.

3.1

Households

The representative household's preference is given by:
1െߩ

λ

 ݐܧ = ܷܧ ߚ
ݐ=ݏ

where

ݏെݐ

1+߰

ݏܥ
ݏܮ

െߟ
൩
1െߩ
1+߰

(3.1)

 ݐܥis an aggregate consumption; ߚ is the discount factor; ߩ is the inverse of the elasticity of

intertemporal substitution; ߟ is a scale parameter for the disutility of the labor supply.
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 ܥ, is defined as = ݐܥ

1
ߙ ߙ (1െߙ)1െߙ

1െߙ ߙ
ݐܰܥ
 ݐܨܥ, where  ܰܥis the aggregate non-

4

traded goods,  ܨܥis the consumption of foreign goods, and ߙ is the share of imported foreign goods in
the total consumption expenditure of domestic households. Given the consumption index, the consumer
price index for domestic households can be derived as
1െߙ ߙ
ܲݐܰܲ = ݐ
ܲݐܨ

(3.2)

where ܲܰ and ܲ ܨare the prices of domestic non-traded goods and imported foreign goods, respectively.
The budget constraints for households are given by

ܲ ݐܥ ݐ+ ܲݐ

߰ܦ
ഥ )2 + (1 + ݅ ݐܦ ݐܵ) כݐെ (1 + ݅ݐܤ) ݐ
(ݐܦ+1 + ܦ
2
= ܹ ݐܮ ݐ+ ܶ ݐ+ ȫ ݐ+ ܵݐܦ ݐ+1 + ݐܤ+1

(3.3)

The households' revenue flow in any period comes from the wage income,
government, profits from both the non-traded sector and the traded sector,

ܹ ݐܮ ݐ, transfers ܶ ݐ, from the

ȫ ݐ, and the new loan from the

domestic market and international capital market. The expenditure incudes consumption, debt
repayments from the last period,

(1 + ݅ ݐܦ ݐܵ) כݐ+ (1 + ݅ ݐܤ) ݐ, as well as portfolio adjustment costs. We

assume that trade in international bonds is subject to portfolio adjustment costs. If the household borrows
an amount, ݐܦ+1 , then the adjustment cost will be
where

߰ܦ
2

ഥ )2 (denominated in the composite good),
(ݐܦ+1 െ ܦ

ഥ is an exogenous steady state level of net foreign debt. In our model, a large ߰ ܦrepresents
ܦ

tightened government restriction on capital flow across the border.

The household chooses how much non-traded and imported consumption goods to consume to minimize
expenditure conditional on total composite demand. Demand for non-traded and imported goods is then

 = ݐܰܥሺ1 െ ߙሻ

ܲݐܥ ݐ
ܲݐܥ ݐ
, ߙ = ݐܨܥ
ܲܰݐ
ܲݐܨ

(3.4)

The household optimality conditions can be characterized by the following conditions:
ߩ

߰ݐܲ ܦ
ݐܵ ܲ ܥ+1
1
ഥ )൨ = ߚ ݐܧቈ ߩ ݐ ݐ
1 െ
(ݐܦ+1 െ ܦ

כ
ܵݐ
1 + ݅ݐ+1
ݐܥ+1 ܲݐ+1 ܵݐ
4

(3.5)

For simplicity, the foreign consumption goods are imported from the US market.
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ߩ

1
ݐܲ ܥ
= ߚ ݐܧቆ ߩ ݐ
ቇ
1 + ݅ݐ+1
ݐܥ+1 ܲݐ+1
߰

ߩ

ܹݐܥ ݐܲ ݐܮߟ = ݐ

(3.6)
(3.7)

Equations (3.5) and (3.6) represent the Euler equation for the foreign and domestic bond holdings.
Equation (3.7) is the labor supply equation. Combining (3.5) and (3.6) gives the interest rate parity
condition for this economy.

3.2

Firms

There are two sectors in this small open economy: the non-traded goods sector and the traded goods
sector. Firms in these two sectors produce differentiated goods and therefore have monopolistic power.
Also, all firms face costs of price adjustments. Non-traded firms produce output using only labor, while
export goods are produced by combining labor and import intermediates.

3.2.1

The Non-Traded Goods Sector

The non-traded sector is monopolistic competitive and contains a unit interval [0,1] of firms indexed by ݆.
Each firm

݆ produces a differentiated non-traded good, which are imperfect substitutes for each other in

the production of composite goods, ܻܰ , produced by a representative competitive firm. Aggregate nontraded output is defined using the Dixit and Stiglitz function
1

ܻܰ( = ݐන ܻܰ)݆( ݐ

ߣെ1
ߣ
ߣ ݆݀)ߣെ1

0

where

(3.8)

ߣ is the elasticity of substitution between differentiated non-traded goods. Given the above

aggregation, the demand for each individual non-traded good, ݆, can be derived as

ܻܰ( = )݆( ݐ

ܲܰ ݐሺ݆ሻ െߣ
) ܻܰݐ
ܲܰݐ

(3.9)

where the price index for composite non-traded goods, ܲܰ ݐ, is given by
1

1

ܲܰ( = ݐන ܲܰ)݆( ݐ1െߣ )1െߣ
0

(3.10)
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Each monopolistically competitive firm has a linear production technology:

ܻܰ ݐሺ݆ሻ =  ݐܰܮሺ݆ሻ

(3.11)

We follow Rotemberg (1982) in assuming that each firm bears a small direct cost of price adjustments. As
a result, firms will only adjust prices gradually in response to changes in demand or marginal cost. Nontraded firms are owned by domestic households. Thus, a firm maximizes its expected profit stream, using
the household's marginal utility as the discount factor. We may define the objective function of the nontraded firm, ݆, as:
λ

 ݐܧ ߚ ݈ Ȟݐ+݈ ቈܲܰݐ+݈ (݆)ܻܰݐ+݈ (݆) െ ݐܰܥܯ+݈ ܻܰݐ+݈ (݆) െ
݈=0

߰ܲܰ
ܲܰݐ+݈ ሺ݆ሻ െ ܲܰݐ+݈െ1 ሺ݆ሻ 2
ܲݐ+݈ (
) 
2
ܲܰݐ+݈െ1 ሺ݆ሻ
(3.12)

where Ȟݐ+݈

=ܲ

1
ߪ
ݐ+݈ ݐܥ+݈

is the marginal utility of wealth for a representative household, and

ݐܹ = ݐܰܥܯ

represents the marginal cost for non-traded firm ݆, and the third term inside parentheses describes the
cost of price adjustment incurred by firm ݆.

Since all non-traded goods firms face the same downward-sloping demand function and price adjustment
cost and they have the same production technology, we may write the optimal price-setting equation in a
symmetric manner as:

5

ܲܰ= ݐ

߰ܲܰ ܲݐܰܲ ݐ
ߣ
ܲܰݐ
 ݐܰܥܯെ
൬
െ 1൰ +
ߣെ1
ߣ െ 1 ܻܰݐܰܲ ݐെ1 ܲܰݐെ1
߰ܲܰ
Ȟݐ+1 ܲݐ+1 ܲܰݐ+1 ܲܰݐ+1
 ݐܧߚ
൬
െ 1൰൨
ߣെ1
Ȟݐܰܲ ݐܻܰ ݐ
ܲܰݐ

(3.13)

When the parameter ߰ܲܰ is zero, firms simply set prices as a markup over the marginal cost. In general,
however, the non-traded goods price follows a dynamic adjustment process.

5

This Rotemberg-type pricing is equivalent to the standard Calvo-type pricing, as we can choose the value of ߰ܲܰ to match the
dynamic of price under Calvo pricing.
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The Traded Goods Sector

It is assumed that there is a unit interval [0,1] of firms indexed by ݅ in the traded goods sector. They solve
a maximization problem similar to that of firms in the non-traded goods sector. Each firm, ݅ , in this sector
sells a differentiated export good and the aggregate traded good is given by
1

ܻܶ( = ݐන ܻܶ)݅( ݐ

ߣെ1
ߣ
ߣ ݀݅)ߣെ1

(3.14)

0

Export firms, however, face the world market and use different production technologies. Each
monopolistically competitive firm

݅ imports intermediate goods to produce a differentiated good, and re-

exports their output to the world market. Thus, there exists the so-FDOOHG³vertical trade´ in this small open
economy. The production function of the export firm, ݅ , is given as follows

ܻܶ= )݅( ݐ

1
ߠെ1
ߠ
[ߙܶ ߠ )݅( ݐܶܮ

1

+ (1 െ ߙܶ )ߠ )݅( ݐܯܫ

where ߙ ܶ is the share of labor in the traded goods firms' production,

ߠെ1 ߠ
ߠ ]ߠെ1

(3.15)

ߠ > 0 is the elasticity of substitution

between local labor and import intermediate. Then, the marginal cost,

 ݐܶܥܯ, is given by
1

ݐܹ ܶߙ[ = ݐܶܥܯ1െߠ + (1 െ ߙܶ )(ܲ݉ )1െߠ ]1െߠ

(3.16)

where ܲ݉ is the domestic price of intermediate goods and will be set by intermediate goods firms from
country B.

Since the traded goods sector is monopolistically competitive, each traded firm, ݅ , sets prices in a way
similar to the non-traded goods firms, but the export prices are set in terms of the US dollar. So the firm's
profit maximization problem is given by:
λ
כ
 ݐܧ ߚ ݈ Ȟݐ+݈ ቈܵݐܨܶܲ ݐ
+݈ (݅)ܻܶݐܨ+݈ (݅) െ ݐܶܥܯ+݈ ܻܶݐܨ+݈ (݅) െ
݈=0

כ
כ
߰ܲܶ
ܲܶݐܨ
+݈ ሺ݅ሻ െ ܲܶ ݐܨ+݈െ1 ሺ݅ሻ 2
ܲݐ+݈ (
) 
כ
2
ܲܶݐܨ
+݈െ1 ሺ݅ሻ

(3.17)
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כ
ܲܶݐܨ
(݅) െߣ
) ܻܶ ݐ, where
כ
ܲܶݐ

כ
ܲܶݐܨ+݈
(݅) and ܻܶݐܨ+݈ (݅) represent the dollar price and the

output of traded goods firm, ݅ , which sets its price in dollars. ܻܶ ݐrepresents the aggregate output of
domestically produced traded goods, which is given by
כ
ܻܶݐܶܲ = ݐ

For simplicity, we assume ܲܽݐܽ݅ݏ

െߤ ܽ

ߤ

ܾ
ܲܽݐܽ݅ݏ
ܺݐ

(3.18)

= (ܾܵ) ݐെ߱ , where ߱ < 1 measures the sensitivity of aggregate Asian

exports to the change of currency B. The price elasticity of Chinese goods in the world market is ߤܽ
while the elasticity of substitution between Chinese traded goods and other Asian goods is
Finally, ܺ ݐis the foreign demand shock.

> 0,

ߤܾ > 0 .

6

כ
as:
Imposing symmetry, we may get the optimal price setting equation for ܲܶݐܨ

כ
ܲܶݐܨ
=

߰ܲܶ 1 ܲݐܨܶܲ ݐ
ߣ ݐܶܥܯ
ܲܶݐܨ
െ
൬
െ 1൰ +
ߣ െ 1 ܵ ݐܨܶܲ ݐܨܻܶ ݐെ1 ܲܶ ݐܨെ1
ߣ െ 1 ܵݐ
ߩ
߰ܲܶ
1 ݐܲ ݐܲ ݐܥ+1 ܲܶ ݐܨ+1 ܲܶݐܨ+1
 ݐܧቈߚ
൬
െ 1൰
ߩ
ߣെ1
ܲܶݐܨ
ܵݐܥ ݐ+1
ܲݐ+1 ܻܶݐܨܶܲ ݐܨ

where ܻܶݐܨ
3.3

(3.19)

= ܻܶ ݐin a symmetrical equilibrium.

Prices of Imported Consumption Goods and Intermediate Goods

To determine the domestic prices of imported consumption and intermediate goods, we will allow for the
possibility that there is some delay between movements in the exchange rate and the adjustment of
imported consumption and intermediate goods prices. Without loss of generality, we assume that the
domestic prices are adjusted in the same manner as prices in the non-traded goods sector. That is, in the
face of exchange rates changes, foreign export firms which adjust the local currency (RMB) price of their
goods, are subject to a price adjustment cost of a similar form to that of the domestic non-traded goods
firms. Therefore, these price adjustment costs will determine the degree of exchange rate pass-through to
imported consumption prices and intermediate inputs prices. Finally, it is assumed that the intermediate
goods are also differentiated with elasticity of substitution, ߣ, across varieties.

Thus, the problem of a foreign (Korean) intermediate goods firm that sets intermediate goods prices may
be described as follows
6

כ
Without loss of generality, let ܲܶݐ
and ܲ  כbe denominated in dollars.
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߰ܲ )݅( ݐܯܲ ܯെ ܲ ݐܯെ1 (݅) 2
ܲ)݅( ݐܯ
כ
] ቋ
 ܤܣെ ܹ )݅( ݐܯܫ) ݐെ 2 [
ܲ ݐܯെ1 (݅)
ܵݐ

ܹ כݐcan be considered as the marginal cost of imported inputs in terms of foreign currency,

( = )݅( ݐܯܫ

ܲ )݅( ݐܯെߣ
)  ݐܯܫis the demand for import intermediate goods, ݅ , and  ݐܯܫis the total demand for
ܲݐܯ

import intermediates of the domestic country. For simplicity, we assume that the foreign currency price of
כ
inputs is ܲݐܯ

ߣ

= ߣെ1 ܹ כݐ. Thus, the imported input price faced by domestic traded firms is given by

כ
ܲݐܯܲ ܤܣݐܵ = ݐܯ
െ

߰ܲ ܯ1 ܲݐܯ
ܲݐܯ
൬
െ 1൰ +
ߣ െ 1  ݐܯܲ ݐܯܫെ1 ܲ ݐܯെ1

߰ܲܯ
1 ܲ ݐܯ+1 ܲ ݐܯ+1
 ݐܧߚ
൬
െ 1൰൨
ߣെ1
ܲݐܯ
ݐܯܲ ݐܯܫ

(3.20)

The interpretation of (3.20) is that the foreign firm wishes to achieve an identical price in the domestic
market as in the Chinese market. But it incurs quadratic price adjustment costs, and unless

߰ܲ = ܯ0, it

will move its price only gradually towards the desired price. The higher these adjustment costs, the lower
the degree of exchange rate pass-through into domestic imported intermediate goods prices.

Given the assumption that the consumption of import goods is also differentiated with elasticity of
substitution,

ߣ , across varieties, we can derive the domestic price of imported consumption goods

similarly:

כ
ܲݐܨܲܵ = ݐܨ
െ

߰ܲ ܨ1 ܲݐܨ
ܲݐܨ
൬
െ 1൰ +
ߣ െ 1 ܶݐܨܲ ݐܯെ1 ܲݐܨെ1

߰ܲܨ
1 ܲݐܨ+1 ܲݐܨ+1
 ݐܧߚ
൬
െ 1൰൨
ܶݐܨܲ ݐܯ
ߣെ1
ܲݐܨ
כ
where ܲݐܨ
is the world price of foreign consumption goods, and

(3.21)

ܶ ݐܯis the demand for the foreign

consumption goods. Similarly, the parameter ߰ܲ ܨdetermines the degree of exchange rate pass-through
to imported consumption goods prices.
כ
כ
In our model, for simplicity, we assume that ܲݐܯ
and ܲݐܨ
are constant over time and are normalized as

unity.
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Monetary Policy Rules

The monetary authority uses a short-term domestic interest rate as its monetary instrument. The general
form of the interest rate rule may be written as

1 + ݅ݐ+1

ܲܰ ݐ1 ߤ ߨ ݊ ܵܵ ߤ ݐ
=൬
൰
൬ ൰ ൫1 + ݅൯
ܲܰݐെ1 ߨത݊
ܵҧ

(3.22)

The parameter ߤߨ ݊ allows the monetary authority to control the inflation rate in the non-traded goods
sector around a target rate of

ߨത݊ . ߤܵ controls the degree to which the monetary authority attempts to

control variations in the exchange rate, around a target level of

ܵҧ. The general form of the interest rule

(3.22) allows for two types of monetary policy stances. The first rule is one whereby the monetary
authority targets the inflation rate of non-traded goods (NTP rule), so that ߤߨ ܰ

՜ λ. This is analogous to

a domestic inflation targeting rule. The exchange rate is flexible under such a rule, so this rule implies a
flexible exchange rate regime. The second rule we analyze is a simple fixed exchange rate rule (FER rule)
by setting ߤݏ

՜ λ, whereby the monetary authority adjusts interest rates to keep the nominal exchange

rate fixed at the target level of ܵҧ.

7

3.5

External Exchange Rate Shocks

In the economy, the only uncertainty the small open economy faces is the exchange rate changes of
currency B, which follows

݈݃ሺܾܵ ݐ+1 ሻ = ߩ݈݃ ݏሺܾܵ ݐሻ + ߝݐ
where 0
3.6

(3.23)

< ߩ < ݏ1 and ߝ ݐis an i.i.d. shock.

Equilibrium

In equilibrium, besides the optimality conditions for firms and households, we have the following labor
market, goods market, and bonds market clearing conditions:

8

 ݐܰܮ+ ݐܮ = ݐܶܮ

(3.24)

7

In a numerical exercise, we set ߤߨ ܰ = 900 and ߤ = ݏ900 for the NTP rule and the FER rule, respectively. In each case, we set
the policy so that the equilibrium is determinate.

8

The details of the equilibrium conditions are given in the technical appendix.
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)െߠ ܻܶ ݐ. The non-traded goods market clearing condition is given by

ܻܰ = ݐሺ1 െ ߙሻ

ܲݐܼ ݐ
ܲܰݐ

(3.25)

where ܼ ݐis the aggregate expenditure, which includes consumption, the international bond adjustment
cost, and the price adjustment cost for traded and non-traded firms.
כ
1
ܲܰݐ
1
ܲܶݐܨ
1
ഥ )2
ܼ ݐܥ = ݐ+ ߰( ܰ 
െ 1)2 + ߰כ ( ܶ 
െ 1)2 + ߰ݐܦ( ܦ+1 െ ܦ
ܲܰݐെ1
ܲܶݐܨെ1
2
2
2

In the traded goods market, we have ܻܶݐ

כ
= ܲܶݐ

െߤ ܽ

(3.26)

ߤ

ܾ
ܲܽܽ݅ݏ
ܺ ݐ, which implies that the aggregate output in

the traded goods sector is determined by the foreign demand, ܺ ݐ, and both prices of the Chinese export
goods and other Asian goods.

In a symmetric equilibrium, the representative household's domestic bond holding is

 = ݐܤ0. Therefore,

using equation (3.26), we can rewrite the household's budget constraint as
כ
ܵݐܶܲ ݐ
ܻܶ ݐെ ߙܲ ݐܼ ݐെ ܲ݉  ݐܯܫ+ ܵݐܦ ݐ+1 െ ሺ1 + ݅ כݐሻܵ = ݐܦ ݐ0

(3.27)

This is a balance of payment condition, where trade surplus will be affected by imports for both
consumption goods, ߙܲ ݐܼ ݐ, and intermediate inputs, ܵ ݐܯܫ ݉ܲ ݐ.

4.

The Export Dynamics

4.1

Calibration

The parameters that need to be calibrated in our model are listed in Table 1. The coefficient of risk
aversion, ߩ, is set to 2 as is commonly assumed in the literature. The discount factor,

ߚ , is calibrated at

0.99, so that the steady state annual real interest rate is 4 percent. The elasticity of labor supply,
to unity. The elasticity of substitution across individual export goods
steady state markup of 10 percent. We set ߤܽ

1
߰

, is set

ߣ is chosen to be 11, which implies a

= ߤܾ = 1 so that the elasticity of exports to own export

price and Asian aggregate price are both unitary.

߱ is set to 0.15, which approximately equals to the
12
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ߙܶ = 0.3, so that the share of labor in

the production of trade goods is close to the estimation cited in the literature.

9

ߙ is set to 0.4, which

implies that the share of non-traded goods in the consumer price index equals 0.6.

To determine the degree of nominal rigidity in the model, we set the parameters governing the cost of
price adjustment in the non-traded goods sector and the traded goods sector as

߶ܲܰ = 4 and ߶ܲܶ = 4,
10

respectively, which give us an implied Calvo price adjustment probability of approximately 0.75. This is
consistent with the standard estimates used in the literature that prices usually adjust on average after
four quarters. Regarding the parameter related to the bond adjustment cost, we set
much larger than the value (߶ܦ

߶ = ܦ0.1, this is

= 0.0007) used by Schmitt-Grohe and Uribe (2003), as we want to use

the parameter to model the capital immobility in China. The elasticity of substitution between local labor
and imported intermediate inputs in the traded goods sector ( ߠ ) is set to 0.99, which is close to a unitary
input substitution.

For the stochastic process of external exchange rate, we assume ߩݏ

= 0.5 and ߪߝ = 0.1, which implies

that the shock is a 10 percent change and lasts for about one year.

4.2

Dynamics

In this subsection, we analyze the response of the economy to a foreign exchange rate shock ܾܵ ݐunder
both fixed exchange rates and flexible exchange rates. The discussion focuses on consumption,
employment, sectoral output, and some nominal variables such as prices of export goods and imported
intermediate goods, and nominal exchange rates.

The effect of the depreciation of Korean Won on China is very much different depending on the degree of
vertical trade integration between China and Korea. The more import contents are in China's exports, the
more the exporters benefit from depreciation of the Korean Won, if prices for intermediate goods are
flexible. To illustrate this point, we report the impulse response of various economic variables to an
exchange rate shock under three scenarios. Under all three scenarios, we assume that the Korean Won
depreciates against the US dollar and RMB by 10 percent, and the RMB/US exchange rate remains
constant. We also assume the prices for intermediate goods are not very sticky, which means the

9

Our model currently does not include domestically produced non-labor inputs and the intermediate goods inputs imported from
countries whose currencies do not experience devaluation, both of which might lead to an over-estimation of the cost effect
when the model is applied in empirical studies. However, our focus here is to provide a theoretic framework to help
understand what is important for the China's export dynamics. It is easy to extend the model to incoporate these features. For
example, the ³labor´ in our model can be interpreted as all domestical inputs other than imported inputs. In the simulation
exercise, we experiment with different share of imported intermediate goods in China's exports to see how it affects the results.

10

That is, if the model is interpreted as being governed by the dynamics of the standard Calvo price adjustment process, firms in
the non-traded sector will adjust prices on average after four quarters.
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exchange rate pass-through from an exchange rate shock to intermediate good prices is large. In the first
scenario, we assume that imported intermediate goods account for 20 percent of China's total exports. In
the second scenario, the ratio rises to 70 percent. In the third scenario, the ratio rises further to 100
percent. The results are shown in Figures 5, 6, and 7.

The impulse response functions show that the share of intermediate goods in the export goods production
is crucial in determining how the final goods exports responds to an external exchange rate shock. When
imported intermediate goods account for 20 percent of exports (Figure 5), China's exports dropped
slightly following the exchange rate shock. As the share of imported intermediate goods in China's exports
rises, the effect of the exchange rate shock on China's exports changes direction. In the extreme case
that ߙ ܶ

= 0, the intermediate goods share is 100 percent, and China's exports can climb up to nearly 4

percent initially when the other currency depreciates 10 percent, as shown in Figure 7.

The above findings hold when the home country is under the flexible exchange regime, though the effect
of the exchange rate shock on China's exports becomes smaller. We estimate the three scenarios again
with a flexible exchange rate regime in China. The results are shown in Figures 8, 9, and 10. Take the
extreme case (the intermediate goods share in the final goods production is 100 percent) as an example,
when China follows a fixed exchange rate regime, China's exports rise by 4 percent following the Korean
Won depreciation (Figure 7). When China follows a flexible exchange rate regime, China's exports rise by
less than 3 percent (Figure 10). The reason behind the difference is intuitive. As the RMB exchange rate
becomes flexible, RMB depreciates against the US dollar which partly offset the gains from the
depreciation of Korean Won (Figure 10).

The findings so far depend on a critical assumption -- prices for intermediate goods are not very sticky so
that exchange rate pass-through is large. What happens if prices for intermediate goods are sticky? We
also report impulse response functions for the extreme case scenario (the intermediate goods share in
the final goods production is 100 percent), and introduce price stickiness to intermediate goods. The
value of parameter ߰ ܯ shows how fast the intermediate goods price is adjusted to the exchange rate
shock. A higher value of

߰ܲ ܯimplies slower price adjustment. We set ߰ܲ = ܯ50 instead of 4 in this case.

The results are shown in Figure 11. Comparing Figure 7 and Figure 11, the only difference in assumption
is intermediate good flexibility, and the responses of exports to Korean Won depreciation are quite
different. When prices are more sticky, China's exports dropped initially after the exchange rate shock.
The impulse responses in Figure 11 look very similar to those in Figure 5 when trade is not vertically
integrated. This finding is intuitive as price stickiness essentially shut down the price transmission channel
through intermediate goods. Therefore China's exports can not benefit from a depreciation of Korean Won.
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Effects of RMB Internationalization

The Chinese authorities have been actively promoting RMB internationalization and RMB trade invoicing.
What happens if China's trade is priced in RMB instead of the US dollar? We find that our findings in the
previous section do not change when exports are priced in RMB and China follows a fixed exchange rate
regime. To illustrate this point, we estimate the impulse responses under the extreme scenario in the
previous section, and change the currency invoicing of China's exports from the US dollar to RMB.
Therefore, the export price would be ܲܶ ܦin the Technical Appendix. Under a fixed exchange rate regime,
the currency invoicing does not matter for our exercise. This is not surprising because effectively RMB
pricing and US dollar pricing would be equivalent in terms of transmission of shocks in this model if the
two are pegged.

Does the exchange rate regime make a difference in our exercise? From Figure 12, 13, and 14, we find
that the difference is marginal. Under the extreme case scenario where China relies fully on imported
intermediate goods to produce the final goods, when the RMB/US exchange rate is flexible, the
depreciation of Korean Won will cause China's exports to increase by 4 percent when all the goods are
priced in RMB, which is slightly higher than the 3 percent increment when priced in US Dollar, as shown
in Figure 10. The consumption drops less than it does in the case of US dollar pricing (0.7 percent v.s. 1
percent in Figure 10).

5.

Conclusion

This paper studies how China's exports respond to exchange rate shocks from its intermediate goods
suppliers' currencies. We find a depreciation of suppliers' currencies could improve the competitiveness in
China's exports by reducing input costs when prices for intermediate goods are flexible. The more
imported contents are in China's total exports, the stronger this channel becomes. The choices of
exchange rate regimes and currency invoicing do not change this finding. The findings in this paper
indicate that future research on how flexible intermediate good prices are would be promising. Without
understanding this issue, we can not make conclusive statements on how exchange rates affect trade in
East Asia, and how the global imbalance can be resolved by exchange rate adjustments. It will also shed
light on how the RMB internationalization affects the trade dynamics in East Asia.

A devaluation of a third country's currency should have more than the direct competitiveness effect and
indirect cost effect on the exports. For instance, the depreciation of Korea Won would also reduce Korea
households and firms' demand for China exports. Since Korea is a relatively small counterpart, this
channel might not be very important in the story. However, if we consider all the other Asian countries as
a whole, the effect could be huge. As we witnessed in the 1997 Asian Crisis, the huge reduction in Asian
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regional demand caused by large currency devaluation did hit China's export industry. We will leave this
dimension for future research.
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Table 1. Calibration Parameters
Parameters

value

Parameters

value

Parameters

value

ߩ

2

ߚ

0.99

ߙ

0.4

ߣ

11

ߙܶ

0.3

ߤܽ

1

߰

1

߶ܦ

0.1

ߤܾ

1

ߪߝ

0.1

ߠ

0.99

߱

0.15

߶ܲ ܰ

4

߶ܲܶ

4

ߩݏ

0.5
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Figure 1. Processing and Non-Processing Exports from China

Figure 2. Imported Contents in Processing Exports

Figure 3. 6RXUFHVIRU,PSRUWHG,QSXWVLQ&KLQD¶V3URFHVVLQJ7UDGH
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Figure 4. Imported Inputs by Products, 2005

Figure 5. The IRF with Low Intermediate Goods Share under Fixed Ex

20

Hong Kong Institute for Monetary Research

Working Paper No.10/2010

Figure 6. The IRF with Middle Intermediate Goods Share under Fixed Ex

Figure 7. The IRF with High Intermediate Goods Share under Fixed Ex
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Figure 8. The IRF with Low Intermediate Goods Share under Flexible Ex

Figure 9. The IRF with Middle Intermediate Goods Share under Flexible Ex
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Figure 10. The IRF with High Intermediate Goods Share under Flexible Ex

Figure 11. The IRF with High Intermediate Goods Share under Fixed Ex with More Sticky
Intermediate Goods Price

23

Hong Kong Institute for Monetary Research

Working Paper No.10/2010

Figure 12. The IRF with Low Intermediate Goods Share under Flexible Ex and RMB Pricing

Figure 13. The IRF with Middle Intermediate Goods Share under Flexible Ex and RMB Pricing
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Figure 14. The IRF with High Intermediate Goods Share under Flexible Ex and RMB Pricing
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