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Abstract 
 
We examine Chinese-US trade flows over the 1994-2012 period, and find that, in line with 

the conventional wisdom, the value of China’s exports to the US responds negatively to 

real renminbi (RMB) appreciation, while import responds positively. Further, the com-

bined empirical price effects on exports and imports imply an increase in the real value of 

the RMB will reduce China’s trade balance. The use of alternative exchange rate measures 

and data on different trade classifications yields additional insights. Firms more subject to 

market forces exhibit greater price sensitivity. The price elasticity is larger for ordinary ex-

ports than for processing exports. Finally, accounting for endogeneity and measurement 

error matters. Hence, the purging the real exchange rate of the portion responding to poli-

cy, or using the deviation of the real exchange rate from the equilibrium level yields a 

stronger measured effect than when using the unadjusted bilateral exchange rate. 
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1 Introduction 
 
In spite of the recent diminishment of China’s current account surplus, from heights of 

10.1% of its GDP in 2007 to 2.1% in 2013, the controversy surrounding China’s exports 

and its exchange rate policy has not enitrely disappeared. In the April 2014 Report to the 

Congress on International Economic and Exchange Rate Policies, the US Treasury main-

tained the view that the Chinese currency, the renminbi (RMB), remains significantly un-

dervalued and the progress on rebalancing the global economy remains inadequate. Yet 

other scholars characterize China’s exports to the US as an outlier (Thorbecke, 2014).  

The challenges of dissecting China’s trade behavior are well known; see, for ex-

ample, Ahmed (2009), Aziz and Li (2008), Cheung, Chinn and Fujii (2010), Cheung, 

Chinn and Qian (2012),  Kwack et al. (2007), Mann and Plück (2007), Marquez and 

Schindler (2007), and Thorbecke and Smith (2010). Many analysts have had tremendous 

difficulty in pinning down the responsiveness of Chinese trade flows to exchange rates and 

levels of economic activity. In some cases, the price elasticity estimate has the wrong sign. 

The absence of a consensus regarding the price elasticity certainly does not help settle the 

debate regarding the design of policies to eliminate global imbalances. 

Formal statistical analyses have to deal with a few obstacles in analyzing Chinese 

trade. Some of these obstacles are the dynamism of the Chinese economy, the paucity of 

price deflators, and the unique Chinese policy measures. All these factors contribute to the 

findings of unconventional price elasticity estimates. Over time, researchers have realized 

the importance of incorporating the China-specific elements in studying China’s exports 

and imports.  

In the current study, we focus on the China-US trade and examine it from several 

different perspectives. In doing so, we hope our results will convey the complex nature of 

China’s trade and provide plausible estimates useful for policy discussion. The major in-

novations in our study involve the analysis of disaggregated data, the use of alternative 

measures of the real exchange rate, and a more appropriate estimation method able to ac-

count for nonstationarity. 

On the first point, in addition to aggregate trade, we examine disaggregated trade 

flows, classified along different dimensions. The main classifications are (i) processing and 

ordinary trade, (ii) manufactured and primary products, and (iii) trade activities of state 

owned enterprises, foreign invested enterprises, and private enterprises. 
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On the second point, we rely upon alternative measures of the exchange rate in 

order to assess the price elasticity of trade flows. We conjecture that the difficulty in meas-

uring the real RMB exchange rate effect on trade may be due to the inappropriate choice of 

the exchange rate variable. The use of different exchange rate variables could shed some 

light on the role of exchange rate variable. In our empirical exercise, we consider three real 

bilateral exchange rate variables; the first one is the commonly used consumer-price-index-

based real exchange rate, the second one is derived from a two-step procedure to alleviate 

possible endogeneity, and the last one is the estimated deviation from the equilibrium rate1. 

On the third point, the estimation technique, we adopt a procedure that allows the 

data to possess different levels of stationarity. It is notoriously difficult to determine the 

stationarity property of macroeconomic data. Dealing with this issue is critical for obtain-

ing accurate inferences. We use the Pesaran, Shin and Smith (2001) framework that can 

accommodate the possibility that the data comprise both I(1) and I(0) series.  

Finally, we augment the typical set of determinants with China-specific factors, in 

order to account for China’s special circumstances. 

To anticipate our findings, we find that, in line with the conventional wisdom, the 

value of China’s exports to the US is adversely affected by the strength of its currency. The 

exchange rate effect on the Chinese imports from the US is also consistent with the general 

notion that imports increase with the RMB value, even though the evidence is slightly 

weaker than those from the exports data. Further, the combined empirical price effects on 

exports and imports imply an increase in the real value of the RMB will reduce China’s 

trade balance. 

The use of alternative exchange rate measures and data on different trade classifi-

cations yields additional insights. Firms more subject to market forces exhibit greater price 

sensitivity. The price elasticity is larger for ordinary exports than for processing exports,  

Finally, accounting for endogeneity and measurement error matters. Hence, the 

purging the real exchange rate of the portion responding to policy, or using the deviation of 

the real exchange rate from the equilibrium level yields a stronger measured effect than 

when using the unadjusted bilateral exchange rate. 

 

1 In addition, we tried three other measures for the RMB real exchange rate - the value added REER (Bems 
and Johnson, 2012), the REER incorporated Chinese Agriculture productivity (Deckle and Ungor, 2013), and 
the integrated REER (Thorbeck, 2013). The results are not reported in the paper, but available from authors 
upon request.     
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2  Background 
 
Figure 1 presents the evolution of China’s overall trade balance, the China-US bilateral 

trade balance, and the Chinese-US bilateral real exchange rate. A few observations are in 

order. First, China’s trade account was rough in balance before 2004. Second, China’s 

trade surplus reached the high of 186 billion US$ in 2007, a period that is coincided with 

the intense debate regarding the pace of RMB valuation. Since then China’s trade balance 

has shrunken. Third, China’s trade surplus against the US is, pattern-wise, similar to its 

overall surplus. Fourth, the real appreciation of the RMB does not appear to rein in China’s 

trade surplus. 

Figure 2 presents the China-US bilateral trade as a share of their aggregate trade 

statistics. When expressed as a share of China’s total exports, China’s exports to the US 

hover around the 20% mark – it is above 20% between 1998 and 2007 and is below in oth-

er periods. The ratio of China’s import from the US to China’s total imports is declining 

during the sample period; it drifts gradually from above to below 10%. 

On the other hand, China’s exports to the US account for an increasing share of 

the US total imports. That is, a larger proportion of imports into the US is coming from 

China. Similarly, the US exports to China (that is, China’s imports from the US) relative to 

the US total exports is increasing over time. Nevertheless, the increase in China’s exports 

to the US is faster than the US exports to China. Apparently, from China’s point of view, 

the trade with the US is quite stable to declining a bit. For the US, the trade with China is 

gaining importance in its overall trade activity. 

Figures 3, 4, and 5 show the pattern of China’s exports to the US when disaggre-

gating trade along three different classifications - processing and ordinary trade, manufac-

tured and primary products, and  trade activities of state owned enterprises, foreign invest-

ed enterprises, and private enterprises, respectively. Processing exports account for aver-

agely about 2/3 of total China’s exports to the US during 2001-2012.2 Ordinary exports has 

gradually gained 10% more share since 2004 (Figure 3). Majority of China’s exports to the 

US are manufactured products, booked for about 90% and increasing (Figure 4).  

2 Processing exports are exports that comprise imported raw and intermediate components. These compo-
nents are imported into China by authorized enterprises with preferential tax treatments and for producing 
products for exports.  
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Echoing the privatization process in China, Chinese exports to the US handled by 

state owned enterprises and private enterprises displayed a quite contrasting path. State 

owned enterprises have consistently given up the ground to private enterprises which 

raised the total exports share from 4% in 2001 to about 30% in 2012. Foreign investment 

enterprises remained to be the major exporter in China that export about 60% of total Chi-

nese exports to the US in the last decade (Figure 5).3           

 
 

3  Exports: Empirical results 
 
To begin, we first focus on China’s exports to the US. Specifically, China’s export behav-

ior is assessed using the specification  

 
* *

0 1 2 3 4t t t t t tex y r r z uθ θ θ θ θ= + + + + + , (1) 

 
where ext is China’s real exports to the US. The canonical output and price effects are cap-

tured by the US real GDP variable *
ty  and a measure of the real dollar-Renminbi exchange 

rate tr . The so-called third-country price effect is assessed using the variable *
tr , which is 

the real effective exchange rate of the US dollar against the ASEAN-5 economies; namely 

Indonesia, Malaysia, Philippines, Singapore, and Thailand.4 Processing imports are im-

ported to facilitate the production of finished products in China for (re-)exporting. China’s 

real processing imports variable zt is included to account for the fact that Chinese exports 

incorporate imported inputs, and many of those imported inputs are classified as pro-

cessing imports. In line with standard practice, variables are entered in log terms. See Ap-

pendix A for sources and definitions of these variables and other data used in the empirical 

exercise.  

 

 

 

3 In this study, the once popular township and village enterprises, also known as collective or alliance enter-
prises are grouped under the heading of private enterprises. Strictly, the term “township and village enterpris-
es” does not mean that these enterprises are owned by towns and villages. They are typically located in towns 
and villages, sponsored by townships and villages, and owned by private entities. Exports by these enterpris-
es are quite small and declining over time. 
4 Eichengreen et al. (2007), Gaulier et al. (2006) and Thorbecke (2006), for example, report evidence on 
China is competing with ASEAN economies in exports markets; especially in labor-intensive products. 
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3.1  The Pesaran, Shin and Smith procedure 
 

Estimation of the exports equation (1) is complicated by requirement in standard econo-

metric procedures that the variables have the same order of integration. The unit root test 

results (reported in Appendix B) indicate that the variables under consideration evidence 

different orders of integration; some are I(1) and some are I(0) variables. In order to make 

appropriate inferences, we adopt a flexible procedure proposed by Pesaran, Shin and Smith 

(2001) that allows the variables to have different orders of integration.   

In the current context, this procedure tests the dependence between exports and 

the other variables based on the following autoregressive distributed lag model of order 

(p,q) 

 
1* * ,

0 1 1 2 1 3 1 4 1 5 1 0 1
p q

t t t t t t j t j j t j tj jex ex y r r z X exβ β β β β β ϕ ω ε−
− − − − − − −= =∆ = + + + + + + ∆ + ∆ +∑ ∑ , (2) 

 
where * *( , , , )t t t t tX y r r z≡ . Under the null hypothesis of 1 2 3 4 5 0β β β β β= = = = = , there is 

no level relationship between the Chinese exports and the other variables in equation (2). 

This flexible dynamic specification does not restrict changes in the Chinese exports and 

other variables to have the same lag structure. 5,6 

Assuming that (1) represents the level relationship under which all the first differ-

enced variables in equation (2) are jointly zero, we retrieve the estimates of θ ’s using 

these equations: 1θ = 2 1/β β− ; 2θ = 3 1/β β− , 3θ = 4 1/β β− , and 4θ = 5 1/β β− .7 Usually, the 

level relationship is interpreted as a (conditional) empirical long-term relationship. 

 
 
 
 
 

5 Pesaran, Shin and Smith (2001) derive critical value bounds based on two sets of distribution functions to 
cover cases in which the variables have different orders of integration. Thus, the price for the robustness is 
the possibility of an inconclusive inference if the test statistic falls within the bounds. The exact critical value 
can be derived with information about the stationarity of the explanatory variables.  
6 In estimating the model, a vector of time dummy variables capturing effects of seasonal factors, 1997 fi-
nancial crisis, China’s WTO accession in 2001, the RMB exchange rate reform in 2005, and 2008 global 
financial crisis, as well as a time trend and its interaction terms with those time dummies are also included. 
For brevity, coefficient estimates of these dummy variables are not reported below. 
7 The asymptotic distribution of θ  can be derived using the delta lemma.  
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3.2  Aggregate data on exports  
 
The sample period is from 1994Q1 to 2012Q4. Because of the paucity of the Chinese trade 

price indexes, we used the Hong Kong unit value index of re-exports to US to derive the 

Chinese data on real exports.8 Note that Hong Kong is the most important entrepot for 

China trade.  For the current case, the null hypothesis of 1 2 3 4 5 0β β β β β= = = = =  is re-

jected at the 1% level. That result indicates that there is evidence for the presence of long 

term relationship between Chinese exports and other variables.9, For brevity, except for the 

F and t statistics, other results of testing the no-relationship null hypothesis are not report-

ed but available upon request.10 

Table 1 presents the estimation results pertaining to equation (1). The results re-

ported under columns (1) are based on the bilateral CPI-based RMB-US dollar real ex-

change rate – a higher rate implies a stronger RMB. The exchange rate garners a large and 

statistically significant negative coefficient estimate. That is, the Chinese exports are re-

sponsive to exchange rate changes as predicted by conventional trade theory. 

The US income effect is quite large – a one percent increase in real income im-

plies a three-percent increase in real exports (after allowing for a deterministic time trend). 

The third-country exchange rate variable *
tr has the wrong sign – the larger the *

tr , which 

implies a lower value of third-country exchange rates, the higher level of the Chinese ex-

ports to the US – but it is not statistically significant. 

China’s exports are characterized by processing exports, which involve the as-

sembly of imported parts and components. Indeed, 60% to 70% of the Chinese exports to 

the US are processing exports. The significance of the processing imports variable zt  illus-

trates the role of processing trade. A 1% increase in real processing imports is associated 

with about 0.44% increase in the Chinese exports to the US. In passing, we note that the 

real exchange rate effect will be strengthened to -2.5 (and significant at the 1% level) from 

-1.7 when the processing imports variable is excluded. 

8 The BLS reports a price index for Chinese imports into the United States, but the series only begins in 
2004. Hence, we do not calculate a volume series based on this deflator. 
9 The lag parameters p and q are selected based on the Bayesian Information Criterion and the Jarque-Bera 
test. 
10 The same null hypothesis was rejected in all the subsequent exports equation specifications. That is, there 
is empirical evidence of the presence of long term relationship between the selected Chinese exports series 
and the associated factors. These test results again are not reported to conserve space but are available upon 
request. 
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While the CPI-deflated real exchange rate is a common measure of the strength of 

a currency, in the Chinese case, its use might yield misleading inferences. As indicated in 

Figure 1 and anecdotal evidence, China’s trade surplus and the RMB value tend to move in 

tandem, contra the typical expectation. One possible reason for this positive association is 

that China’s exchange rate policy responds to, among other things, its trade surplus. For 

instance, appreciation in the presence of a high level of trade surplus is politically feasible 

because the external pressure for appreciation is strong, and the adverse effect of the ap-

preciation on the domestic economy is not imminent.  

To control for this possible feedback effect, we adopt a two-stage approach to 

construct a RMB exchange rate variable. Essentially, we include the trade balance in a 

Taylor-rule type exchange rate equation with several Chinese specific variables. Then the 

estimated real bilateral exchange rate is used as the exchange variable tr in equation (1). 

The construction of this real bilateral exchange rate series is described in Appendix C. The 

estimated results based on the estimated exchange rate data are presented under Column 

(2) of Table 1. 

The coefficient estimates under Columns (1) and (2) of Table 1 are quite similar; 

indicating that the estimating results based on the “two-stage” RMB exchange rate are 

qualitatively similar to those based the CPI deflated real exchange rate. Specifically, the 

third country exchange rate variable remains statistically insignificant, while the other 

three variables are statistically significant, and with the expected signs. Note that the price 

elasticity associated with the two-stage RMB exchange rate is just below 1; a one percent 

appreciate leads to a slightly less than 1% decline in exports. The impact of processing im-

ports, on the other hand, is strengthened to 0.66. 

In the next analysis, we examine the impact of deviations from a longer term equi-

librium exchange rate as the relevant measure. The rationale for such approach is straight-

forward. The CPI deflated real exchange rate tends to appreciate over time due to the 

Balassa-Samuelson effect, given that tradable sector productivity typically exceeds non-

tradable. Yet the relative price of tradable goods is what is relevant for trade flows. Hence, 

if one can extract the trend component arising from the Balassa-Samuelson effect, and fo-

cus on deviations from the trend – or longer term equilibrium – exchange rate, one might 

obtain a more precise estimate of the sensitivity of trade flows to the relevant relative price. 

 11 



Yin-Wong Cheung, Menzie D. Chinn and Xingwang Qian The structural behavior of China-US trade flows 

 
 
Another way of thinking about this approach is to think about the CPI-deflated real ex-

change rate as measuring with error the relevant real exchange rate.  

In this context, a change in the level of over- or undervaluation would induce 

changes in trade activities. This perspective is consistent with the argument that the Chi-

nese trade surplus is supported by a Chinese policy of maintaining an undervalued RMB. 

This observation further motivates the examination of the response of trade activity to an 

estimated degree of undervaluation. 

Despite the general difficulty of determining the equilibrium level of an exchange 

rate, there is a plethora of studies on assessing the degree of the RMB undervaluation.11 In 

the current study, the deviation from the equilibrium exchange rate is evaluated using a 

Penn-effect-type regression: 

 
t t tq yα β ε= + + , (3) 

 
where yt is China’s GDP relative to the US one, and the GDP data are PPP-adjusted output 

data normalized by the level of employment. The real RMB real exchange rate against the 

US dollar is denoted by qt. Both qt  and yt  are in logarithm. The degree of misalignment 

under the relative productivity framework is given by tε ; a negative tε indicates underval-

uation of the RMB. 

The estimated exchange rate effect under Column (3) of Table 1 is stronger than 

those reported in the other two columns. If the observed exchange rate variation has two 

components, namely, the change in the equilibrium rate and the change in the level of mis-

alignment, the result highlights the role of deviations from the equilibrium on trade. At the 

same time, the US output effect is also stronger while the other two determinants become 

insignificant. Apparently, our measure of deviations from the equilibrium exchange rate 

has a relatively strong influence on the exports activity. 

In sum, regardless of which one of the three alternative exchange rate variables is 

considered, there a consistent price effect on the Chinese exports to the US. The evidence 

lends support to the view that the Chinese exports are responsive to its exchange rate, and 

the response to the deviation from the equilibrium rate is quite strong.  

11 Studies using different exchange rate models and different methods of calculation, along with the issue of 
China data uncertainty, generate a wide dispersion of RMB misalignment estimates. A sample of these stud-
ies includes Cheung, Chinn and Fujii (2007, 2009, 2010b), Coudert and Couharde (2007), Frankel (2006), 
and Wang (2004). 
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3.3  Disaggregating exports 
 
In the next three subsections, we investigate whether disaggregating the exports data yields 

insights into price and income elasticities. The disaggregation is implemented along sever-

al dimensions – ordinary vs. processing, ownership status of exporting firm, and primary 

vs. manufactured goods. Due to data availability, the sample period for the ordinary and 

processing exports data, and the exports data of state own enterprises (SOEs), foreign in-

vested enterprises (FIEs), and private enterprises is from 2001Q1 to 2012Q4, while the 

sample period for the primary and manufactured goods exports are from 1994Q1 to 

2012Q4. 

 
 
3.3.1  Ordinary and processing exports 
 
It is well known that China is the critical segment of a global production chain. It assem-

bles a wide variety of products with imported inputs and exports the complete or almost 

complete final product to the rest of the world. As a result, processing exports that involve 

(re-)exporting goods after processing and/or assembly within the country are a main Chi-

nese trade activity. Despite a declining trend associated with this activity (Figure 3), the 

processing exports still account for close to 60% of the Chinese exports to the US. The 

prevalent of processing exports obscures the usual price effect because an RMB apprecia-

tion lowers the cost of imported intermediate goods, which in turn, mitigates the apprecia-

tion effect on the price of processing exports.12  

Following the empirical procedure in Section 3.2, we study the effect of the ex-

change rate on these two types of exports, and present the results in Table 2. For all three 

exchange rate variables, the price effect is negative as expected and is statistically signifi-

cant. Moreover, the implied price elasticity is usually larger than one. The price elasticities 

of the usual bilateral real exchange rate and the one derived from the two-stage procedure 

are larger for ordinary than processing exports; see Columns (1), (2), (4), and (5). The re-

sults are in line with the notion that a large imported component (or equivalently a small 

value added component) weakens the exchange rate effect on processing exports.  

12 The importance of differentiating the ordinary and processing exports is emphasized in, for example, Ah-
med (2009), Cheung, Chinn, and Qian (2012), Garcia-Herrero and Koivu (2007), and  Marquez and 
Schindler (2007). 
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The deviation from the equilibrium exchange rate, however, shows a different pat-

tern, and displays a stronger impact on processing than ordinary exports (Columns (3) and 

(6)). The result corroborates the usual claim that Asian economies tend to follow China’s 

RMB valuation to stay competitive in the global market.13 If these economies feed the pro-

duction chain operation in China, the devaluation (appreciation) of their currencies will 

reinforce the effect of RMB devaluation (appreciation) on trade.  

The significance of the other explanatory variables depends on the specification. 

For the three ordinary exports specifications, the output and third-country effects have the 

right signs and are significant for two of these three cases. On the other hand, both the out-

put and third-country price variables are insignificant for processing exports. The results 

pertaining to *
tr  highlight the possible competition between China and other Asian econo-

mies in the US market; the competition effect is significant for the ordinary exports, but it 

is quite weak for processing trade. We conjecture that this is true as these exports incorpo-

rate considerable imported components from overseas including other Asian countries.  

Surprisingly, even though the estimates are all positive, the processing imports 

variable zt  is only statistically significant in one of the three processing exports specifica-

tions – the one that uses the two-stage real exchange rate variable. The processing trade 

variable effect is, however, stronger than those reported in Table 1; a 1% increase in real 

processing imports is associated with about 1.2% increase in the Chinese processing ex-

ports to the US. 

Despite the heterogeneity in the results, one consistent finding is that, for either 

ordinary and processing exports, China’s exports respond to prices in a significant fashion. 

 
 
3.3.2  Primary and manufactured goods exports 
 
The astonishing economic growth enjoyed by China in the recent decades has been driven 

by a fast growing manufacturing sector that supports a rapidly expanding export sector. 

Figure 4 shows the share of manufactured goods exports accounts for the lion’s share of 

China’s exports to the US while the exports of primary products experienced a slight de-

cline. It is generally believed that a large fraction of manufactured goods exports are pro-

cessing exports. Some typical examples are iPhones and laptop computers.  

13 See, for example Fratzscher and Mehl (2014), McKinnon and Schnabl (2003), Subramanian and Kessler 
(2013). 
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Table 3 summarizes the results of examining the differing behavior of the Chinese 

exports of primary and manufactured products. Our dichotomy of primary and manufac-

tured goods follows the convention of the Harmonized System code. Specifically, the 

“primary” group comprises products with codes ranging from 01 to 27 and the “manufac-

turing” group covers product codes from 28 to 97. 

In five out of six cases, the real exchange rate effect is statistically significant with 

the expected negative sign. The insignificant case is given by the two-stage exchange rate 

variable under the primary product specification. Again, the evidence lends support to the 

usual view that exports performance is adversely affected by a strong currency. 

The coefficient estimates of the US output variable are all positive, although it is 

significant in only four of the six cases. The significance of the third-country exchange rate 

variable varies between the two types of exports. While the third-country price variable is 

significant with the expected negative sign for the primary exports, it has wrongly signed, 

albeit insignificant, coefficient estimates for manufactured exports. The result is suggestive 

of the third country competition is more intense in China’s exports of primary products 

than of manufactured goods. In the latter categories, the processing trade attribute may 

dampen the third country competition effect. Such an interpretation is corroborated by the 

significance of the processing imports variable in the exports equations of manufactured 

products. 

 
 
3.3.3  Exports and firm ownership  
 

China’s reform policies have substantially altered the incentives facing economic actors. 

As a consequence, the prevalence of various types of corporate governance has shifted 

drastically. The dominance of state owned enterprises has been, and continues to be, erod-

ed by the arrival of foreign invested enterprises and private enterprises. These different 

ownership structures imply, among other things, different organization structures, opera-

tional environments, and incentive schemes. Figure 5 attests to the general belief that the 

foreign invested enterprises and private firms in China are growing at the expense of state 

owned enterprises. The share of the exports by state owned enterprises to the US has de-

clined in the 21st century, while those of the other two types have grown.  
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Do the exports of these different types of firms exhibit different behaviors? Table 

4 reports the results of estimated the exports equations, broken down by state owned enter-

prises, foreign invested enterprises, and private enterprises. 

The price effect estimates obtained from this classification scheme are largely in 

accordance with those from the other two classification schemes; that is, the Chinese ex-

ports respond to prices. The coefficient estimates of the three exchange rate variables are 

all negative. While those from the foreign invested and private enterprises are statistically 

significant, only the exchange rate derived from the two-stage procedure is significant for 

the case of state owned enterprises.  

For each of the three exchange rate cases, the state owned enterprises display the 

weakest price effect while the private enterprises are the most sensitive to prices. The rela-

tive rankings of price effects are in line with the belief that prices are not necessarily the 

most important factor for the operation of state owned enterprises. Private enterprises in 

general have a strong profits incentive, and thus are quite sensitive to economic factors. 

Relative to private enterprises, the foreign invested enterprises could have a wide array of 

instruments to manage the impact of exchange rate variability, and thus, are less sensitive 

to exchange rates. 

The performance of other explanatory variables varies across firm types. For in-

stance, only the exports by state owned enterprises exhibit strong income effects. The pro-

cessing imports variable shows up as significant in the cases of state owned and foreign 

owned enterprises, but not private enterprises. For private enterprises, the third-country 

price effect is statistically significant in two regressions, but with opposing signs. The 

drivers of differing results warrant further study. 

In sum, the results from disaggregated data reinforce the findings from aggregate 

data. Chinese exports to the US are sensitive to the exchange rate movement. The price 

sensitivity is revealed, albeit with varying degrees of intensity, by three alternative 

measures of the bilateral real exchange rate. Furthermore, the variations in the price effects 

across different groups of exports categories are in general quite intuitive. 
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4  Additional analyses 
 

4.1  China’s imports 
 
We study China’s imports from the US using the following imports equation and auto-

regressive distributed lag model 

 
~

0 1 2 3 4t t t t t tim y r r w uγ γ γ γ γ= + + + + + , (4) 

 
and 

 
1~ ,

0 1 1 2 1 3 1 4 1 5 1 0 1
p q

t t t t t t j t j j t j tj jim im y r r w Z imβ β β β β β ϕ ω ε−
− − − − − − −= =∆ = + + + + + + ∆ + ∆ +∑ ∑ , (5) 

 
where ty is China’s real GDP, ~

tr captures the “third” country exchange rate effect with the 

RMB real effective exchange rate against European Union currencies, tw is China’s 

productivity in the manufacturing sector relative to the US,14 and ~( , , , )t t t t tZ y r r w≡ . As in 

the case of exports, the level relationship parameters iγ ’s are inferred from the correspond-

ing iβ ’s from (5).15 

The results of estimating China’s import behavior are summarized in Table 5. For 

brevity, the price effects on imports based on the bilateral exchange rate extracted from the 

two-stage procedure are presented. Those based on the other two exchange rate variables 

are available upon request.16  

The estimated price effects on the aggregate imports from the US and its sub-

categories are all positive; that is, the stronger the Chinese currency, the larger volume of 

imports. Similar to the case of exports, the magnitude of price effect varies between differ-

ent types of import activities. With the exceptions of imports of manufactured goods and 

imports by private enterprises, the price-elasticity estimates are statistically significant. The 

14 For discussions on including relative productivity in China’s imports equation, see, for example, Aziz and 
Li (2008), Cheung, Chinn and Qian (2012), and Chinn (2006). 
15 For all the imports equations reported below, the null hypothesis of 1 2 3 4 5 0β β β β β= = = = =  is 
rejected at the 1% level. That is, there is an empirical long term relationship between Chinese imports and 
other variables. The lag parameters p and q are selected based on the Bayesian Information Criterion and the 
Jarque-Bera test. For brevity, the results of testing the null hypothesis are not reported but available upon 
request. 
16 The price effects based on the other two measures are, in general, qualitatively similar to those in Table 5.  
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estimated exchange rate effect is quite encouraging as it suggests that the response of Chi-

na’s imports to the exchange rate is in accordance with the usual wisdom; a RMB appre-

ciations lead to an increase in China’s imports. 

This finding is of interest because earlier studies have failed to detect a significant 

and correctly-signed price effect for Chinese imports, including Cheung et al. (2010a, 

2012). We conjecture one reason is that accounting for the endogeneity of the exchange 

rate using the two stage procedure allows us to better measure the price elasticity of im-

ports. An alternative explanation relies upon the observation that the majority of Chinese 

imports from US are ordinary goods (more than 90%), which might mean that Chinese im-

ports are more sensitive to price changes. 

 It is of interest to note that the price effect displayed by private enterprises is 

small and statistically insignificant – a finding that is in sharp contrast with the export be-

havior of private enterprises.  

The effects of other explanatory variables are less conclusive. The income effect 

is significantly positive as stipulated for only the case of private enterprises; it is insignifi-

cant in the other seven cases. The third country exchange rate effect is significant with the 

expected negative sign for only the categories of ordinary and processing imports. Dis-

aggregation thus seems to yield limited insights in this regard. The relative productivity 

variable, when it is statistically significant, is negative with the exception of data of private 

enterprises. The negative effect is in accordance with the notion that a high level of Chi-

na’s competitiveness reduces its demand for imports. 

In sum, empirically, Chinese import behavior reported in Table 5 is largely in line 

with the textbook prescription – a higher value of the RMB is associated with a higher lev-

el of imports.  Nevertheless, we note that, relatively speaking, China’s imports from the US 

are more difficult to model than its exports to the US.    

 
 
4.2  The Marshall Lerner condition 
 
The Chinese trade surplus has been a subject of contention between China and the rest of 

the world. Exchange rate adjustment is a natural policy prescription to address the exces-

sive trade surplus. Specifically, the Marshall Lerner condition shows that, starting from a 

point of trade balance and perfectly elastic supply, an exchange rate appreciation reduces 
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the size of trade balance when the sum of the price elasticities of exports and imports is 

larger than one. 

The elasticity estimates presented above allow us to gauge the exchange rate ef-

fect on China’s trade account, at least starting from the counterfactual of balanced trade. 

The second and third columns of Table 6 present the exports and imports price elasticity 

estimates derived from the bilateral exchange rate extracted from the two-stage procedure. 

The test statistics of the hypothesis of the sum of two price elasticities is unity. For the ag-

gregate trade between China and the US, the Marshall Lerner condition is met; that is, 

RMB appreciation will shrink China’s trade balance with the US. The other results depend 

on the way the trade data are classified. 

The Marshall Lerner condition is met for the two components under the pro-

cessing and ordinary trade classification. That is, when the RMB appreciates, it will damp-

en China’s total processing trade and total ordinary trade surpluses. Interestingly the rela-

tive exchange rate effect differs across these two types of trade data. The price elasticity 

estimates show that the exchange rate effect is stronger for ordinary exports than ordinary 

imports, and is stronger for processing imports than processing exports.  

The results from the other two forms of trade classification are not the clear cut. 

When we look at trade on primary goods and manufactured products, the sum of the two 

price elasticity is not significantly larger 1, and thus the Marshall Lerner condition is not 

satisfied.  Indeed, the sum is less than 1 for trade in primary goods.  

For trade activity conducted by SOEs, even though the numerical value of the 

Marshall-Lerner condition is met, the sum of the two price elasticity estimates is not statis-

tically larger than 1. That is, there is no statistical evidence that an RMB appreciation will 

reduce the trade balance of China’s SOEs. For the FIEs and private enterprises, the Chi-

square test shows that the Marshall-Lerner condition is met. For these two types of enter-

prises, the overall effect on trade balance is dominated by the negative price effect on ex-

ports. 

Taking these results together, we are inclined to believe the Marshall-Lerner con-

dition holds for the bilateral aggregate China-US trade. For specific trade sub-categories, 

RMB appreciation may not reduce the trade balance, even when starting from balance. 

That’s a natural consequence of different export and import sub-categories displaying dif-

ferent price elasticities. One implication is that exchange rate policy has differential effects 

on categories of the trade balance.  
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5  Concluding remarks 
 
We study the bilateral trade, both imports and exports, between China and the US with a 

focus on the exchange rate effect. In view of the diverse results reported in the literature, 

we adopt an estimation procedure that is valid under alternative assumptions regarding the 

degree of integration of the data, alternative exchange rate measures (including accounting 

for endogeneity and measurement error), and alternative means of disaggregating the data. 

In addition, we include factors that are relevant to China’s recent unique experiences. 

Our preliminary data analyses confirmed that the variables under consideration 

exhibit different degrees of integration. That finding motivates the use of the Pesaran, Shin 

and Smith procedure, which mitigates the possibility of spurious results. In general, we 

find that, in line with the conventional wisdom, the value of China’s exports to the US is 

adversely affected by the strength of its currency. The exchange rate effect on the Chinese 

imports from the US is also consistent with the general notion that imports increase with 

the RMB value, even though the evidence is slightly weaker than those from the exports 

data. Further, the combined empirical price effects on exports and imports imply that an 

increase in the real value of the RMB will reduce China’s trade balance. 

The use of alternative exchange rate measures and data on different trade classifi-

cations yields additional insights. One not altogether surprising result is that the estimated 

exchange rate effect varies across exchange rate measures and trade classifications. The 

encouraging aspect is that the pattern of variation is largely in line with intuition: firms 

more subject to market forces exhibit greater price sensitivity. Thus, the exchange rate ef-

fect is stronger for exports by private enterprises than by state owned enterprises. When the 

value added is larger, the sensitivity to price changes is larger; hence, the elasticity is larger 

for ordinary exports than for processing exports,  

Finally, accounting for endogeneity and measurement error matters. Hence, the 

instrumented (two-stage) exchange rate and the deviation from the equilibrium level dis-

play a stronger effect than the unadjusted bilateral exchange rate. 
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Table 1  China’s aggregate exports to US (1994Q1–2012Q4) 

 Aggregate exports  

 (1) (2) (3) 

GDP_US 3.041*** 3.041*** 3.944*** 
 (0.86) (1.21) (0.82) 
RER –1.687*** –0.999*** –2.348*** 
 (0.33) (0.26) (0.33) 
REER_US/ASEAN 0.216 –0.007 –0.033 
 (0.17) (0.22) (0.25) 
dProc_Imports 0.440** 0.658* 0.184 
 (0.21) (0.35) (0.15) 
    
F-stats 11.08 4.85 10.14 
t-stats –6.96 –6.16 –6.29 
Q-stat(4) 7.96 6.38 7.01 
Q-stat(8) 12.08 9.58 12.04 
Jarque-Bera test 2.27 .55 .92 

Obs 68 68 68 

Lag (1,2,1,3) (1,4,1,3) (1,3,4,1) 

 
Note: Column (1), Column (2), and Column (3) report results when the RER variable is the CPI based RER, the one from the two-stage estimation method, and the deviation 
from the equilibrium levels. Robust standard errors are in the parentheses. “***, **, *” indicate the 1%, 5%, and 10% level of significance, respectively. The estimation 
results for short-term variables, WTO, exchange rate reform dummy, Crisis dummy, quarterly dummies, and constant are not reported for brevity. F-stats and t-stats report the 
test results for null hypotheses of 1 2 3 4 5 0β β β β β= = = = =  and β1 =0.  Q-stat and Jarque-Bera test report the test results of serial correlation and normality of the 
regression error term, respectively. The lag structure is decided by the SBIC. For example, (1,2,1,3) means the first differences of GDP_US, RER, REER_US/ASEAN, and 
dProc_Imports have 1, 2, 1, and 3 lag(s) in the Bounds test procedure, respectively. 
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Table 2  China exports to US – ordinary and processing exports (2001Q1–2012Q4) 

 Ordinary exports Processing exports 

 (1) (2) (3) (4) (5) (6) 

GDP_US 3.480*** 1.272 3.811** 0.529 1.181 1.278 
 (1.25) (3.25) (1.37) (1.77) (1.72) (1.90) 
RER –2.199*** –1.598* –1.817*** –1.873*** –0.930*** –2.446*** 
 (0.59) (0.88) (0.55) (0.42) (0.31) (0.49) 
REER_US/ASEAN –1.060* –0.621** –0.361 1.026 0.423 0.450 
 (0.61) (0.27) (0.51) (0.71) (0.79) (0.49) 
dProc_Imports    0.198 1.176*** 0.511 
    (0.18) (0.29) (0.35) 
       
F-stats 7.91 4.27 7.11 5.96 6.32 4.97 
t-stats –4.76 –4.39 –4.69 –3.55 –3.93 –4.28 
Q-stat(4) 3.73 7.34 4.05 6.64 6.95 7.29 
Q-stat(8) 8.23 12.23 10.25 13.27 9.04 12.70 
Jarque-Bera test .38 .45 .35 1.25 1.79 .84 

Obs 46 43 46 43 43 43 

Lag (1,1,4) (2,4,2) (1,1,4) (1,2,1,1) (1,1,1,4) (1,3,2,1) 

 
Note: Columns (1) and (4), Columns (2) and (5), and Columns (3) and (6) report results when the RER variable is the CPI based RER, the one from the two-stage estimation 
method, and the deviation from the equilibrium levels. Robust standard errors are in the parentheses. “***, **, *” indicate the 1%, 5%, and 10% level of significance, 
respectively. The estimation results for short-term variables, WTO, exchange rate reform dummy, Crisis dummy, quarterly dummies, and constant are not reported for brevity. 
F-stats and t-stats report the test results for null hypotheses of 1 2 3 4 5 0β β β β β= = = = =  and β1 =0.  Q-stat and Jarque-Bera test report the test results of serial 
correlation and normality of the regression error term, respectively. The lag structure is decided by the SBIC. For example, (1,2,1,1) means the first differences GDP_US, 
RER, REER_US/ASEAN, and dProc_Imports have 1, 2, 1, and 1 lag in the Bounds test procedure, respectively. 
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Table 3  China exports to US – Primary and manufactured product exports (1994Q1–2012Q4) 

 Primary exports Manufactured exports 

 (1) (2) (3) (4) (5) (6) 

GDP_US 3.135* 4.809**  2.230 2.636*** 1.226 3.422*** 
 (1.83) (1.99) (1.41) (0.84) (1.05) (0.82) 
RER –1.853*** –0.092 –2.546*** –1.744*** –0.868*** –1.790*** 
 (0.42) (0.14) (0.55) (0.32) (0.29) (0.38) 
REER_US/ASEAN –0.540** –0.385* –0.798** 0.153 0.182 0.161 
 (0.23) (0.22) (0.31) (0.16) (0.21) (0.16) 
dProc_Imports    0.454** 1.589*** 0.437** 
    (0.20) (0.28) (0.22) 
       
F-stats 10.12 8.44 7.68 9.95 8.45 6.06 
t-stats –6.30 –4.85 –5.44 –6.84 –6.28 –5.62 
Q-stat(4) 7.58 0.66 5.75 7.12 8.00 7.46 
Q-stat(8) 13.23 5.09 13.28 10.33 12.72 11.74 
Jarque-Bera test .59 1.24 1.20 2.12 2.21 2.28 

Obs 71 72 71 68 68 68 

Lag (4,2,3) (1,3,3) (2,2,4) (1,2,1,3) (1,3,1,3) (1,4,1,3) 

 
Note: Columns (1) and (4), Columns (2) and (5), and Columns (3) and (6) report results when the RER variable is the CPI based RER, the one from the two-stage estimation 
method, and the deviation from the equilibrium levels. Robust standard errors are in the parentheses. “***, **, *” indicate the 1%, 5%, and 10% level of significance, 
respectively. The estimation results for short-term variables, WTO, exchange rate reform dummy, Crisis dummy, quarterly dummies, and constant are not reported for brevity. 
F-stats and t-stats report the test results for null hypotheses of 1 2 3 4 5 0β β β β β= = = = =  and β1 =0.  Q-stat and Jarque-Bera test report the test results of serial 
correlation and normality of the regression error term, respectively. The lag structure is decided by the SBIC. For example, (1,2,1,3) means the first differences GDP_US, 
RER, REER_US/ASEAN, and dProc_Imports have 1, 2, 1, and 3 lag in the Bounds test procedure, respectively. 
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Table 4  China exports to US – SOE, FIE, Priv. exports (2001Q1–2012Q4) 

 SOE exports FIE exports Priv. exports 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

GDP_US 3.434*** 3.848** 3.495** 0.881 0.604 1.014 2.096 4.997** 0.549 

 (1.05) (1.69) (1.73) (1.66) (2.12) (1.54) (1.66) (2.11) (2.45) 

RER –0.186 –0.697* –0.594 –1.798*** –1.283*** –2.381*** –2.187*** –2.294*** –2.520*** 

 (0.43) (0.40) (0.42) (0.40) (0.39) (0.37) (0.78) (0.72) (0.56) 

REER_US/ASEAN –0.519 –0.812 –0.212 0.819 –0.256 0.668 –2.072* 1.246*** –0.451 

 (0.39) (0.80) (0.35) (0.57) (1.00) (0.40) (1.08) (0.41) (0.51) 

dProc_Imports 1.412*** 1.836*** 1.498*** 0.828*** 1.569*** 0.627** 0.011 1.971*** –0.772 

 (0.36) (0.53) (0.59) (0.32) (0.39) (0.31) (0.21) (0.53) (0.56) 

          

F-stats 20.89 13.53 8.23 7.70 7.46 6.28 4.52 6.20 4.80 

t-stats –5.90 –4.10 –4.15 –4.69 –3.55 –4.34 –3.83 –4.16 –3.68 

Q-stat(4) 6.75 7.35 6.77 6.62 7.73 5.39 3.93 3.98 6.61 

Q-stat(8) 12.78 11.85 11.19 7.56 10.55 11.76 7.06 4.30 9.70 

Jarque-Bera test 3.50 2.59 2.75 .14 2.14 .01 4.09 1.68 .07 

Obs 43 42 43 43 43 43 43 42 43 

Lag (1,3,1,4) (1,2,2,4) (2,1,1,4) (1,1,1,4) (1,1,1,4) (1,2,1,4) (1,4,3,1) (4,2,2,4) (4,4,2,4) 

 
Note: Columns (1), (4) and (7), Columns (2), (5) and (8), and Columns (3), (6) and (9) report results when the RER variable is the CPI based RER, the one from the two-stage 
estimation method, and the deviation from the equilibrium levels. Robust standard errors are in the parentheses. “***, **, *” indicate the 1%, 5%, and 10% level of 
significance, respectively. The estimation results for short-term variables, WTO, exchange rate reform dummy, Crisis dummy, quarterly dummies, and constant are not 
reported for brevity. F-stats and t-stats report the test results for null hypotheses of 1 2 3 4 5 0β β β β β= = = = =  and β1 =0.  Q-stat and Jarque-Bera test report the test 
results of serial correlation and normality of the regression error term, respectively. The lag structure is decided by the SBIC. For example, (1,3,1,4) means the first 
differences GDP_US, RER, REER_US/ASEAN, and dProc_Imports have 1, 3, 1, and 4 lag in the Bounds test procedure, respectively. 
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Table 5  China imports from US – Two-stage method  

 Aggregate Ordinary Processing Primary Manufactured SOE FIE Priv. 

GDP_CN –0.639 0.466 2.956 –0.618 –2.414 –2.863 0.502 4.684*** 

 (0.69) (4.47) (6.36) (1.72) (2.51) (2.11) (1.83) (1.69) 

RER 0.362*** 1.685* 5.012*** 0.393*** 0.211 0.671* 0.378*** 0.040 

 (0.06) (0.90) (1.27) (0.07) (0.29) (0.38) (0.13) (0.38) 

REER_CN/EU 0.010 –2.278*** –4.532*** –0.087 0.056 –0.660 2.100*** 0.558 

 (0.21) (0.62) (1.03) (0.49) (0.30) (0.49) (0.51) (0.36) 

dProd 0.204 –1.718*** –17.999*** –1.071 0.683 –2.416*** –1.286** 1.206** 

 (0.32) (0.60) (3.11) (1.07) (0.48) (0.82) (0.59) (0.55) 

         

F-stats 11.31 5.03 8.87 7.50 7.90 8.19 11.25 10.79 

t-stats –6.86 –4.43 –4.96 –7.28 –6.10 –6.28 –6.47 –7.80 

Q-stat(4) 1.58 3.33 7.58 4.94 2.40 5.95 3.10 4.55 

Q-stat(8) 8.23 4.34 11.95 11.02 11.79 12.70 6.97 9.18 

Jarque-Bera test .49 3.71 .15 3.86 .76 .75 .82 .54 

Obs 71 43 44 71 72 44 43 43 

Lag (1,3,1,2) (4,4,4,3) (1,3,2,3) (1,3,1,3) (2,1,1,2) (2,1,4,3) (2,4,3,1) (1,1,2,1) 

 
Note: The table reports China’s imports elasticities with the RER variable from the two-stage estimation method. Robust standard errors are in the parentheses. “***, **, *” 
indicate the 1%, 5%, and 10% level of significance, respectively. The estimation results for short-term variables, WTO, exchange rate reform dummy, Crisis dummy, 
quarterly dummies, and constant are not reported for brevity. F-stats and t-stats report the test results for null hypotheses of 1 2 3 4 5 0β β β β β= = = = =  and β1 =0.  Q-stat 
and Jarque-Bera test report the test results of serial correlation and normality of the regression error term, respectively. The lag structure is decided by the SBIC. For example, 
(1,3,1,2) means the first differences GDP_CN, RER, REER_CN/EU, and dProd have 1, 3, 1, and 2 lag in the Bounds test procedure, respectively. 
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Table 6  The summary of price elasticity of trade and Marshall-Lerner condition 

Data type of trade 
Price elasticity of exports  

(Ψex ) 
Price elasticity of imports  

(Ψim) 
Marshall-Lerner condition 

(Ψex + Ψim ) Chi statistics  

Aggregate 0.999 0.362 1.362 3.21* 

Ordinary  3.863 1.685 5.548 8.37*** 

Processing  0.93 5.012 5.942 5.59** 

Primary  0.108 0.393 0.501 0.09 

Manufactured  0.868 0.211 1.079 1.08 

SOE  0.697 0.671 1.368 0.72 

FIE  1.283 0.378 1.661 3.36* 

Priv. 2.294 0.04 2.334 3.57** 
 
Note: The table summarizes the real exchange rate elasticities of exports (Ψex ) and imports (Ψim), Marshall-Lerner condition (Ψex + Ψim>1), and the significance of Marshall-
Lerner condition (Chi statistics for null hypothesis Ψex + Ψim=1). . “***, **, *” indicate the 1%, 5%, and 10% level of significance, respectively. The real exchange rate 
variable is the one obtained from two-stage estimation method. 
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Figure 1 China's overall, China-US bilateral trade balance, and the RMB real exchange rate 
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Figure 2 The shares of China-US bilateral trade  
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Figure 3 China’s ordinary and processing exports to the U.S. 
 

 
 
Figure 4 China’s primary and manufactured exports to the U.S. 
 

 
 

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %
Ja

n-
01

Ju
l-0

1

Ja
n-

02

Ju
l-0

2

Ja
n-

03

Ju
l-0

3

Ja
n-

04

Ju
l-0

4

Ja
n-

05

Ju
l-0

5

Ja
n-

06

Ju
l-0

6

Ja
n-

07

Ju
l-0

7

Ja
n-

08

Ju
l-0

8

Ja
n-

09

Ju
l-0

9

Ja
n-

10

Ju
l-1

0

Ja
n-

11

Ju
l-1

1

Ja
n-

12

Ju
l-1

2

Exports: Ordinary Trade Exports: Processing Trade

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

Ja
n-

93
N

ov
-9

3
Se

p-
94

Ju
l-9

5
M

ay
-9

6
M

ar
-9

7
Ja

n-
98

N
ov

-9
8

Se
p-

99
Ju

l-0
0

M
ay

-0
1

M
ar

-0
2

Ja
n-

03
N

ov
-0

3
Se

p-
04

Ju
l-0

5
M

ay
-0

6
M

ar
-0

7
Ja

n-
08

N
ov

-0
8

Se
p-

09
Ju

l-1
0

M
ay

-1
1

M
ar

-1
2

Ja
n-

13

Export: primary goods Export: manufacture products

 32 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 23/ 2014 

 
 
Figure 5 Exports of different types of firm to the US 
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Appendices 
 
Appendix A: Definitions of variables 
 
Dependent variables China’s exports to, imports from the US in aggregate, trade type (ordinary and pro-

cessing trade), products type (primary and manufactured products), and firm type 
(SOE, FIE, and Private firms) data. Nominal exports data are deflated by the Hong 
Kong unit value index of re-exports to US; and nominal imports are deflated by the 
Hong Kong unit value index of re-exports to China.  

GDP_US The US real GDP in the 2005 price, in logarithmic form. 

GDP_CN China’s real GDP in the 1995 price, in RMB and logarithmic form.  

RER The bilateral real exchange rate between RMB and USD, calculated as the nominal 
exchange rate deflated by both CPIs of China and the US, in logarithmic form. A lar-
ge RER indicates a high RMB value.  

REER_US/ASEAN The real effective exchange rate of USD against ASEAN–5, in logarithmic form. A 
large REER_US/ASEAN means a high USD value. 

REER_CN/EU The real effective exchange rate of the RMB against the Europe Union currencies, in 
logarithmic form. A large REER_CNY/EU means a high RMB value.   

Proc_Imports China’s total procession imports deflated by the Hong Kong unit value index of re-
exports to China, in logarithmic form.   

Prod China’s relative productivity, measured by the Chinese GDP per employment in the 
secondary industry relative to the US manufacture output per job. 

Afc97 A time dummy variable of the Asian financial crisis  
(= 1 if t>=1998Q1; = 0, otherwise) 

WTO A time dummy variable of China’s accession to WTO at Dec, 2001  
(= 1 if t>=2002Q1; = 0, otherwise).  

Reform A time dummy variable of China’s exchange rate reform in July 2005  
((= 1 if t>=2005Q3; = 0, otherwise) 

Gfc08a A time dummy variable of the global financial crisis in 2008  
(= 1 if t>=2008Q4;  = 0, otherwise). 

Gfc08b A time dummy variable of the plummet time periods of the global financial crisis in 
2008 (= 1 if t>=2008Q4, 2009Q1, 2009Q2;  = 0, otherwise).  

SED A time dummy variable of the Strategic and Economic Dialogue between China and 
US.  

Q1,Q2,Q3  The quarterly dummy variables 

Trend A time trend variable. 
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Appendix B: Results of unit root tests 
 

  
  

DF-GLS with a trend ADF test with one structural break 
in both mean and trend 

tau-statistics lags t-statistics break point 
Aggregated exports –1.127 5 –2.950 2001q4 
Primary goods exports –1.610 8 –3.037 2001q4 
Manufactured goods exports –1.770 4 –2.880 2001q4 
Ordinary exports –0.753 5 –2.596 2003q4 
Processing exports –1.442 4 –2.848 2002q4 
SOE exports –1.561 4 –3.915* 2008q2 
FIE exports –0.986 5 –4.083* 2001q4 
Private firms exports –1.046 4 –2.583 2001q4 

     
Aggregated imports –2.836* 4 –1.978 2002q1 
Primary goods imports –3.251** 4 –2.197 2002q3 
Manufactured goods imports –1.783 8 –1.648 2002q1 
Ordinary imports –4.552*** 1 –1.451 2006q3 
Processing imports –2.188 1 –4.295** 2011q3 
SOE imports –6.009*** 1 –0.291 2004q4 
FIE imports –1.236 1 –3.029 2001q4 
Private firms imports –1.155 2 –2.382 2002q1 
      
China's real GDP –1.715 4 –0.935 2004q2 
US real GDP –0.997 2 –3.089 1995q4 
RMB-USD real exchange rate –2.740 8 –3.787 2007q1 
USD-ASEAN real effective exchange 
rate (REER) –1.371 1 –2.530 1997q1 

RMB-Euro REER –1.518 1 –2.362 2001q4 
China’s total processing imports –1.044 5 –2.936 2001q4 
The change of China-US relative 
productivity –1.162 3 –3.740* 2008q3 

Output gap –1.319 10 –0.656 2011q1 
China’s inflation –1.228 5 –4.140* 2007q2 
China’s deposit rate –0.479 1 –6.039*** 1995q4 
China’s trade surplus –2.198 4 –3.169 2003q4 
 
Note:  All exports data are deflated by the Hong Kong re-export to US unit value index and all imports data 
are deflated by the Hong Kong re-export to China unit value index, in logarithm. The finite sample critical 
value at 5% significant level for DF-GLS test and ADF test with one structural break are from Cheung and 
Lai (1995) and Perron and Vogelsang (1992), respectively. The lag structure is decided by SBIC. The break 
points are endogenously identified from a grid search method. 
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Appendix C: The two-stage process 
 
The RMB exchange rate effect on Chinese exports to the US allowing for possible feed-

back of China’s trade surplus to the RMB exchange rate is studied as follows.  

The feedback effect of trade surplus to RMB exchange rate is accounted for in the 

following equation in the 1st stage, 

 
𝑟𝑟𝑡𝑡 = 𝛼𝛼 + 𝛾𝛾1𝑍𝑍𝑡𝑡 + 𝛾𝛾2𝑋𝑋𝑡𝑡 + 𝜀𝜀𝑡𝑡          (C1) 
 
where 𝑟𝑟𝑡𝑡 is the RMB real exchange rate; 𝑍𝑍𝑡𝑡 is a vector of variables that 𝑟𝑟𝑡𝑡 responds to, in-

cluding China’s total trade balance and three Taylor rule factors – China’s output gap, in-

flation rate, and interest rate differential (Chinn, 2008). Other variables in equation (1) in 

the text are included in 𝑋𝑋𝑡𝑡 as the exogenous variables to meet the necessary condition for 

identification in a two-equation system (See Baltagi, 2002, Chapter 11 for details). A 

Bounds test for (C1) is performed in an ARDL setting with a time trend and time dummy 

variables including 1997 and 2008 financial crises, 2005 exchange rate reform, SED, and 

their interaction terms with time trend, been included. The fitted value for 𝑟𝑟𝑡𝑡, notated as 𝑟𝑟𝑡𝑡� , 

is generated from the long-run level relation.   

In the second stage, we run a Bounds test as specified in equation (2) and estimate 

the long-term level relation with 𝑟𝑟𝑡𝑡 in equation (1) replaced by 𝑟𝑟𝑡𝑡� .  

This two-step process might entail the issue of generated regressors, in that 𝑟𝑟𝑡𝑡�  is 

an estimated variable. In essence, we use an estimated proxy to measure the actual varia-

ble.  In doing so, we are measuring it with an error. Thus, regressions using generated re-

gressors yield biased standard errors that can lead to improper inferences. In our exercise, 

the inferences are based on the corrected variance-covariance matrix estimate and the asso-

ciated standard errors recommended by Baltagi (2002) and Pagan (1984). 
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