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Abstract  China has been accused of manipulating its currency to gain 
international competitiveness and enjoy a trade surplus. The S-Curve is a 
hypothesis that could be used to test the effectiveness of currency devaluation or 
depreciation. It claims that while future values of the trade balance and current 
exchange rate are positively correlated, the past values of the trade balance and 
current exchange rate are negatively correlated. While China’s aggregate trade 
flows with the rest of the world conforms to the S-Curve hypothesis, 
disaggregating trade flows by trading partner reveals that not all partners are 
affected equally by devaluation. Indeed, trade with 8 out of the 24 partners does 
not support the S-Curve hypothesis. 
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1  Introduction 

Through its currency board, China is said to intervene in its foreign exchange 
market by keeping the yuan undervalued so that it can enjoy an improved trade 
balance. Although intervention is carried out by using a reserve currency, such as 
the U.S. dollar, due to arbitrage activities the yuan also depreciates against 
currencies of other trading partners. Against which trading partners may China’s 
trade balance improve? The S-Curve is a concept that could be used to answer 
this question. 

Originally introduced by Backus et al. (1994), the S-Curve hypothesis 
basically outlines the dynamic adjustment of the trade balance to currency 
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depreciation. The concept is based on cross-correlation between the exchange 
rate and the trade balance. Precisely, it postulates that due to adjustment lags 
while cross correlations between the current exchange rate and future values of 
the trade balance are positive, the same correlations between the current 
exchange rate and past values of the trade balance are negative. Since the plot of 
cross-correlation coefficients against lags and leads resemble the letter S, this 
cross-correlation function is known as the S-Curve. When Backus et al. (1994) 
introduced the concept they tested the hypothesis for 11 industrialized countries 
by using aggregate trade flows of each country with the rest of the world. 

The list included Australia, Austria, Canada, Finland, France, Germany, Italy, 
Japan, Switzerland, the United Kingdom, and the United States. In most cases the 
S-Curve hypothesis was supported. 

Three other studies have tried to replicate Backus et al. (1994) by using trade 
data from developing countries. Senhadji (1998) tested the S-Curve for 30 
developing countries and provided support for the phenomenon in 22 countries. 
Parikh and Shibata (2004) tested the hypothesis for 14 Asian countries, 25 
African countries, and 20 Latin American countries. They find support for the 
S-Curve in a limited number of countries. Finally, Bahmani-Oskooee, Kutan, and 
Ratha (2008) considered the experience of 10 countries, being Bulgaria, Croatia, 
Cyprus, Czeck Republic, Hungary, Poland, Romania, Russia, Slovakia, and 
Turkey. The S-curve was supported in six countries. 

The country that is now catching up with the U.S. and has become the second 
largest economy in the world, i.e. China was not included in any of the studies 
reviewed above. Thus, in this paper we consider China’s experience with the 
S-Curve. In addition to testing the S-Curve by using China’s aggregate trade 
flows with the rest of the world, we take an additional step and disaggregate 
China’s trade flows by its major trading partners and produce the S-Curves 
between China and each of its 24 largest trading partners. By doing so, we 
identify partners that do contribute to the S-Curve phenomenon and those that do 
not. We find more support for the S-Curve at the bilateral level. 

In Section 2 we introduce the method of constructing the S-Curve. Section 3 
discusses the empirical results and a summary is provided in Section 4. The 
Appendix provides a definition of the variables involved and sources of the data 
employed. 

2  The Method 

As mentioned before, The S-Curve is based on the simple concept of 
cross-correlation between the trade balance and the real exchange rate. The two 
variables must relate in a manner that if currency depreciation is to improve the 
trade balance, the contemporaneous correlation must be positive. Hence, following 
previous studies we define China’s trade balance with trading partner J as TBJ = 
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(XJ – MJ)/GDP where XJ is China’s exports to trading partner J and MJ is China’s 
imports from the same partner, and GDP is China’s Gross Domestic Product. All 
variables are in nominal U.S. dollars.1 Next we define the real bilateral exchange 
rate as REX = (PJ *NEX/PCH) where NEX is the nominal bilateral exchange rate 
defined as the number of Chinese yuan per country J’s currency; PCH is the 
Chinese price level, and PJ is the price level in trading partner J. Clearly, in this 
set up the definition of REX follows that of NEX hence an increase reflects the real 
depreciation of the yuan. This definition is now consistent with the definition of 
the trade balance for a positive contemporaneous correlation. 

The next step is to measure the cross-correlation coefficients between the past 
and future values of the trade balance or net exports and the current real 
exchange rate. Again, following the literature we define this measure by: 
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where REX and TB  are the mean values of the two variables over the study 
period. By allowing k to take negative as well as positive values such –5, –4, 
–3, … 0, … 3, 4, 5 we will be able to produce cross-correlation coefficients 
between past and future values of the trade balance and the current real exchange 
rate. Plotting these coefficients against the values of k will yield the S-Curve. It 
must also be mentioned that in order to avoid a spurious correlation, both series 
are decomposed into their trend values and deviation from the trend values that 
are due to business cycles using the well-known Hodrich-Prescott (HP) filter. 
Following others, we too use the deviation from the trend in constructing the 
correlation coefficients. 

3  The Results 

Annual data over the period 1980–2011 are used to carry out the empirical 
exercise. Following previous research we first try to produce the S-Curve 
between China and the rest of the world by using aggregate trade flows between 
China and the rest of the world. Therefore, to conform to aggregate data and to 
be consistent, the real effective exchange rate is used in place of the bilateral rate. 
However, by way of construction since the real effective exchange rate is defined 
in a manner that an increase reflects a real appreciation, we use its inverse so that 
an increase reflects a real depreciation. Fig. 1 depicts the S-Curve based on 
China’s aggregate trade balance and the real effective rate of the yuan. 
                                                        
1 This definition of the real trade balance follows Backus et al. (1994) and others. For a review 
article on the S-Curve and its alternative concept, i.e., the J-Curve see Bahmani-Oskooee and 
Hagerty (2010). For a method of testing the J-Curve see Bahmani-Oskooee (1985).  
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Fig. 1  The S-Curve between China and the Rest of the World 
 
As can be clearly seen from Fig. 1, the S-Curve is supported and implies that 

yuan depreciation will improve China’s trade balance with the rest of the world. 
One question, however, is: Will all trading partners be affected equally? After 
all, import and export demands between China and each of its trading partners 
have different price elasticities and may react differently to currency 
depreciation. To identify trading partners against which China will enjoy an 
improvement in its trade balance, we construct and report the S-Curves at the 
bilateral level in Fig. 2.2 

 

 

                                                        
2 The approach here follows Bahmani-Oskooee and Ratha (2007) who introduced the S-Curve 
at the bilateral level between the U.S. and its major partners.  
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Fig. 2  The S-Curve between China and Its Trading Partners 
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It is clear from Fig. 2 that the S-Curve is supported in most cases. The 
exceptions are Finland, Chinese Hong Kong, the Netherlands, Peru, Saudi Arabia, 
Singapore, Sweden, and Thailand. These are the countries that do not contribute 
to China’s aggregate trade surplus from the depreciation of the yuan. It appears 
that in both groups, there are small as well as large trading partners as reflected 
by each partner’s trade shares over time. This information is provided in Table 1.3 

 
Table 1  Trade Shares and the S-Curve 

Trading Partners 2007 2008 2009 2010 2011 Support for 
the S-Curve 

United States 0.139455 0.130653 0.135613 0.12965 0.1219 Yes 

Japan 0.108563 0.104279 0.103797 0.099704 0.0938 Yes 

Chinese Hong Kong 0.090667 0.079569 0.07932 0.076554 0.0763 No 

Germany 0.043307 0.044957 0.047988 0.04789 0.0465 Yes 

Australia 0.020127 0.02286 0.027156 0.029224 0.0315 Yes 

Malaysia 0.021361 0.020902 0.023509 0.024943 0.0247 Yes 

Brazil 0.01367 0.018907 0.019238 0.021013 0.0232 Yes 

Netherlands 0.021318 0.020032 0.018957 0.018891 0.0187 No 

Thailand 0.015929 0.016075 0.017304 0.017804 0.0178 No 

Saudi Arabia 0.011665 0.016347 0.014763 0.014534 0.0177 No 

Singapore 0.021711 0.020473 0.02168 0.019135 0.0173 No 

Indonesia 0.011499 0.012343 0.012821 0.014367 0.0166 Yes 

United Kingdom 0.01814 0.017826 0.01775 0.016836 0.0161 Yes 
France 0.015559 0.015296 0.015712 0.015119 0.0144 Yes 
Italy 0.014441 0.014948 0.014182 0.015173 0.0141 Yes 
Canada 0.013955 0.013501 0.013424 0.012439 0.0129 Yes 
Mexico 0.006884 0.006854 0.007323 0.008298 0.0092 Yes 
Philippines 0.014091 0.011169 0.009305 0.009334 0.0089 Yes 
Chile 0.006741 0.00684 0.007931 0.008668 0.0086 Yes 
Spain 0.009673 0.010237 0.008331 0.008205 0.0075 Yes 

(To be continued) 

                                                        
3 Note that Bahmani-Oskooee and Ratha (2010) also investigated the S-curve between China 
and the US, although their main intention was to disaggregate trade data between the two 
countries by commodity. At the bilateral level their S-curve is somewhat different from the 
one produced in this paper. The main reason is the definition of the trade balance. In 
Bahmani-Oskooee and Ratha (2010) since the reporting country was the US, the trade balance 
was defined as the U.S. net exports deflated by the U.S. GDP. However, here the trade balance 
is that of China deflated by China’s GDP. Thus, it appears that units of measurement matter.  
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(Continued) 

Trading Partners 2007 2008 2009 2010 2011 Support for 
the S-Curve 

Argentina 0.004544 0.005629 0.003531 0.004343 0.0041 Yes 
Sweden 0.004002 0.003965 0.004356 0.003904 0.0038 No 
Peru 0.002748 0.002908 0.002842 0.00325 0.0034 No 
Finland 0.004767 0.004244 0.003535 0.003204 0.0026 No 

Note: Total trade share is defined as the ratio of the sum of China’s exports to and imports 
from each partner divided by the sum of China’s exports to and imports from the entire 
world. Based on this measure, the 24 partners in the table account for 60% of China’s 
trade. 

4  Summary and Conclusion 

China is said to manipulate its currency in order to gain international 
competitiveness and enjoy a trade surplus. Has China reaped the fruits of its action? 
The S-Curve is a concept that could be used to provide an answer. It hypothesizes 
that adjustment lags will cause currency devaluation or depreciation to improve the 
trade balance in the future. Hence, the correlation between the current exchange rate 
and the future trade balance must be positive while the same correlation between the 
current exchange rate and past values of the trade balance is negative. 

The main purpose of this paper is to test the S-Curve hypothesis between China 
and the rest of the world first. Our empirical approach using the S-Curve concept 
provides a positive answer to the above question since the S-Curve is supported 
when we use trade flows between China and the rest of the world and the real 
effective exchange rate. In an effort to determine which trading partners benefit and 
which do not, we disaggregate the trade flows by China’s trading partners and test 
the S-Curve hypothesis using bilateral trade flows and the real bilateral exchange 
rate between China and each of her 24 largest trading partners. We find that while 
the S-curve is supported in 16 cases, it is not supported by the results from the 
remaining eight partners. A possible explanation could be the low price elasticities 
for goods traded with the latter group. Based on the trade shares, in both groups 
there were large and small trading partners. 
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Appendix Data Definition and Sources 

All data are taken annually over the period from 1980–2011 and are collected 
from the following sources: (a) International Financial Statistics of IMF; (b) 
Direction of Trade Statistics (from IMF); (c) World Bank; (d) DataMarket: 
http://datamarket.com/data/set/19vw/euroecu-exchange-rates-annual-data#!display 
=table. 
TBJ  = net exports defined as China’s exports to trading partner i minus its 

imports from the same partner deflated by China’s GDP. Trade flows between 
China and each partner in terms of U.S. dollars come from source (b). China’s 
GDP in U.S. dollars also comes from source (c). 
REXJ = bilateral real exchange rate between yuan and each partner’s currency 

is defined as (PJ*NEX / PCH) where NEX is the nominal bilateral exchange rate 
defined as the number of Chinese yuan per country J’s currency; PCH is the 
Chinese price level, and PJ is the price level in trading partner J. The price levels 
are all measured by GDP deflators and the data come from source (c). 

Bilateral exchange rates are calculated using the rates against the U.S. dollar 
and they all come from source (a). However, for Finland, France, Germany, Italy, 
the Netherlands and Spain, the dollar-euro rate (from source (d)) and the 
yuan-dollar rate from source (a) had to be used to generate the yuan-euro rate. 
The real effective exchange rate of the yuan which was used in generating the 
S-curve at the aggregate level comes from source (a). 
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