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Abstract 

This article aims to examine the exchange rate pass through (ERPT) into China’s export prices of various 

industries under the GB/T classification by the Chinese customs. We apply available data of export prices, 

nominal effective exchange rates, costs of production and global demand from July 2005 to February 2017 

to an Auto-Regressive Distributed Lag Model (ARDL), bounds test as well as an error correction model 

(ECM), and study the long- and short-term impact of exchange rate movements on China’s export prices. 

By obtaining the pricing elasticity relative to the value of renminbi (RMB), we estimate China’s Long-term 

ERPT into export prices to be around 20%. The majority of Chinese exporting industries choose producer 

currency pricing strategy, which in the context of steady appreciation of the RMB in the last decade, shows 

that Chinese exporters have gained price-setting power on a global scale. The speed of adjustment to export 

price shock varies among industries, but generally quite rapid as most of the adjustment is completed within 

the first 6 months after the shock. The fast adjustment to price shocks is consistent with the high level of 

competitiveness within China’s exporting sectors. 

1. Introduction 

The Exchange Rate Disconnect Puzzle has been the center of debate in international economics 

since the millennial. (Obstfeld and Rogoff, 2000) It differs from other macroeconomic research 

topics, such as bias in trade, saving-investment and equity portfolios in its focus on the dynamic 

covariation between price behaviors, instead of quantities, and other macroeconomic variables. 

Exchange rate pass-through (ERPT) refers to the elasticity between import/export prices and 

domestic price levels that results from fluctuations in exchange rate under the conditions of 

constant markups of price over cost and constant marginal costs. The degree of ERPT depends on 

the pricing strategy of exporters, employing producer currency pricing (PCP) when ERPT is high 

or local currency pricing (LCP) when ERPT is low. Straightforward as such definition seems, 

concurrent empirical models are far from comprehensively understanding the weak short-term 

connection between exchange-rate variability and international balance of payment. The 

conventional view on ERPT is that when an exporter’s home currency appreciates, the 

“expenditure-switching effect” would lead to more exports and less imports in the importing 

country, upgrading the importing country’s trade balance. At the micro level, high-productivity 

firms are able to raise prices rather than reducing quantities when their home currency depreciates, 

while low-productivity firms become price-takers in the export market due to a lack of market 

power (Berman et al., 2012). However, recent studies suggest that the underlying dynamics 

between exchange rate changes and aggregate trade balance are far more complex and challenging 

for researchers.  

In this project, we choose China as the target of research, and examine the impact of RMB 

revaluation on China’s export price elasticity. Since Deng Xiaoping initiated China’s economic 

reform in 1978, China’s proportion of global exports has grown from less than 1% to 13.8% in 

2015, the highest share that any country has achieved since the United States in 1968.1 Ollivaud et 

al. (2015) and Ahmed et al. (2016) assert that greater integration of global value chains (GVCs) 

contributes to the Exchange Rate Disconnect Puzzle and “Elasticity Pessimism” (Machlup, 1950). 

The escalating growth of the Chinese economy and China’s significant role in GVCs make the 

respondent effect by the movements in RMB valuation on China’s trade a relevant research topic. 

Moreover, the recent change in China’s exchange rate regime adds another layer of myth to this 

issue. Following decades of the RMB being de facto pegged to the U.S. dollar, the Chinese 
                                                             
1 See United Nations Conference on Trade and Development (2015) and IMF Working Paper “China and Asia in 
Global Trade Slowdown” (2016) for China’s import and export trends in recent years. 
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authorities began to reform the RMB exchange rate regime in July 2005.2 The reform was defined 

as a managed float based on the market supply and demand for the RMB with reference to global 

currencies.3 Then an important question is raised: How does China’s export respond to a more 

flexible RMB regime? 

To address this question, we set our horizon beyond July 2005, the beginning of China’s floated 

exchange rate regime. We use monthly industry-level export indices between July 2005 and 

February 2017, with export unit value indices (EUVI) as export prices and producer price indices 

(PPI) as proxy for production costs. We use nominal effective exchange rate (NEER) of RMB at 

monthly frequency for the same period. It is notable that the NEER of RMB exhibits a steady rise 

during this period, amounting to a 43.15 % appreciation between July 2005 and the end of 2015 

before depreciating 6.80% between 2016 and February 2017. In addition, between 2008 and 2010 

shows a 10.25% depreciation of RMB due to a temporary central control after the 2008 financial 

crisis. Based on the ARDL model, we analyze the long- and short-term relations between export 

prices and exchange rates variation across 26 Chinese exporting industries. The structure of this 

article is as the following: section 2 offers a brief literature review on EPRT for both advanced 

economies and China; section 3 introduces the data for our analysis; section 4 and 5 lay down the 

empirical methodology and discuss the empirical results; and section 6 offers conclusion remarks. 

2. Literature Review 

Empirical research on the relationship between goods prices and exchange rates in advanced 

economies has been abundant since the collapse of Bretton Woods in the 1970s. Goldberg and 

Knetter (1997) summarizes three strands of literature on goods prices and exchange rates: the law 

of one price, exchange rate pass through and pricing to market. The research on the elasticity of 

import/export demand and exchange rate is often intertwined with that on trade balance and 

balance of payments. For instance, despite the diligent adjustments of the USD/JPY bilateral 

exchange rate through the Plaza Accord in the 1980s, the U.S. trade imbalance condition was not 

effectively improved in the following decade.4 The prevalence of U.S. trade deficit incentivized 

researchers to study incomplete ERPT, a phenomenon where local currency prices of foreign 

products do not respond fully to exchange rate movements. 

ERPT research usually embodies behavioral analyses of import/export industries. Feenstra (1989) 

shows that under the condition of symmetric response of import/export prices to changes in 

bilateral exchange rates and import tariff, ERPT research contributes to strategic decision-making 

in price-setting as well as trade policy. Industry-level pass-through research controls for production 

costs index and the exchange rate when estimating the patterns of import/export prices, which is 

widely applicable in predicting firm-level pass through decisions. (See appendix 1) Krugman 

(1987) develops the “pricing to market” (PTM) theory and lays the theoretical groundwork for 

Marston (1990) and Knetter (1989). The PTM theory suggests that in the context of imperfect 

competition and market segmentation in the global market, industry producers maximize corporate 

profits and maintain market power by intentionally adjusting exchange rate changes into price 

                                                             
2 According to the 2010 European Central Bank Monthly Bulletin, from 1994 to 2005, a USD was worth 8.28 RMB; 
RMB steadily appreciated against the USD by around 21% from 2005 to 2007. 
3 Content extracted from People’s Bank of China Statement, 2010. 
4 Goldberg and Knetter (1997) demonstrates that the USD was worth 113 JPY on January 5, 1994, and 80 JPY on 
April 19, 1995, representing a 34% appreciation of JPY against USD. However, there was little change in the dollar 
price of imports associated with this exchange rate fluctuation, and the U.S. still run a trade deficit. 
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mark-ups, and developing various pricing strategies in different oversea markets (Krugman, 1987). 

Generally, larger firms absorb more exchange rate variations in their export mark-up adjustment, 

indicating less elastic export volumes. Bodnar et al. (2002) demonstrate with Japanese firm-level 

data that for a profit-maximizing exporting firm, an increase in the substitutability between home- 

and foreign-produced goods leads to a decline in ERPT and a rise in exchange rate exposure when 

the firm’s market share is held constant; and an increase in the firm’s market share reduces both 

ERPT and exchange rate exposure when substitutability is held constant. Campa and Goldberg 

(2005) show that exports from 23 OECD countries into the U.S. have short-run ERPT of 23%, 

long run ERPT of 42%, and almost complete ERPT beyond the long run horizon. Berman et al. 

(2012) find only modest effect of changes in exchange rates on import prices, consumer prices and 

the volumes of imports and exports in France. 

Unlike advanced economies, ERPT research has not been exhaustively conducted on China due to 

a variety of limitations. As acknowledged by Marquez and Schindler (2007), due to strict state 

control on trade quantity prior to 1978 and rigid exchange rate regime prior to 2005, neither 

import/export prices nor the exchange rate played a distinctively significant role in China’s trade 

until the recent decade. Economists were able to form deeper understanding on the ERPT 

conditions of China’s trade after the 2000s. Among the small amount of literature on this issue, 

there is little consensus on the relationship between China’s bilateral real exchange rate and 

export/import prices, though many find disaggregating China’s exports into ordinary products and 

processed/assembly products relevant for modeling China’s trade. Thorbecke and Smith (2010) 

find a unit exchange rate elasticity for Chinese ordinary exports, and 0.4 for processed exports. 

Marquez and Schindler (2007) find that a 10% real appreciation of the RMB is estimated to lower 

the share of aggregate Chinese exports by nearly 1 percentage point between 1997 to 2006, but the 

separate effects of exchange rate shocks on price and volume are unidentifiable. Li et al. (2013) 

show moderate volume elasticity and low ERPT into RMB export prices at various aggregation 

levels with firm-level data from 2000 to 2007. A 10% real appreciation of the RMB reduces export 

prices by only 0.5%; and RMB appreciation has insignificant effect on China’s export volume and 

overall trade surplus. They suggest that such low ERPT imply high competitiveness and low profit 

margins in Chinese exporting industries, which handicap the “price to market” ability of Chinese 

exporters. Tang and Zhang (2012) quantify the effect of exchange rate shocks on extensive margin 

and intensive margin of China’s aggregate trade between 2000 and 2006. They conclude that, on 

the extensive margin, a 10% real appreciation of the RMB leads to a 1 percentage point drop in a 

firm’s probability of entering the exporting markets and a 0.2 percentage point rise in the 

probability of market-exit; on the intensive margin, the exchange rate elasticity of Chinese exports 

is estimated to be around 0.4 in the first year after exchange rate shocks and most of the pricing 

adjustment occurs within the first 6 months, which is consistent to the intense competition in 

China’s exporting sectors.  

In sum, the impact that exchange rate volatility on China’s trade is not a prolific research area. The 

methodology and conclusions by existing literature also vary considerably. This article contributes 

to the existing literature with its focus on cointegration analysis. The estimation of level 

relationships has been an integral part of time series econometrics, but the existence of such 

relationships is often assumed rather than tested. The bounds test that we include as part of our 

methodology guides us to detect long-term equilibrium relationships between export price 

behaviors and exchange rate, industry production costs and global demand throughout the span of 
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our data.5 In addition, our up-to-date dataset allows us to analyze recent pricing strategies of 

China’s exporting sectors during a period of volatile RMB exchange rate and trade deregulation.  

3. Data 

We select the export unit value indices (EUVI) from CEIC as the measurement for aggregate 

export prices of Chinese exporting industries under GB/T classification by the Chinese customs 

from July 2005 to February 2017. We take the average of EUVI for each industry from 2004 as 

the base period for future series. The indices are compiled from detailed export merchandise trade 

data derived from administrative customs documents. The 26 industries under GB/T that contain 

sufficient data for all the relevant variables for this research include: agriculture and sideline food, 

beverage, chemical fiber, comprehensive utilization of resource waste, computer/communication 

and other electronic equipment, chemical material and product, coal, electricity/heat production 

and supply, electrical machinery and equipment, fabricated metal product, ferrous metal, food, 

furniture, general equipment, non-ferrous metal, non-ferrous smelting and pressing, non-metal 

mineral, non-metallic mineral product, paper making, petroleum and natural gas, pharmaceutical, 

printing and record medium reproduction, special equipment, textile, tobacco, and wood 

processing, wood, bamboo, rattan, palm and grass product.  

The RMB exchange rate included in this research is the nominal effective exchange rate (NEER) 

indices provided by the Bank for International Settlement (BIS) between July 2005 and February 

2017. Since China’s exchange rate regime was introduced in July 2005, we set the average of 

NEER from 2004 as the base period. Other measures for effective exchange rate include the IMF 

and the Federal Reserve Board (FRB). Marquez and Schindler (2007) examine the relationship 

between real RMB appreciation and China’s export shares with BIS, IMF and FRB real effective 

exchange rates, and obtain similar results across all three measurements. Therefore, this paper only 

adopts the BIS NEER indices. The Augmented Dickey-Fuller Test (ADF) cannot reject the null 

hypothesis that the RMB NEER index is non-stationary, as shown in figure 1. 

We choose Producer Price Index (PPI) as the proxy for producers’ marginal costs due to the 

complexity involved with cost data such as raw material and wages. We obtain PPI data from 

CEIC for the period of the research’s interest and set the base period to the earliest period, the year 

2000, assuming identical PPI for every month. Regretfully, due to changes in PPI industry 

descriptions in 2011, we encounter some friction when matching the PPI industries with EUVI 

industries, therefore this research is compelled to abandon the following 10 industries under GB/T: 

rubber and plastic product, cultural/educational/sports articles, gourmet and apparel manufacturing, 

leather/fur/feather product and shoes, automobile, transportation equipment, instrument and meter, 

handicraft and other manufacturing, gas production and supply, water production and supply. 

Since we aim to examine industry-specific ERPT conditions, such omission of industries should 

not cause sample selection bias to our analysis. Table 1 shows the unit root test results for EUVI, 

PPI and their first differences for all 26 industries that we include in this research. 

We proxy global demand for each industry’s exported goods with the United States total import 

from the world excluding China. The U.S. is one of the largest importers in the world whose import 

volume serves as a proper indicator for global demand. We exclude U.S. import from China to 

avoid the possibility of endogeneity in our regressions. We obtain monthly data from the United 

States Census Bureau for the same period and set January 2005 as the base period. Figure 2 shows 

                                                             
5 For more specific explanations on the bounds test, refer to Pesaran, Shin and Smith (2001). 
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that the Augmented Dickey-Fuller Test (ADF) rejects the null hypothesis that the U.S. import 

excluding China is non-stationary through the period of our data. 

Figure 1: BIS Nominal Effective Exchange Rate 

 

Source: Bank of International Settlement 

Figure 2: United States Total Imports Excluding China  

 

Source: United States Census Bureau 
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4. Methodology 

We refer to the empirical framework by Bailliu and Bouakez (2004) and Hong and Zhang (2016), 

and claim no novelty about the design of equation (1) through (3).6 According to Krugman’s PTM 

theory, exporters develop discriminatory prices in various destination markets. For the purpose of 

studying the effect that exchange rate volatility has on China’s export prices, we shall first 

determine the pricing behaviors by the Chinese exporters. Since firm-level transaction prices and 

production costs data are out of the picture for this article, we cannot pursue the interest in firm 

heterogeneity as do Tang and Zhang (2011). We are also unable to disaggregate China’s exports 

into “ordinary” and “processed/assembly” goods, which is claimed to be a relevant factor to ERPT 

research by Marquez and Schindler (2007) and Lau et al. (2004).  Regardless of firm heterogeneous 

responses to exchange rate shocks, under imperfect competition, exporters maximize profits with 

the following simple equation:  

𝑀𝑎𝑥 𝜋𝑖 = 𝑒𝑃𝑖
𝑥 𝑄𝑖 − 𝐶𝑖(𝑄𝑖 , 𝑊𝑖 )                                                  (1) 

i denominates industries; e stands for the exchange rate; 𝑃𝑖
𝑥  represents Chinese exporter’s price of 

exporting goods; 𝑄𝑖 is the global demand for Chinese exports; production costs in China, 𝐶𝑖, is 

jointly determined by 𝑄𝑖 and the input prices in China, 𝑊𝑖 . Therefore, the optimal pricing strategy 

for a Chinese exporter becomes: 

𝑃𝑖
𝑥 =

𝑀𝐶𝑖

𝑒
×

𝜌𝑖

𝜌𝑖−1
=

𝑀𝐶𝑖

𝑒
×𝜇𝑖                                                     (2) 

𝑀𝐶𝑖 denominates Chinese producer’s marginal costs; 𝜇𝑖 represents markups over marginal costs, 

which depends on price elasticity of demand for Chinese exported goods, 𝜌𝑖 . It is notable that 𝜇𝑖 

and 𝜌𝑖  are dependent on a variety of factors, such as input prices (raw materials and intermediate 

goods), global demand for Chinese exports, and mark-up prices in foreign markets. We simplify 

the relationship in equation (2) by only controlling for the major variables: exchange rate (e), 

industry production cost (w), foreign market demand (y), and obtain a base model for our ERPT 

research: 

𝑃𝑡 = 𝑐 + 𝛼1𝑒𝑡 + 𝛼2𝑤𝑡 + 𝛼3𝑦𝑡 + 휀𝑡                                              (3) 

Since unit root test results from Figure 1 and Table 1 suggest that most variables from equation (3) 

are not stationary time series, we evaluate the long- and short-term relationship between export 

prices and exchange rate with cointegration techniques under the autoregressive distributed lag 

(ARDL) framework. The ARDL model has apparent advantages over conventional cointegration 

testing as it copes with a mixture of I(0) and I(1) data; it only demands a single equation set-up; 

and it allows different variables to be assigned different numbers of lags.7 We intend to compare 

the short- and long-term dynamics among the variables with the base period, therefore taking the 

logarithm for the variables is not necessary. In addition, as our industry EUVI and PPI data is not 

seasonally adjusted, we include monthly binary variables. We do not consider a trend variable 

necessary due to the absence of trend in the data series. We also include a crisis binary variable 

                                                             
6 Bailliu and Bouakez (2004) suggest that the pass through process consists of two stages: 1) Exchange rate changes 
are transmitted into export prices; 2) The changes in export prices are transmitted into consumer prices. In this 

article, we are only concerned with the former exporter-level ERPT. 
7 See Koyck (1954), Almon (1965), Schmidt and Ward (1973) and Giles (1975) for conventional cointegration 
testing methods. D. Giles (2015) offers summary for the development of the ARDL model. 
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that takes the value of 1 for the period between October 2008 and December 2009, and 0 for any 

other period. 

Based on equation (3), we obtain a base ARDL model: 

𝑃𝑡 = 𝑐 + ∑ 𝛽1𝑘 ×𝑃𝑡−𝑘 + ∑ 𝛽2𝑘 ×𝑒𝑡−𝑘
𝑃1
𝑘=0 + ∑ 𝛽3𝑘 ×𝑤𝑡−𝑘 + ∑ 𝛽4𝑘 ×𝑦𝑡−𝑘 + ∑ 𝛽5𝑚×𝐷𝑚

𝑚=11
1

𝑃3
𝑘=0 +

𝑃2
𝑘=0

𝑃0
𝑘=1

𝛽6×𝐷𝑐𝑟𝑖𝑠𝑖𝑠 + 휀𝑡                                                                                                                                           (4)                                                                                                                                             

The numbers of lags for 𝑃𝑡 , 𝑒𝑡 , 𝑤𝑡  and 𝑦𝑡 , namely k on the right-hand side of the regression, are 

determined either arbitrarily to be 6, or by the Akaike Information Criterion (AIC) after setting the 

maximum lag number at 6. We will later report the output separately. Table 1 shows that all EUVI 

and PPI indices become stationary after taking first-differences. Therefore, all of the series in our 

dataset feature I(0) or I(1). Another important presumption of the base ARDL bounds test is that 

the error term (휀𝑡) must not be serially correlated (Engle and Granger, 1987). Table 2 shows that 

the Durbin-Watson statistic for each industry is stable around the critical value, suggesting that 휀𝑡 

is serially independent and the parameter estimates are consistent in equation (4). 8  We then 

proceed to the ARDL bounds test to detect the long-term equilibrium relationship between export 

prices and exchange rate, production costs and foreign demand in each industry.  

ARDL Bounds Test:  

∆𝑃𝑡 = 𝑐 + ∑ 𝛽1𝑘 ×∆𝑃𝑡−𝑘 + ∑ 𝛽2𝑘 ×∆𝑒𝑡−𝑘
𝑃−1
𝑘=0 + ∑ 𝛽3𝑘×∆𝑤𝑡−𝑘 + ∑ 𝛽4𝑘 ×∆𝑦𝑡−𝑘

𝑃−1
𝑘=0 + 𝜆0𝑃𝑡−1 +𝑃−1

𝑘=0
𝑃−1
𝑘=1

𝜆1𝑒𝑡−1 + 𝜆2𝑤𝑡−1 + 𝜆3𝑦𝑡−1 + ∑ 𝛽5𝑚×𝐷𝑚
11
𝑚=1 +𝛽6×𝐷𝑐𝑟𝑖𝑠𝑖𝑠 + 휀𝑡                                                                           (5) 

The ARDL bounds test incorporates Wald tests (F-statistics) to determine the joint significance of 

lagged variables (𝜆0, 𝜆1, 𝜆2, 𝜆3), regardless of whether the regressors are purely I(0), purely I(1) 

or mutually cointegrated. 9  The underlying null hypothesis of the bounds test is that 

𝜆0=𝜆1=𝜆2=𝜆3=0, ergo no long-term equilibrium relationship exists between our dependent and 

independent variables. The bounds test proposes a range of critical F-values, the bounds of which 

are defined as if the regressors are all purely I(0) and purely I(1). If the bounds test yields an F-

statistic that is lower than the proposed critical value range (the “I(0) bound”), the null hypothesis 

cannot be rejected, and long-term cointegration among the variables is unlikely. If the bounds test 

reports an F-statistic that is higher than the critical value range (the “I(1) bound”), the null 

hypothesis is rejected, and a long-term equilibrium relationship between the dependent variable 

and independent variables can be inferred. If the F-statistic falls within the critical value range, the 

cointegrating relationship is inconclusive. The numbers of lags in equation (5) should be consistent 

with those from equation (4). Under the condition where the null hypothesis of the bounds test is 

rejected, the ECM serves as the following step to test for the magnitude of long-term relationship 

and the persistence of short-term relationship.  

ARDL Error Correlation Model (ARDL-ECM): 

𝑃𝑡 = 𝑐 + 𝐴1𝑒𝑡 + 𝐴2𝑤𝑡 + 𝐴3𝑦𝑡 + ∑ 𝐴5𝑚 ×𝐷𝑚 +11
𝑚=1 𝐴6×𝐷𝑐𝑟𝑖𝑠𝑖𝑠 + 𝐸𝐶𝑇𝑡                       (6)                

                                                             
8 In this article, we conform to the widely accepted DW critical value of 2. 
9 Pesaran, Shin and Smith (2001) note that the ARDL model uses Dicky-Fuller type regressions to test the 
significance of lagged levels of the variables. The asymptotic distributions are non-standard under the null 
hypothesis that no relationship in levels exists between the included variables, irrespective of the unit test results. 
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∆𝑃𝑡 = 𝑐 + ∑ 𝛽1𝑘×∆𝑃𝑡−𝑘 + ∑ 𝛽2𝑘 ×∆𝑒𝑡−𝑘
𝑃1 −1
𝑘=0 + ∑ 𝛽3𝑘 ×∆𝑤𝑡−𝑘 + ∑ 𝛽4𝑘

𝑃3 −1
𝑘=0 ×∆𝑦𝑡−𝑘 +

𝑃2 −1
𝑘=0

𝑃0 −1
𝑘=1

∑ 𝛽5𝑚×𝐷𝑚
11
𝑚=1 + 𝛽6×𝐷𝑐𝑟𝑖𝑠𝑖𝑠 + 𝛿×𝐸𝐶𝑇𝑡 −1 + 휀𝑡                                                                                               (7) 

In equation (6) and (7), the error correction representations (𝐸𝐶𝑇𝑡  and 𝐸𝐶𝑇𝑡−1) capture the degree 

of disequilibrium in the cointegrating relationship between export prices and exchange rate, 

production costs and foreign demand (Masih and Masih, 2002). Equation (6) bears the long-term 

equilibrium relationship between 𝑃𝑡  and the explanatory variables. Equation (7) presents the short-

term adjustment in 𝑃𝑡  in forms of 𝛽𝑗 , with parameter 𝛿 reflecting the persistence of the total shocks 

induced by 𝑃𝑡−𝑘  and lagged explanatory variables. Our ERPT research mainly concerns the 

coefficients associated with the exchange rate variables in both regressions, the long-term 

coefficient 𝐴1 and short-term coefficient 𝛽2. In theory, 𝛿 takes values between -1 and 0 whose 

magnitude implies the proportion of total disturbance that wears out in each period following a 

shock (Pesaran et al., 1996). 𝛿 is a meaningful parameter as it can be used to interpret the speed of 

adjustment in China’s export prices after shocks in exchange rate, production costs and global 

demand take place.  

Methodologically, the error correction term (𝐸𝐶𝑇𝑡 ) in equation (6) takes the values from the 

residuals of equation (3). As we discussed in the data description section, Table 2 shows that these 

residuals follow I(0) for all industries. We construct the 𝐸𝐶𝑀𝑡−1 term in equation (7) by generating 

one-period lags of these residuals. Coherent to the bounds test, the numbers of lags in equation (7) 

should be consistent with those from equation (4).  

5. Empirical Results and Analysis 

We use two lag selection methods when conducting the ARDL bounds test: 1) fix lags at 6 for all 

industries; 2) set the maximum number of lags to be 6 and choose lags for each industry based on 

AIC values. Table 3 shows the bounds test result. 

14 out of 26 industries yield higher F-statistic than the I(1) upper bound at 10% significance level 

when lags are fixed at 6, namely chemical material and product, coal, comprehensive utilization 

of resource waste, fabricated metal product, food, furniture, general equipment, non-ferrous metal, 

non-ferrous smelting and pressing, non-metal mineral, petroleum and natural gas, printing and 

record medium reproduction, textile, and wood processing, wood, bamboo, rattan, palm and grass 

product. 8 more industries pass the bounds test with higher than I(1) upper bound F-statistic at 10% 

significance level when we rely on AIC values to choose lags, namely agriculture and sideline 

food, beverage, electricity and heat production and supply, ferrous metal, non-metallic mineral 

product, paper making, pharmaceutical, and tobacco. Evidence suggests that long-term 

cointegrating relationships between export prices and exchange rate, production costs and global 

demand exist in these 22 industries from July 2005 to February 2017. We then carry on the 

procedure with long-term and short-term ARDL-ECM to test for the ERPT ratio and speed of 

adjustment for each industry.  

Figure 3 and Figure 4 report the coefficients of NEER (𝐴1) from the long-term ARDL-ECM 

regression.10 At a glance, China’s aggregate long-term ERPT into export prices is estimated to be 

-0.266 if the variation of all variables from the past 6 periods is considered, and -0.162 if the 

number of periods accounted for is chosen by AIC values. This finding suggests that the volatility 

in the value of RMB is not completely translated into China’s export prices. As the RMB 

                                                             
10 See Table 4 for the output table. 
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appreciates by 1 unit in NEER, Chinese exporters only lower their export prices by around 0.2 unit 

in EUVI. In addition, long-term ERPT vary greatly across industries among our observations. 

 Table 3: Bounds Test 

Around 70% Chinese exporting industries adopt producer currency pricing (PCP) strategy when 

passing exchange rate volatility into foreign markets. 10 out of 14 (71.4%) industries bear 

insignificant coefficients when lags are fixed at 6, as do 15 out of 22 (68.2%) industries when lags 

are determined based on AIC. For these industries, we fail to reject the null hypothesis that the 

long-term ERPT is 0. To put differently, export prices of these industries do not reflect RMB 

revaluation. In the context of steady RMB appreciation in the last decade, as illustrated by figure 

1, exporters of these industries show global price-setting power by selling commodities at higher 

relative prices in foreign markets when the RMB becomes more valuable. 

Moreover, furniture, food and pharmaceutical industries have incomplete long-term ERPT. When 

lags are chosen to be 6, furniture and food industries have significant negative coefficients whose 

absolute values are smaller than 1. In addition to furniture and food, textile and pharmaceutical 

industries yield similar significant coefficients when lags are determined based on AIC. In these 4 

industries, 1 unit increase in the value of RMB is associated with a less than 1 unit decrease in 

export prices. In other words, Chinese furniture, food, textile and pharmaceutical exporters share 

the risk of exchange rate volatility with foreign consumers. 

Industries F-Statistic 

Fixed Lags=6 

F-Statistic 

Lags based on AIC 

Lags 

Lags based on AIC 
Agriculture & Sideline Food 2.056 5.656*** (2, 0, 5, 0) 

Beverage 1.684 3.828** (2, 1, 0, 5) 

Chemical Fiber 1.651 2.901 (2, 3, 0, 3) 

Chemical Material & Product 8.008*** 11.208*** (2, 0, 3, 5) 

Coal 6.678*** 10.758*** (4, 0, 1, 3) 

Comprehensive Utilization of Resource Waste 5.137*** 18.447*** (1, 0, 0, 3) 

Computer, Communication & Other Electronic Equipment 2.129 2.996 (3, 0, 0, 0) 

Electricity, Heat Production & Supply 1.986 16.921*** (1, 0, 2, 1) 

Electrical Machinery & Equipment 2.603 3.14 (3, 4, 0, 4) 

Fabricated Metal Product 7.551*** 11.755*** (2, 6, 4, 1) 

Ferrous Metal 3.158 8.885*** (1, 1, 0, 0) 

Food 3.809** 6.869*** (3, 1, 0, 1) 

Furniture 3.31* 3.791*** (4, 5, 0, 0) 

General Equipment 5.493*** 7.322*** (2, 0, 0, 0) 

Non-Ferrous Metal 5.24*** 5.755*** (6, 3, 0, 2) 

Non-Ferrous Smelting & Pressing 9.734*** 6.404*** (1, 0, 0, 0) 

Non-Metal Mineral 3.621* 7.418*** (1, 0, 6, 1) 

Non-Metallic Mineral Product 1.447 3.556* (3, 0, 0, 0) 

Paper Making 1.549 7.109*** (1, 0, 0, 0) 

Petroleum & Natural Gas 4.212** 8.927*** (6, 1, 1, 0) 

Pharmaceutical 2.7 4.04** (3, 3, 3, 6) 

Printing & Record Medium Reproduction 3.988** 9.58*** (3, 6, 2, 1) 

Special Equipment 1.548 2.881 (3, 2, 1, 3) 

Textile 4.002** 4.616** (4, 6, 1, 1) 

Tobacco 2.935 3.369* (1, 1, 0, 0) 

Wood Processing, Wood, Bamboo, Rattan, Palm & Grass Product 5.636*** 8.086*** (2, 6, 1, 1) 
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Figure 3: Long-term ERPT (Fixed Lags=6) 

 

Note: Statistically significant coefficients are highlighted in red. 

Figure 4: Long-term ERPT (Lags Based on AIC) 

 

Note: Statistically significant coefficients are highlighted in blue. 

The beverage industry exporters adopt local currency pricing (LCP) strategy. The beverage 

industry has significant long-term ERPT of -1.118 at 1% significance level. Such high ERPT 

implies that rise in the value of RMB is fully translated into reduction in export prices of beverage 

goods. The beverage industry is the only industry where exporters do not hold price-setting power 

in foreign markets according to our findings. 

Contrary to our expectations, coal, utilization of resource waste, and electricity and heat production 

and supply industries have significant positive coefficients. The reasons behind these positive 

ERPT ratios are complex. China’s recent campaign to reduce overcapacity in its coal sector 
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brought its coal import to 255.5 million tons in 2016, a 25.2% increase from 2015.11 In the scenario 

where China’s high demand for coal imports drives up the international price at a higher rate than 

the growth rate in the value of RMB, China’s ERPT into the export prices of coal could be positive. 

The validity of this hypothesis is subject to further research. Another potential explanation for 

these positive ERPTs is data mismeasurement.  

Table 5 and Table 6 show the coefficients of NEER (𝛽2) and the coefficients of the error correction 

term (𝛿) from the short-term ARDL-ECM regression. China’s aggregate short-term ERPT into 

export prices is estimated to be -0.066 and -0.025 using two lag selection methods respectively, 

small and statistically insignificant. This finding is consistent with the weak short-term connection 

between exchange rate volatility and global prices, which has been vastly explored by literature. 

Therefore, we set our focus on interpreting 𝛿.  

Figure 5: 𝛿 output by 2 lag selection methods 

 

Note: The crimson, red, orange and green dots represent the 14 industries that pass the ARDL bounds test 

with both lag selection methods. They locate fairly close to the 45-degree line. The yellow dot represents 

the aggregate average values of 𝛿  that are obtained through both methods. Blue dots represent the 8 

additional industries that only pass the bounds test by the AIC lag selection method. We roughly divide the 

industries into 4 tiers according to the magnitude of 𝛿. 

Recall that the 14 industries that pass the previous bounds test with lags fixed at 6 completely 

overlap with the 22 industries with lags chosen based on AIC. Figure 5 shows that two lag selection 

methods yield similar values of 𝛿 for the 14 overlapped industries. It is notable that all the 𝛿 values 

are negative and significant at 1% significance level. The aggregate level 𝛿 yields values close to 

-0.3, implying that on average approximately 90% of the disequilibrium relationship in export 

prices is adjusted within the first 6 months after a price shock takes place. Printing and record 

medium production and utilization of resource waste industries complete the price adjustment 

process within 1 month. Textile, food, beverage, tobacco, agriculture and sideline food, non-
                                                             
11 Reuters (2017), “China’s 2016 coal imports jump 25 percent: customs” reports that China’s recent efforts to 
clean up overcapacity in its coal sector unexpectedly triggered a rally in domestic as well as international coal 
prices. 
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ferrous metal, and ferrous metal industries are estimated to adjust to price shocks relatively more 

slowly. Though the speed of adjustment varies across the 22 industries that are included in our 

short-term ARDL-ECM framework, 15 industries (68.2%) converge to long-term equilibrium 

faster than the aggregate average speed of adjustment. Such rapid adjustment in export prices may 

be associated with the high level of competitiveness within China’s exporting sectors.  

To answer the question of what type of industries adjusts faster to export price shocks than others, 

we find significant relationship between long-term ERPT and the speed of adjustment. We find 

that when we evaluate ERPT in exporters’ home currency (RMB), there appears to be a significant 

negative correlation between long-term ERPT and the magnitude of 𝛿. This finding is consistent 

with Gopinath (2012). Due to lack of sufficient theoretical proof, we do not conclude with this 

relationship, but consider this direction worth exploring for this research. 

6. Conclusions and Limitations 

Using data that ranges from July 2005 to February 2017, we examine the exchange rate pass 

through into export prices and the speed of adjustment to export price shocks for 22 Chinese 

exporting industries. This article contributes to the existing literature on China’s ERPT into export 

prices during recent period of flexible RMB and trade deregulation. We find that long-term 

equilibrium relationship between export prices and exchange rate, production costs and global 

demand exist in most industries. The ERPT into China’s export prices is estimated to be around 

20%. Most adjustment to export price shocks takes place within the first 6 months after the shock. 

Though the industry-level estimations vary across industries, the majority of industries adopt 

producer currency pricing strategy. As the value of RMB increases substantially through the span 

of our dataset, low ERPT into export prices suggests that Chinese exporters have gained price-

setting power internationally. The fast adjustment speed to price shocks implies that China’s 

exporting industries are highly competitive and that China’s exporting activities have become 

market-driven. We also find a negative relationship between industries’ ERPT into export prices 

(in RMB) and their adjustment speed to price shocks, though this interest requires further research 

before we are confident to conclude.  

We notice a few limitations in our research. We do not disaggregate exported goods into ordinary 

and processed/assembly goods. Should firm-industry level data become available, our estimations 

would become more reliable and cover all Chinese exporting industries. Our single nominal 

effective exchange rate measure cannot reflect industry variety in exports as precisely as does 

industry-level bilateral nominal effective exchange rate. Finally, our estimates cannot isolate the 

impact that exchange rate volatility imposes on export prices from export quantity. 
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Table 1: Industry Unit Root Test 

Industries EUVI PPI ∆EUVI ∆PPI 

Agriculture & Sideline Food (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-1.64 -2.062 -15.157*** -5.705*** 

Beverage (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-2.738* -0.505 -15.691*** -10.428*** 

Chemical Fiber (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-2.506 -2.286 -13.340*** -6.707*** 

Chemical Material & Product (c, 0, 3) (c, 0, 1) (c, 0, 2) (c, 0, 2)  
-2.253 -3.283** -4.596*** -4.989*** 

Coal (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-1.831 -1.926 -10.177*** -6.572*** 

Comprehensive Utilization of Resource Waste (c, 0, 1) (c, 0, 3) (c, 0, 2) (c, 0, 1)  
-5.017*** -2.545 -12.276*** -9.486*** 

Computer, Communication & Other Electronic Equipment (c, 0, 2) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-2.121 -2.231 -13.623*** -15.115*** 

Electricity, Heat Production & Supply (c, 0, 1) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-1.072 0.438 -11.254*** -10.864*** 

Electrical Machinery & Equipment (c, 0, 2) (c, 0, 3) (c, 0, 2) (c, 0, 2)  
-1.794 -1.881 -15.760*** -4.878*** 

Fabricated Metal Product (c, 0, 2) (c, 0, 2) (c, 0, 2) (c, 0, 2)  
-2.039 -2.887** -12.690*** -3.530*** 

Ferrous Metal (c, 0, 3) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-2.271 -2.700* -4.723*** -4.851*** 

Food (c, 0, 2) (c, 0, 5) (c, 0, 2) (c, 0, 1)  
-1.651 -2.949** -11.681*** -6.865*** 

Furniture (c, 0, 2) (c, 0, 4) (c, 0, 2) (c, 0, 1)  
-1.612 -3.152** -13.739*** -13.630*** 

General Equipment (c, 0, 1) (c, 0, 6) (c, 0, 13) (c, 0, 5)  
-4.053** -2.234 2.233 -2.283*** 

Non-Ferrous Metal (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-4.039** -1.806 -14.367*** -7.659*** 

Non-Ferrous Smelting & Pressing (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-2.039 -2.166 -12.291*** -6.560*** 

Non-Metal Mineral (c, 0, 2) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-2.920** -1.861 -10.567*** -7.306*** 

Non-Metallic Mineral Product (c, 0, 1) (c, 0, 2) (c, 0, 2) (c, 0, 2)  
-6.079*** -2.1 -11.046*** -5.208*** 

Paper Making (c, 0, 1) (c, 0, 2) (c, 0, 2) (c, 0, 1)  
-5.759*** -2.865* -11.557*** -5.963*** 

Petroleum & Natural Gas (c, 0, 2) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-2.074 -2.865* -12.813*** -6.351*** 

Pharmaceutical (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-2.658* -2.253 -15.772*** -8.851*** 

Printing & Record Medium Reproduction (c, 0, 1) (c, 0, 1) (c, 0, 4) (c, 0, 2)  
-11.431*** -2.273 -9.359*** -9.988*** 

Special Equipment (c, 0, 2) (c, 0, 6) (c, 0, 10) (c, 0, 5)  
-2.770* -1.09 -4.791*** -4.477*** 

Textile (c, 0, 3) (c, 0, 1) (c, 0, 2) (c, 0, 1)  
-2.35 -2.123 -4.294*** -5.140*** 

Tobacco (c, 0, 1) (c, 0, 1) (c, 0, 1) (c, 0, 1)  
-4.287*** -3.393** -14.858*** -16.699*** 

Wood Processing, Wood, Bamboo, Rattan, Palm & Grass Product (c, 0, 1) (c, 0, 3) (c, 0, 1) (c, 0, 2)  
-3.308** -1.878 -18.963*** -4.125** 
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Table 2: Industry Residual Serial Correlation Test 

Industries Durbin-Watson Statistic 

Agriculture & Sideline Food 2.009688 

Beverage 2.011241 

Chemical Fiber 1.907219 

Chemical Material & Product 1.728928 

Coal 1.783562 

Comprehensive Utilization of Resource Waste 2.024565 

Computer, Communication & Other Electronic Equipment 1.991663 

Electricity, Heat Production & Supply 2.078964 

Electrical Machinery & Equipment 2.056474 

Fabricated Metal Product 1.796327 

Ferrous Metal 1.555761 

Food 2.096543 

Furniture 1.93249 

General Equipment 2.042419 

Non-Ferrous Metal 1.955262 

Non-Ferrous Smelting & Pressing 1.859809 

Non-Metal Mineral 1.934595 

Non-Metallic Mineral Product 2.001781 

Paper Making 2.041953 

Petroleum & Natural Gas 2.060262 

Pharmaceutical 1.907586 

Printing & Record Medium Reproduction 2.156607 

Special Equipment 2.008539 

Textile 1.984546 

Tobacco 2.125676 

Wood Processing, Wood, Bamboo, Rattan, Palm & Grass Product 1.941515 
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Table 4: Long-Term Exchange Rate Pass Through 

Industries LR-ERPT 

Fixed Lags=6 

LR-ERPT 

Lags Based on AIC 

Total -0.266*** -0.162***  
(0.034) (0.0309) 

Agriculture & Sideline Food 
 

-0.24   
(0.196) 

Beverage 
 

-1.118***   
(0.322) 

Chemical Material & Product -0.136 -0.122  
(0.126) (0.118) 

Coal 0.89*** 0.548*  
(0.298) (0.282) 

Comprehensive Utilization of Resource Waste 0.583*** 0.357  
(0.193) (0.237) 

Electricity, Heat Production & Supply 
 

0.64***   
(0.105) 

Fabricated Metal Product 0.175 0.177  
(0.183) (0.135) 

Ferrous Metal 
 

-0.289   
(0.329) 

Food -0.77*** -0.796***  
(0.194) (0.155) 

Furniture -0.43*** -0.38***  
(0.157) (0.13) 

General Equipment -0.027 -0.081  
(0.136) (0.137) 

Non-Ferrous Metal -3.642 -2.847  
(2.3) (1.774) 

Non-Ferrous Smelting & Pressing -0.035 -0.114  
(0.106) (0.114) 

Non-Metal Mineral 0.087 0.106  
(0.16) (0.181) 

Non-Metallic Mineral Product 
 

0.395   
(0.282) 

Paper Making 
 

-0.026   
(0.17) 

Petroleum & Natural Gas 0.036 -0.052  
(0.502) (0.335) 

Pharmaceutical 
 

-0.346***   
(0.118) 

Printing & Record Medium Reproduction -0.038 -0.043  
(0.139) (0.115) 

Textile -0.097 -0.103*  
(0.069) (0.061) 

Tobacco 
 

-0.005   
(0.005) 

Wood Processing, Wood, Bamboo, Rattan, Palm & Grass Product -0.096 0.039  
(0.164) (0.132) 
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Table 5: Short-Term Exchange Rate Pass Through (Fixed Lags=6) 

Industries ∆NEER ∆NEER(-1) ∆NEER(-2) ∆NEER(-3) ∆NEER(-4) ∆NEER(-5) ECT(-1) 

Total -0.0656 0.0633 0.101 0.239 -0.277 0.08 -0.291*** 

 (0.0976) (0.157) (0.111) (0.171) (0.187) (0.137) (0.041) 

Chemical Material -0.502** -0.16 0.399 -0.06 0.176 -0.02 -0.356*** 
 

(0.224) (0.258) (0.25) (0.25) (0.244) (0.227) (0.057) 

Coal -1.006 -0.652 -1.692 1.637 -0.956 1.322 -0.587*** 
 

(1.029) (1.124) (1.114) (1.078) (1.05) (0.958) (0.103) 

Comprehensive Utilization of 

Resource Waste 

0.967 -0.947 -0.297 1.937 -3.307** 0.574 -1.16*** 

 
(1.258) (1.408) (1.386) (1.306) (1.31) (1.231) (0.239) 

Fabricated Metal Product -0.374 -0.083 -0.034 -0.941** -0.183 -0.105 -0.762*** 
 

(0.411) (0.467) (0.468) (0.454) (0.444) (0.411) (0.124) 

Food -0.565** 0.394 0.176 -0.073 0.213 -0.382 -0.266*** 
 

(0.268) (0.291) (0.294) (0.284) (0.287) (0.264) (0.063) 

Furniture -0.212 -0.006 0.041 -0.261 -0.111 -0.257 -0.441*** 
 

(0.523) (0.591) (0.599) (0.589) (0.563) (0.493) (0.11) 

General Equipment -0.4 0.749 -0.941 0.329 0.247 -0.226 -0.778*** 
 

(0.587) (0.624) (0.648) (0.613) (0.599) (0.554) (0.159) 

Non-Ferrous Metal 0.185 0.311 1.693 -0.895 0.159 -0.262 -0.172*** 
 

(1.215) (1.308) (1.299) (1.251) (1.266) (1.162) (0.048) 

Non-Ferrous Smelting & Pressing 0.004 0.393 -0.487 0.806* -0.828* -0.098 -0.832*** 
 

(0.411) (0.462) (0.465) (0.447) (0.44) (0.398) (0.116) 

Non-Metal Mineral -0.675 0.529 -0.446 0.298 -1.102** 0.944* -0.492*** 
 

(0.503) (0.557) (0.569) (0.55) (0.537) (0.494) (0.128) 

Petroleum & Natural Gas 1.754 -0.989 1.113 -1.292 -0.608 1.762 -0.6*** 
 

(1.387) (1.588) (1.546) (1.522) (1.484) (1.378) (0.133) 

Printing & Record Medium 

Reproduction 

-0.921 2.671* -0.53 0.503 -0.633 -1.886 -1.078*** 

 
(1.273) (1.383) (1.403) (1.379) (1.388) (1.258) (0.238) 

Textile -0.19 -0.14 0.229 -0.188 0.204 -0.292* -0.29*** 
 

(0.166) (0.186) (0.184) (0.18) (0.177) (0.162) (0.064) 

Wood Processing, Wood, Bamboo, 

Rattan, Palm & Grass Product 

-0.433 0.167 -0.05 -0.027 -0.253 -0.419 -0.523*** 

 
(0.348) (0.38) (0.383) (0.381) (0.383) (0.355) (0.112) 
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Table 6: Short-Term Exchange Rate Pass Through (Lags Based on AIC) 

Industries ∆NEER ∆NEER(-1) ∆NEER(-2) ∆NEER(-3) ∆NEER(-4) ∆NEER(-5) ECT(-1) 

Total -0.025      -0.3*** 

 (0.086)      (0.035) 

Agriculture & Sideline Food -0.313 -0.089 0.023 -0.08 -0.623*** 
 

-0.133*** 
 

(0.196) (0.219) (0.217) (0.212) (0.201) 
 

(0.026) 

Beverage -0.602 
     

-0.295*** 
 

(0.562) 
     

(0.054) 

Chemical Material & Product -0.415** -0.144 0.381* 
   

-0.326*** 
 

(0.208) (0.233) (0.215) 
   

(0.048) 

Coal -0.851 
     

-0.409*** 
 

(0.794) 
     

(0.058) 

Comprehensive Utilization of Resource Waste -0.142 
     

-0.84*** 
 

(0.967) 
     

(0.089) 

Electricity, Heat Production & Supply 1.092* -2.311*** 
    

-0.881*** 
 

(0.629) (0.64) 
    

(0.091) 

Fabricated Metal Product -0.308 -0.082 0.066 -1.022*** 
  

-0.755*** 
 

(0.364) (0.408) (0.413) (0.379) 
  

(0.099) 

Ferrous Metal -0.31 
     

-0.223*** 
 

(0.361) 
     

(0.032) 

Food -0.293 
     

-0.276*** 
 

(0.212) 
     

(0.045) 

Furniture -0.021 
     

-0.4*** 
 

(0.405) 
     

(0.096) 

General Equipment -0.211 
     

-0.615*** 
 

(0.455) 
     

(0.108) 

Non-Ferrous Metal 0.076 
     

-0.175*** 
 

(1.011) 
     

(0.042) 

Non-Ferrous Smelting & Pressing -0.335 
     

-0.376*** 
 

(0.348) 
     

(0.067) 

Non-Metal Mineral -0.408 0.082 0.052 0.561 -1.181** 1.308*** -0.418*** 
 

(0.445) (0.495) (0.495) (0.486) (0.501) (0.442) (0.075) 

Non-Metallic Mineral Product -0.679 
     

-0.486*** 
 

(0.922) 
     

(0.11) 

Paper Making 0.648 
     

-0.5*** 
 

(0.509) 
     

(0.078) 

Petroleum & Natural Gas 1.745 
     

-0.616*** 
 

(1.097) 
     

(0.091) 

Pharmaceutical -0.352 0.011 1.048*** 
   

-0.385*** 
 

(0.322) (0.347) (0.328) 
   

(0.078) 

Printing & Record Medium Reproduction -0.352 2.255** 
    

-1.142*** 
 

(1.125) (1.13) 
    

(0.165) 

Textile -0.267** 
     

-0.28*** 
 

(0.134) 
     

(0.054) 

Tobacco -0.002 
     

-0.234*** 
 

(0.015) 
     

(0.056) 

Wood, Bamboo, Rattan, Palm & Grass Product -0.373 
     

-0.466*** 
 

(0.288) 
     

(0.087) 
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Appendix 1 

𝐶∗(𝑤, 𝑞, 𝑚) = 𝑐(𝑤) + 𝑣(𝑞, 𝑚) 

𝐶∗ denotes the true marginal cost. C represents the measure of costs by a cost index. V is the 

measurement error between true marginal cost and the cost index, driven by quantity q and input 

prices m. (Goldberg and Knetter 1997) 
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