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Abstract 

 
Using a dataset of 3108 dichotomous renminbi (RMB) misalignment estimates from 95 studies, 
we conduct a meta-analysis based on Bayesian model averaging (BMA) to assess the effects of 
study characteristics on these RMB misalignment estimates. The findings demonstrate that 
selected study characteristic types systematically influence RMB misalignment estimates (e.g., 
time series Vs non-time series approach). Though lean towards RMB undervaluation inference, 
results from the BMA meta-analysis and the corresponding median probability model and 
synthetic practice evaluation do not offer a conclusive statistical inference on RMB misalignment. 
Specifically, the evidence varies with the configuration of model specification and does not 
corroborate the RMB undervaluation claim for the periods of “2009–2010” and “2011–2014.” 
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1.  Introduction 

On January 1, 1994, China merged the official and swap exchange rate rates of its currency 

– the Renminbi (RMB) and replaced the dual-rate arrangement with a managed floating exchange 

rate one. Since then, China has taken several steps to enhance the flexibility of the RMB exchange 

rate. One milestone reform is that on July 21, 2005, the People’s Bank of China announced the 

adoption of a “managed floating exchange rate regime based on market supply and demand with 

reference to a basket of currencies.” More recently, on August 11, 2015, China introduced the RMB 

exchange rate formation mechanism that sets the daily central parity rate by referencing the 

previous day’s closing rate, market demand and supply, and a basket of currencies. During a similar 

time span, the daily trading band of the RMB against the U.S. dollar was widened from 0.3% in 

July 2005 to 2% in March 2014 (Cheung et al., 2017). 

[Insert Figure 1. Dollar-based RMB exchange rate and China’ trade surplus] 

Figure 1 shows the dollar-based RMB exchange rate and China’s trade surplus. The RMB 

exchange rate was stable before de-pegging from the U.S. dollar in 2005 and appreciated steadily 

after. At the same time, China’s trade surplus was relatively steady in the 1990s, increased sharply 

in the 2000s until reaching a high point ($298 billion) in 2008, then experienced a decrease 

associated with the 2008 global financial crisis before resuming growth. China’s burgeoning trade 

surplus after its admission to the World Trade Organization in 2001 has put its foreign exchange 

rate policy under scrutiny.  

China’s trade partners, especially the U.S., have frequently blamed China for deliberately 

undervalues RMB and causes their large trade deficits and global imbalances (Benassy-Quere et 

al., 2008; Cline and Williamson, 2011; Morrison and Labonte, 2013). The RMB exchange policy 

has become a source of political controversy. Over the past two decades, the U.S. repeatedly 

threatened to label China as a currency manipulator. Indeed, China was officially cited as a 

currency manipulator between May 1992 and July 1994 (United States Department of the Treasury, 

1992, 1994), and in 2019 (United States Department of the Treasury, 2019).  

Large RMB misalignment generates distortions and factor misallocation and, thus, 

hampers economic growth (Aguirre and Calderon, 2005). An undervalued RMB can cause 

inflation and lead to an overheated economy (Haddad and Pancaro, 2010). In addition to a 

ballooning trade surplus, a persistently undervalued RMB can be a source of China’s huge foreign 

exchange reserves, which can impair monetary policy effectiveness.  
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An overarching question is whether the RMB is undervalued. If it is, then how much the 

RMB is undervalued. Although early studies tend to favor the RMB undervaluation proposition 

(Bergsten and Gagnon, 2012; Funke and Rahn, 2005), the RMB misalignment estimates from 

different empirical studies are quite dissimilar. The empirical evidence on RMB misalignment is 

mixed and not definite. Figure 2 presents yearly the U.S. dollar-based RMB exchange rate and the 

ratio of RMB undervaluation estimates from 95 empirical studies. The ratios range from 37% to 

63% in most years, except for 1994 and 2003–2007 (their ratios are above 70%).  

[Insert Figure 2. U.S. dollar-based RMB exchange rate and the ratio of RMB 

undervaluation estimates] 

Cenedese and Stolper (2012) and Dunaway et al. (2009) note a few possible reasons for 

the variable empirical RMB misalignment estimates. For instance, the choice of the exchange rate 

model specification, and the assumptions underlying a chosen model can lead to substantial 

differences in RMB misalignment estimates. Bineau (2010) and Korhonen and Ritola (2011) 

present two early meta-analysis studies on linkages between RMB misalignment estimates and 

study characteristics. They show that the heterogeneity of RMB misalignment estimates can be 

associated with the definition of the RMB exchange rate, choice of theoretical frameworks and 

estimation methods, publication types, and affiliations of authors.  

The current study extends the previous literature along several dimensions. First, we 

include empirical studies that report RMB misalignment estimates as inclusively as possible. 

Specifically, our sample includes 3108 dichotomous RMB misalignment estimates from 95 

studies.1 The wide coverage minimizes selection biases in examining the heterogeneity of RMB 

misalignment estimates and offers updated evidence of effects of study characteristics on RMB 

misalignment estimates. In addition to an expanded dataset, we consider a large set of study 

characteristics, including choice of data, model specification, estimation procedure, publication 

attributes, and control for China’s policy effect. 

Second, we employ a Bayesian model average (BMA) approach to conduct the meta-

analysis. Although the meta-analysis is designed to explore the link between the variable of interest 

(RMB misalignment estimate in the current case) and the attributes of empirical studies, there is 

                                                 
1 Bineau (2010) and Korhonen and Ritola (2011) consider 130 estimates from 17 studies and 99 estimates from 30 
studies in their exercises, respectively. Cheung and He (2019) cover 937 misalignment estimates from 69 studies. All 
these meta-analyses use RMB misalignment estimates in percentages.  
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no strong theory on what the key study characteristics should be. In practice, there is considerable 

latitude in determining the set of relevant study characteristics; that is, there is uncertainty about 

the model specification of meta-analysis. The BMA approach is an established procedure that 

explicitly accounts for this type of model uncertainty. By overlying meta-analysis with BMA, our 

exercise accounts for both uncertainties of estimating RMB misalignment and selecting the 

appropriate empirical meta-analysis specification, and provides robust evidence of effects of study 

characteristics. 

Third, the BMA meta-analysis allows us to assess the likelihood of RMB misalignment 

using information from all studies in our sample based on a median probability model and synthetic 

practice. In essence, a median probability model includes all the significant study characteristics. 

The synthetic practice method in the current exercise allows us to assess the level of uncertainty 

of RMB misalignment estimates conditional on alternative hypothetical combinations of study 

characteristics and the BMA meta-analysis estimation results (Fan et al., 2020). Since the BMA 

meta-analysis pools information across various empirical studies and model specifications, the 

median probability model and synthetic practice method implicitly aggregate information and 

yields informative inferences about RMB misalignment. 

It is not our intention to debate which reported estimate is better than the other or to 

generate another RMB misalignment estimate. Rather, we focus the discussion of RMB 

misalignment in terms of factors underlying the study-to-study heterogeneity of RMB 

misalignment estimates and extracting information from extant studies. Conceivably, our meta-

analysis that adopts the BMA technique and works with an expanded sample of studies and RMB 

misalignment estimates, a large set of study characteristics, and variables capture policy effects 

can control for uncertainty arising from selecting models in the estimation process. It also 

minimizes selection biases and provides robust results. In so doing, we sharpen our understanding 

of the heterogeneity of RMB misalignment estimates; the results should remind us of the factors 

that can impact statistical influences about RMB misalignment and the limitation of policymaking 

based on selected empirical RMB misalignment estimates. 

The remainder of the paper is organized as follows. Section 2 recaps a few selected views 

on RMB misalignment from the Balassa-Samuelson perspective and possible factors contributing 

to the uncertainties of empirical misalignment estimates. Section 3 presents the meta-sample, the 

meta-statistics, and the study characteristics considered in the current exercise. Section 4 
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introduces the methodology. Section 5 reports the basic BMA results and additional analyses 

including median probability models and synthetic practices. Section 6 offers some concluding 

remarks.  

 

2. RMB misalignment: Selective Views and Uncertainties 

2.1  RMB misalignment: Selective Views 

China’s fast ascent in the global market with a rapid surge in trade surplus has brought its 

RMB policy in the spotlight. The U.S., arguably the most vocal critic of China’s policy, has 

levelled the charge of China that gained a competitive advantage in international trade by 

manipulating the undervaluation of the RMB (United States Department of the Treasury, 2018). 

Bergsten and Gagnon (2012), for instance, share a similar opinion. The U.S. strong view is vividly 

illustrated when, in May 2015, the U.S. Treasury Department reiterated that the RMB is still 

substantially undervalued, just a few hours after the International Monetary Fund stated that the 

RMB is no longer undervalued (International Monetary Fund Communications Department, 

2015).  

Frankel (2006) is one of the early studies that quantifies the degree of RMB misalignment. 

Using a Penn effect regression based on the Balassa-Samuelson hypothesis, Frankel (2006) reports 

that the RMB is undervalued by almost 40% in the 2000s. In essence, the Balassa-Samuelson 

hypothesis states that countries with high productivity growth tend to experience high real 

exchange rates (Balassa, 1964; Samuelson, 1964). Among the empirical specifications using to 

assess RMB misalignment, the Penn effect framework tends to yield the largest estimate of RMB 

undervaluation (Cairns, 2005).2  

However, the implication of the Balassa-Samuelson hypothesis for RMB misalignment is 

not without challenge. For instance, Dekle and Ungor (2013) develop a three-sector model that 

comprises agriculture, manufacturing, and services, in which agriculture and manufacturing are 

viewed as tradable sectors. If only the manufacturing and service sectors are considered, one 

expects the RMB to appreciate due to the relatively fast productivity growth in China’s 

manufacturing sector. However, when the tradable agricultural sector is included, Dekle and Ungor 

(2013) find the productivity gap between the U.S. and China decreases from 1.9% to 

                                                 
2 The Penn effect regression was also adopted in, for example, Almas et al. (2017), Cheung et al. (2007, 2017), Fischer 
and Hossfeld (2014) and Garroway et al. (2012). 
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approximately 0%. They also find the actual RMB–dollar real exchange rate was overvalued in 

the 2000s. Coudert and Couharde (2007) also question the relevance of the Balassa-Samuelson 

effect. These authors, for instance, point out that both international capital mobility and internal 

labor mobility are restricted in China; wage equalization and trade price determination mechanism 

underlying the Balassa-Samuelson argument may not work.  

Fischer and Hossfeld (2014) propose a productivity approach associated with the Balassa-

Samuelson hypothesis to assess international price competitiveness and evaluate currency 

misalignment for 57 industrialized and emerging economies. In the case of China, they find its 

relative productivity and price levels have increased gradually since 2004. However, China’s price 

competitiveness changed from favorable to unfavorable after 2008; the RMB is overvalued as 

China’s price level increased faster than its productivity. on the other hand, Cheung et al. (2017) 

show that the estimate of RMB misalignment from the Penn effect regression can be distorted by 

the omitted non-linear relationship between the price level and per capita income. Their 

calculation shows that the RMB may have been overvalued as early as 2011 if not in 2009. 

While the magnitude of the RMB misalignment estimate itself is routinely used to discuss 

whether the RMB is deviated from its fair value, Cheung et al. (2007) show, although the RMB 

misalignment estimates themselves from a typical Penn effect regression are indicative of RMB 

undervaluation, the estimates are likely to be insignificantly different from zero if standard 

statistical inferences that allow for sampling uncertainty and serial correlation are considered. That 

is, it is hard to obtain statistically significant evidence of misalignment from these estimates. The 

evidence of insignificant misalignment is robust to, say, alternative country samples, sample 

periods, and sets of control variables. In a similar vein, Dunaway et al. (2009) show that the 

estimates of RMB misalignment obtained from the macroeconomic balance model, are not robust. 

They illustrate the variation of RMB misalignment estimates is quite sensitive to small changes in 

model specifications, explanatory variable definitions, and sample periods used in obtaining these 

estimates.  Cheung et al. (2009, 2010a, 2010b) further demonstrate that the RMB misalignment 

estimates are sensitive to model selection, data revisions, and sampling uncertainty.  

In sum, these mixed findings point to the daunting challenge of getting a precise empirical 

misalignment estimate in general, and it is prudent to interpret RMB misalignment estimates with 

great caution.  
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2.2  Uncertainties  

There is a gap between the actual and estimated degrees of RMB misalignment. The gap is 

attributed to the unknown nature of the true RMB equilibrium exchange rate required to determine 

the level of RMB misalignment and uncertainties associated with estimating RMB misalignment. 

Discussions in the previous subsection indicate a few types of uncertainty; the estimation of RMB 

misalignment can be affected by the choices of the theoretical model, empirical specification, 

estimation method, and data. To facilitate our analysis, we classify the uncertainties encountered 

in estimating RMB misalignment into three categories: 

1) Model uncertainty. The Meese and Rogoff puzzle (Meese and Rogoff, 1983a, b) points 

to the lack of a consensus empirical exchange rate model. In addition to the Penn effect framework 

discussed in the previous subsection, other exchange rate models, including behavioral equilibrium 

exchange rate (BEER) and macroeconomic balance models were employed to investigate RMB 

misalignment. The choice of the exchange rate model has implications for RMB misalignment. 

2) Specification uncertainty. Estimation results depend on the choices of the empirical 

specification and the estimation method (Leamer and Leonard 1983). Given an exchange rate 

model, there are alternative ways to specify the underlying assumptions and the corresponding 

empirical specification. Different empirical specifications can yield different equilibrium 

estimates.3 In the context of BEER model, the RMB misalignment estimate is quite sensitive to, 

say, the assumed values of trade elasticities and of the norm of the current account balance (Schnatz, 

2011). 4  In addition to (the number of) explanatory variables, the choice of the empirical 

specification can affect the choice of the estimation technique that ranges from, say, cross-sectional 

to time-series. Intuitively, different estimation techniques are associated with different levels of 

sampling uncertainty.  

3) Data uncertainty. In addition to different choices of the sample period, alternative data 

choices can affect both the sign and the magnitude of RMB misalignment estimates (Bineau, 2010; 

Cheung et al., 2009, 2010b; Korhonen and Ritola, 2011).  

                                                 
3 Adler and Grisse (2017), for example, note the absence of clear guidelines on the most relevant determinants of real 
exchange rates. Using the BMA technique, they showed that the equilibrium exchange rate estimates are sensitive to 
selecting variables included in the BEER model. 
4 Bussiere et al. (2010) also use the BMA technique to illustrate the uncertainties surrounding trade elasticities and the 
norm of the current account balance. 



7 

These uncertainties contribute to the diversity of empirical RMB misalignment estimates. 

In the current exercise, we adopt the meta-analysis to assess the implications of study 

characteristics that may contribute to the uncertainty of estimating RMB misalignment and the 

BMA approach to account for the uncertainty of specifying the meta-analysis specification. 

 

3. The Sample of Studies and Basic Statistics 

Researchers have generated empirical RMB misalignment estimates in the past decades 

based on different exchange rate definitions, theoretical frameworks, empirical specifications, 

econometric methods, and sample periods. However, the empirical RMB misalignment estimates 

in the extant literature vary both in their signs and magnitudes. Without a strong prior belief, it is 

not easy to draw a definite inference on the degree of RMB misalignment from these studies. The 

meta-analysis setup can be used to assess the heterogeneity of these RMB misalignment estimates. 

In this section, we describe the construction of the sample of studies and the resulting RMB 

misalignment variable, and some basic statistics. 

3.1 The Sample of Studies  

The sample of studies in the current exercise are those 1) report empirical RMB 

misalignment estimates on or after 1994 and 2) were written in English or Chinese. Note that in 

1994 China replaced its dual-exchange rate arrangement with a policy of managing the RMB 

exchange rate against the U.S. dollar. 

For English studies, we conducted a full-text search via Google Scholar using the keywords 

“RMB misalignment,” “RMB equilibrium exchange rate,” “RMB undervaluation,” “RMB 

overvaluation,” “the Chinese currency misalignment,” “estimating the Chinese currency,” and 

“RMB valuation.” The search yielded 220 potential English studies. After reading through these 

studies, we identified 77 English studies that meet the condition (1) in the previous paragraph.  

Next, we identified five early and well-cited studies from the 77 studies, and collected 

papers that cite any of these five studies.5  Further, we checked through references of studies 

                                                 
5 These five studies are Chang and Shao (2004), Cheung et al. (2007), Chou and Shih (1998), Funke and Rahn (2005), 
and Zhang (2001). These studies have garnered, respectively, 122, 288, 158, 224, and 224 citations (Google Scholar 
searches as of June 2018).  
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published between 2015 and 2018.6 These efforts provided us with 47 additional English studies, 

and from which six were selected and included in our sample of studies. 

For studies written in Chinese, we searched the largest Chinese electronic database “China 

National Knowledge Infrastructure” with keywords similar to those used in the English literature 

search. Considering the quality of Chinese publications, we limited our search to the top ten 

Chinese economics journals. This search yielded 16 potential studies, of which 12 met our criteria. 

Thus, our final sample of studies includes 83 studies in English and 12 in Chinese. The sample of 

studies and the numbers RMB misalignment estimates included in individual studies are listed in 

Appendix A1. 

Table 1 presents the frequency distributions of publication venues and publication 

languages by the publication year of studies in our sample. The distributions are plotted in Figure 

3. In 2010, our sample registered the peak number of 13 publications. Then the number of studies 

declined; especially after China’s 2015 exchange rate reform. The majority of the studies are 

journal articles (62%) and in English (87%).7 The earliest published study in our sample is Chou 

and Shih (1998), and the latest one is Giannellis and Koukouritakis (2018). 66 of the 95 selected 

studies were published between 2007 and 2013.  

[Insert Table 1. Distributions of studies by year of publication] 

[Insert Figure 3. Frequency of studies: Year of publication] 

3.2 Estimates of RMB Misalignment and Study Characteristics 

The 95 studies reported their RMB misalignment estimates in different formats - some 

presented estimates qualitatively in graphs/figures, most numerically without their standard errors, 

and a few numerically with their standard errors.8 To maximize the number of studies in our sample 

and to minimize selection biases, we define the variable of interest of our meta-analysis as a 

dichotomous RMB misalignment variable that assumes the value of one when the estimate implies 

RMB undervaluation and the value of zero non-undervaluation.9 

The yearly frequency distributions of the dichotomous RMB misalignment variable are 

reported in Table 2, and graphically presented in Figure 4. Of the total 3108 RMB misalignment 

                                                 
6 The articles published in our sample during 2015–2018 are Adi and Du (2015), Almas et al. (2017), Cheung et al. 
(2017), Giannellis and Koukouritakis (2018), Li (2015), and Wang (2015). 
7 For publication venue, “Other types” refers to working papers, IIE articles and master/doctoral theses. 
8 Of the 3018 RMB misalignment estimates, 937 estimates have numerical values. Most studies do not report 
standard errors. 
9  There are 69 estimates (about 2.2% of estimates in our sample) that imply fair valuation. 
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estimates, there are 1881 (60.5%) undervaluation estimates. The proportion of undervaluation 

estimates is larger than 50% in the twelve years from 1999 to 2010. Indeed, the proportion is larger 

than 50% in 16 out of 21 years. As expected, the number of RMB misalignment estimates is larger 

in the early time period as recent studies can include dated estimates. Although the latest study is 

our sample was published in 2018, the latest estimates are for the year 2014.10 The relatively high 

proportion of undervaluation estimates in Table 2 and Figure 4 indicates RMB undervaluation in 

general. However, these proportion numbers are sample estimates, and, as shown later, a value 

larger than 50% does not necessarily constitute statistically significant evidence of undervaluation. 

[Insert Table 2. Frequency distributions of the dichotomous RMB misalignment variable] 

[Insert Figure 4. Frequency distributions of the dichotomous RMB misalignment variable] 

In the following, we adopt the meta-analysis approach to analyze the systematic effects of 

study characteristics on the observed heterogeneity of RMB misalignment estimates. Specifically, 

we consider ten study characteristics and group them into three categories: a) data characteristics, 

b) theoretical and estimation specifications, and c) publication attributes. For each given study 

characteristic (e.g. data frequency), its components/elements (e.g. “Annual,” “Non-Annual”) are 

referred to as study characteristic types in this exercise. Table 3 presents, in addition to the 

misalignment variable, the definitions of these study characteristics and their corresponding types, 

and the subsample periods according to China’s foreign exchange policy arrangements. Further, 

for each variable category, the Table lists the number of misalignment estimates, the fraction of 

undervaluation estimates and the standard error of the misalignment estimates under the columns 

“Number of estimates,” “Percentage of undervaluation estimates,” and “STD ERR.” 

As stated earlier, the dichotomous RMB misalignment variable assumes the value of one 

when the corresponding estimate implies RMB undervaluation and the value of zero non-

undervaluation. Table 3 reports that RMB undervaluation estimates account for 60.5% of the 3018 

observations of the misalignment variable. If the standard error of 0.489 is used as an informal 

gauge of the statistical significance of the proportion of undervaluation estimates, the estimate of 

60.5% is unlikely to be significantly larger than the 50% mark. 

Among the three categories of study characteristics, the first two categories explicitly 

capture the effects of choices on data frequency and exchange rate definition, and on theoretical 

                                                 
10 Giannellis and Koukouritakis (2018) reported one estimate in 2015 and one in 2016, which were not included in the 
current exercise. 
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framework uncertainty and estimation techniques, respectively.11 The third category consists of 

publication attributes include information on the venue of publication and the author. The potential 

effect of the RMB policy regime is captured by the subsample periods defined under the 

“Subsample Periods” category. 

The data characteristic category comprises three forms of study characteristics. Specifically, 

we code these studies according to 1) whether annual or non-annual data are used; 2) whether the 

purchase power parity (PPP)-based data from, say, the International Comparison Program (ICP) 

surveys that are designed to compare the cross-country PPP are used or not; 3) whether the RMB 

real effective exchange rate (REER), or RMB real exchange rate (RER) against the U.S. dollar (or 

the Japanese yen or euro), or other types of exchange rates such as nominal (effective) exchange 

rates (NER/NEER) are used.  

Under the category of theoretical and estimation specifications, we use four different ways 

to classify the studies. The first one is based on the choice of theoretical framework, and we 

consider three alternative settings. The family of behavioral equilibrium exchange rate (BEER) 

models, fundamental equilibrium exchange rate (FEER) models, and related models are grouped 

under “BEERs-FEERs.”12 Studies that employed regressions based on absolute or relative PPP or 

Penn effects are collected under “PPP-Penn.” “Other frameworks” covers studies adopting other 

models including the one based on the shadow price of exchange rates.  

Then, we consider three alternative ways to classify empirical estimation characteristics; 

namely, the study adopts 1) a time series or non-time series (panel or cross-section) approach, 2) 

a cointegration technique or not, and 3) a reduced-form or structural setup. 

Under the category of the publication attributes, three classification schemes are considered: 

a) whether the study is published in an academic journal or not; b) whether any of the authors of 

the study has an affiliation with an institution in mainland China or not; and c) whether all authors 

of the study have academic affiliations or not. In the following, we do not conduct the usual 

publication bias analysis that requires information about standard errors of RMB misalignment 

estimates because studies in our sample typically do not provide the information. Fidrmuc and 

                                                 
11 Because of data paucity, the effect of different ICP survey data vintages is not considered though Cheung and Fujii 
(2014), for example, showed that ICP data revisions have a pronounced implication for estimating currency 
misalignment. 
12 The other specifications include the permanent equilibrium exchange rate model, the equilibrium real exchange rate 
model, the Goldman Sachs dynamic equilibrium exchange rate model, the productivity approach, the macroeconomic 
balance approach, and the natural rate of exchange approach. 
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Lind (2018) and Campos et al. (2019), for example, show that institution-specific publication bias 

may be significant, especially for politically sensitive issues. Since RMB misalignment is a highly 

politically charged issue, these publication attributes can shed light on publication biases beyond 

those implied by standard errors. 

[Insert Table 3. Misalignment variable and study characteristic types] 

To account for the roles of exchange rate policy, we group RMB misalignment estimates 

observed in five subsample periods: 1994–1997, 1998–2004, 2005–2008, 2009–2010, and 2011–

2014. Arguably, a pegged exchange rate policy hinders the exchange rate adjustment process, 

which may have implications for currency misalignment. 13  In practice, China modified its 

exchange rate policy several times during our sample period. It replaced the dual-exchange rate 

arrangement with a policy targeting the U.S. dollar in January 1994 and then moved to a de facto 

dollar peg after the 1997 Asian Financial crisis. The “managed floating exchange rate regime” 

China adopted in July 2005 was abandoned for a stable RMB/dollar rate policy during the global 

financial crisis in 2008. The authority reestablished the “managed floating exchange rate regime” 

in 2011. Despite the strength of pegging to the dollar varies over time, China always maintains a 

tight grip on its currency value. 

China employs both exchange rate and capital control policies to respond to external and 

internal economic and political pressures on its exchange rate and economy. To the extent that 

currency management interferes with the market adjustment process, it has implications for 

currency misalignment. The variations of the ratio of RMB undervaluation across these subsample 

periods indicate the exchange rate policy effect (Table 3). In following, we include subsample 

period dummy variables to control for China’s exchange rate policy effects in the BMA meta-

analysis to evaluate study characteristic effects.14 

Except for the 2011-2014 subsample period, all the study characteristic types have 

undervaluation estimates accounting for more than one-half of their corresponding observations 

(Table 3, Column “Proportion of undervaluation estimates”). That is, almost for all study 

characteristic types, there is more than a 50% chance to obtain an RMB undervaluation estimate. 

                                                 
13 The pegged exchange rate arrangement has implications for the tradeoff between internal and external balances. For 
example, Corden (2009) argues that China adopted a fixed regime to maintain internal stability. On the other hand, 
Giannellis and Kouretas (2014) argue that the fixed regime adopted by China could not establish external balance. 
14 Some studies use time period dummy variables to capture improvements in methodology or data quality (Capon et 
al., 1990; Doucouliagos and Ulubaşoğlu, 2008; Havranek et al., 2015a, Valickova et al., 2015). Given China’s unique 
circumstances, we viewed the policy effect is an important exogenous element. 
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However, the large standard errors under the Column “STD. ERR,” indicate that these proportions 

are likely to be insignificantly different from 0.5, and insignificantly different between alternative 

study characteristic types under the same study characteristic. Further, these proportion numbers 

are specific to their corresponding study characteristic types. These study characteristic effects and 

inferences on RMB misalignment are better analyzed with a multivariate setup that allows for 

interactions of these study characteristics. In the next Section, we adopt a multivariate BMA meta-

analysis setup to assess the effects of these study characteristics. 

 

4. Methodology 
The descriptive statistics in the previous section indicate possible links between individual 

study characteristics and RMB misalignment estimates. In the following, we conduct a systematic 

analysis of these links. Specifically, we adopt a BMA meta-analysis framework to analyze the 

effects of study characteristics on these RMB misalignment estimates. A canonical meta-regression 

analysis is based on the regression specification (Stanley and Jarrell, 2005): 

1 1
J K

i j j ij k k ik iY X Zα β γ ε= == + Σ +Σ + ; i = 1,…,n,     (1) 

where iY  is the i-th RMB misalignment estimate, ijX  is the j-th study characteristic type of the 

study that reported iY  , ikZ   is the control variable that captures the k-th exchange rate policy 

regime in which iY  is reported. The total numbers of study characteristic types and policy regimes 

under consideration are indicated by J and K. iε   is an error term, and n is the number of 

observations. The subsample periods as discussed above are used as proxies for China’s exchange 

rate policy regimes – the subsample period dummy variables are thus included as control variables 

to isolate influences of China’s exchange rate policy on the study characteristic effects. 

Note that our dependent variable iY   is a dichotomous variable. A linear regression 

specification can yield biased estimates. Because of this, we examine the study characteristics 

effects using the logit specification: 

1 1( 1| , ) ( )J K
i ij ik j j ij k k ikP Y X Z F X Zα β γ= == = + Σ +Σ      (2) 

where F(.) is the logistic distribution function. 

In addition to the functional form, the ability of (2) to reveal the effects of study 

characteristics depends on a proper specification of ijX s. Because of perfect collinearity, we cannot 
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include all component types of a study characteristic which are coded as a zero-one dummy 

variable. To circumvent perfect collinearity, we assess the effect of a study characteristic type 

relative to the benchmark type. And, for each study characteristic, we label the characteristic type 

that is used by most studies in our sample as the benchmark type. The bold-font in Table 3 

identifies the selected benchmark study characteristic types. Not counting the ten benchmark types, 

the ijX s in (2) can include up to J = 12 study characteristic types.15 

Another issue is that we do not have a strong theory on the appropriate set of study 

characteristics for explaining the variability of RMB misalignment estimates across empirical 

studies. It creates a technical issue of selecting the appropriate set of study characteristics in the 

analysis. Indeed, disagreement over the choice of important study characteristics is always an issue 

(Stanley, 2001). A typical empirical solution is to select the “best” model from the model space 

that comprises all models constructed from the potential study characteristics. In the current 

exercise, the total number of contending models in the model space is 2J = 212 = 4,096. Similar to 

the uncertainty associated with parameter estimation, there is uncertainty associated with 

comparing and selecting models that can be nested or non-nested from the model space. If model 

selection uncertainty is simply ignored, the inference based on a chosen model may be overly 

optimistic and misleading (Buckland et al., 1997; Fragoso et al., 2018; Hoeting et al., 1999; Steel, 

2020). 

We adopt the BMA technique which is an established procedure that explicitly accounts 

for uncertainties due to model selection and estimation procedure in generating inferences on the 

parameter estimates of interest.16 Instead of focusing on a single model, it “averages” information 

from all contending models to infer the relevance of individual study characteristics. Hoeting et 

al. (1999), Fragoso et al. (2018) and Steel (2020), for example, argue that model averaging offers 

better performance than selecting a single model. 

In essence, the BMA approach estimates the full posterior distribution of a parameter of 

interest as a weighted average of its posterior probabilities conditional on all models in the model 

space with weights given by the corresponding posterior model probabilities.17 In our case of J = 

                                                 
15 The roles of 10 benchmark types will be considered later in the exercise.  
16 Byrne et al. (2018), Fernandez et al. (2001), Fidrmuc and Lind (2018) and Irsova and Havranek (2013), for example, 
adopt the BMA approach to account for modeling uncertainty in meta-analysis. 
17 The BMA estimation uses information on the prior distribution of the parameter on every model on the model space, 
and the prior distributions of models on the model space, and the sample likelihood function. 
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12 study characteristic types, the BMA procedure considers information from 4,096 (= 212) models. 

The full posterior distribution yields information on the posterior mean (analogous to the point 

estimate under the frequentist approach) and posterior standard deviation (analogous to the 

standard error of the point estimate under the frequentist approach). The posterior model 

probability captures how well an individual model fits the data (analogous to the R2 estimate or 

information criteria in frequentist approach). 18  The Posterior inclusion Probability (PIP) of a 

variable is the sum of the posterior probabilities of models that include the variable, and is 

analogous to a measure of statistical significance that indicates the “likelihood” of the variable 

belongs to the “true” model. If the PIP of a variable is between 0.5–0.75, 0.75–0.95, 0.95–0.99, 

and 0.99–1, the variable is considered to have an acceptable, substantial, strong, and decisive effect 

(Kass and Raftery, 1995; Havranek et al., 2015b). A variable with PIP smaller than 0.5 is 

considered ignorable.  
To gain further insight from these empirical studies, we consider the median probability 

model obtained from the BMA meta-analysis estimation results and models that include various 

synthetic combinations of study characteristics. Specifically, the median probability model 

comprises explanatory variables with a PIP value larger than 0.5.  The synthetic practice considers 

(2) with ijX s given by a synthetic combination of estimates of study characteristic types. Using 

the synthetic practice method and the BMA meta-analysis estimation results, we can infer the level 

of uncertainty of RMB misalignment estimates associated with a hypothetical combination of 

study characteristics (Fan et al., 2020). Since the estimated study characteristic effects are 

weighted averages from individual model specifications, the inferences of the synthetic RMB 

misalignment formulation are based on pooled information of theoretical models, datasets, and 

study characteristics employed by the 95 studies in our sample (Havranek and Irsova, 2011). If 

random errors are the source of study-to-study variability of estimates, information pooling can 

improve the precision of the statistical inference about RMB misalignment. 

                                                 
18 A detailed description of the BMA methodology is given in Appendix A2. Our estimation is based conservative 
uniform distribution priors on model and approximate unit information priors on parameters (Raftery et al., 2005; 
Amini and Parmeter, 2011). The results are obtained from the BMA package in R that uses the leaps and bounds 
algorithm to exhaustively search and find the globally optimal models with high posterior model probabilities (Raftery 
et al., 2005; Raftery et al., 2018).  
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5. Results 

5.1 Basic BMA results 

In this subsection, we evaluate and compare the effects of non-benchmark and benchmark 

study characteristic types. The BMA meta-regression results based on non-benchmark and 

benchmark study characteristic types are presented in Tables 4 and 5, respectively. Misalignment 

heterogeneity is likely to be affected, on the one hand, by data characteristics, theoretical and 

estimation specifications, and the publication attributes and, on the other hand, by policy regimes 

demarcated by the subsample periods. We consider, for China, official policy arrangements are an 

important exogenous element that can affect RMB misalignment. Therefore, we treat the 

subsample periods as control variables and keep them in all the specifications in Tables 4 and 5.  

[Insert Table 4. BMA results based on 12 study characteristic types: control for policy 

regimes] 

[Insert Table 5. BMA results based on 10 study characteristic types: control for policy 

regimes] 

The general relevance of individual study characteristic types and subsample periods in 

explaining RMB misalignment heterogeneity is assessed by PIP estimates reported under the 

column “PIP.” Tables 4 and 5 use the bold font to highlight a PIP estimate that is larger than 0.5; 

that is, the corresponding study characteristic type is considered to have an acceptable, substantial, 

strong, or decisive effect (Kass and Raftery, 1995; Havranek et al., 2015b). The column labeled 

“Post Mean” reports, for each parameter, its mean and standard error (in round parentheses 

underneath) computed from its full posterior distribution.  

Four alternative marginal effects of a study characteristic type are considered. Specifically, 

“marginal effect 1” refers to the marginal effect on the probability of RMB undervaluation ( ˆ ip ) 

conditional on all study characteristic types assume their corresponding mean values. If the 

marginal effect is 0.1, a unit change in the study characteristic type is associated with a 10% 

increase in the probability of obtaining an RMB undervaluation estimate. “Marginal effect 2” and 

“Marginal effect 3” refer to the marginal effects on ˆ ip   when the study characteristic type of 

interest takes up the value of zero and the value of one, respectively, and conditional on other types 

assume their corresponding mean values. “Marginal effect 4” is given by the difference of 
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“marginal effect 3” and “marginal effect 2.” Appendix A3 describes the assumptions underlying 

the calculation of these four types of marginal effects and their posterior standard errors. It turns 

out that, for the current exercise, the estimates of these four marginal effects are quite similar. For 

brevity, we mainly refer to “marginal effect 2” in the following discussion though all four effects 

are presented for completeness. 

Under the category of data characteristics, the PIP estimates of the non-benchmark (Table 

4) and benchmark (Table 5) study characteristic types results are below 0.5 and quite close to zero; 

suggesting that they have an “ignorable” effect on reported estimates of RMB misalignment. The 

“ignorable” result does not depend on whether the non-benchmark or benchmark study 

characteristic types are considered. The PIP results are corroborated by the ratios of posterior 

means and marginal effects to their respective standard errors; these ratios are quite close to zero. 

That is, the BMA meta-regression does not reveal any evidence that the reported RMB 

misalignment estimates are significantly affected by these data characteristics. While the 

insignificant data frequency effect is in line with Bineau (2010) and Korhonen and Ritola (2011), 

the insignificant exchange rate definition effect is not. The difference in results is likely due to (the 

rather large) differences in the sample of studies, sample periods, and estimating technology. 

The finding of RMB misalignment is not sensitive to data frequency indicates that RMB 

undervaluation is not represented by short-term currency market shocks that can be evened out at 

a longer horizon. Indeed, the RMB exchange rate is quite heavily managed; typically, it moves 

gradually and does not display large movements. Similarly, the insensitivity to exchange rate 

definition is in line with the idea that RMB undervaluation is not specific for a particular currency. 

Further, the insignificant results derived from the multivariate setup highlight the possibility that 

a proportion of undervaluation estimates larger than 0.5 in Table 3 does not necessarily imply the 

corresponding study characteristic type has a significant impact on RMB undervaluation results. 

The effects of study characteristic types under the category of theoretical and estimation 

specifications depend on how the RMB misalignment estimates were classified. The coefficient 

estimates of “PPP-Penn” and “Other framework” types have a PIP estimate that is less than 0.5 

but larger than 0.4, and a ratio of posterior mean to standard error that is less than one (Table 4). 

The estimation results in Table 5 also indicate that the “BEERs-FEERs” type does not significantly 

impact the reported RMB misalignment. The estimated marginal effects in general lend support to 

the insignificant interpretation. Theoretically, a possible channel of the theoretical framework 
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effect is whether the theoretical model is a long-run or a short-run one. Compared with a long-run 

one, a short-run specification may imply negligible exchange rate misalignment by ignoring 

deviations from long run equilibrium. While theoretically probable, the difference can be difficult 

to be revealed empirically; especially when there are alternative ways to specify long-run 

conditions. Despite the concerns of theoretical framework uncertainty (Cenedese and Stolper, 

2012; Clark and MacDonald, 1999; Lopez-Villavicencio et al., 2012), our results reveal no 

evidence that the theoretical framework characteristic has implications for empirical RMB 

misalignment estimates.  

The BMA meta-regression results in Tables 4 and 5 show that the use of time series 

estimation techniques, relative to cross-sectional and panel techniques, has implications for 

empirical RMB misalignment estimates. Both the “Non-Time-series” and “Time-series” study 

characteristic types have a PIP estimate of 1; that is, they exert a “decisive” effect on RMB 

misalignment. The ratios of posterior mean to standard error of the coefficient estimates and of the 

four marginal effect estimates also point to significant effects of these two study characteristic 

types. Similar findings are reported by Bineau (2010) and Korhonen and Ritola (2011). Table 4 

shows that the estimated marginal effect 2 of the “Non-Time-Series” study characteristic type is 

0.171; that is, the change from a time series to non-time series technique on average increases the 

probability of generating an RMB undervaluation estimate by 17.1%. On the other hand, the switch 

from a non-time series to a time series technique on average reduces the probability of observing 

an undervalued RMB estimate by 12.3%. 

Relative to time-series techniques, the use of non-time-series techniques is likely to give 

an undervalued RMB estimate. Conceivably, a time-series model specification usually specifies 

the (estimated) equilibrium exchange rate as the average over time (conditional on regressors). 

Thus, overvaluation and undervaluation estimates are almost invariably reported; there are both 

overvaluation and undervaluation estimates, and the misalignment vanishes on average in the 

sample. When cross-sectional data are used, it is implicitly assumed that the sample average across 

countries (conditional on regressors) is the (estimated) equilibrium exchange rate. Thus, the use of 

cross-sectional data allows for the possibility that the RMB, say, is undervalued for an extended 

period and not at the (estimated) equilibrium value. 

Both the “Non-cointegration” and “Cointegration” study characteristic types have a 

“decisive” but opposite effect on RMB misalignment estimates. The coefficient estimates of these 
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two study characteristic types garner a PIP estimate of 1, and a ratio of posterior mean to standard 

error larger than 4.3 (Tables 4 and 5). The estimated marginal effect 2 in Table 4, for instance, 

shows that, relative to a cointegration technique, the use of a non-cointegration technique on 

average boosts the probability of obtaining an undervalued RMB estimate by 18%. The tendency 

for cointegration to generate a less undervalued RMB estimate can be related to its time-series 

nature of specifying the equilibrium exchange rate. 

The effects of the “Structural equation” and “Reduced-form” study characteristic types are 

not conclusive. While the “Reduced-form” has a “decisive” effect (PIP = 0.993) and has a 

coefficient estimate and marginal effect estimates large relative to their respective standard errors 

(Table 5), the “Structural equation” in Table 4 displays an ignorable effect (PIP = 0.458) and a 

coefficient estimate and marginal effect estimates small relative to their respective standard errors. 

On balance, we are inclined to interpret the results as weak evidence of a structural setup, compared 

with reduced-form regressions, is more likely to generate an undervalued RMB estimate. The 

interpretation is in accordance with Wang and Yao (2008), who report that the structural setup 

usually provides a larger misalignment estimate than the reduced-form approach. 

In sum, the uncertainty of theoretical framework displays insignificant implications for 

RMB misalignment estimates, while the choices of alternative estimation techniques have a strong 

or decisive effect on the direction of RMB misalignment estimates. 

As noted in Section 3, the lack of standard errors of the RMB misalignment estimates 

prevents us from conducting the usual publication bias analysis. Instead, we use the publication 

attributes as alternatives to infer publication biases. The BMA meta-regression results in Tables 4 

and 5 show that both the benchmark and non-benchmark publication attribute types have a PIP 

estimate less than the 0.5 threshold and are quite close to zero. That is, these publication attributes 

have only an “ignorable” impact on RMB misalignment estimates. 

One potential source of “publication bias” is that reviewers, editors, and researchers are 

likely to be in favor of empirical results that are in accordance with conventional theories, common 

views, or merely “statistically significant” (Card and Krueger, 1995; Stanley and Doucouliagos 

2012). Our findings indicate that the RMB misalignment does not depend on the publication venue; 

journals, for instance, do not favor a specific RMB misalignment result. Further, the results 

pertaining to author’s affiliation status show that there is no significant association between the 

reported RMB misalignment results and the author’s affiliation with mainland or academic 
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institutions. The publication bias attributable to institution-specific characteristics (Fidrmuc and 

Lind, 2020; Campos et al., 2019) is not a relevant factor in the current exercise.19 

The BMA meta-regression coefficient estimates of the five subsample-period-dummy 

variables that are used to capture China’s policy effects have a PIP estimate of one. From Tables 4 

and 5, we infer that, relative to the 1998-2004 period, the RMB misalignment estimates tend to 

have a lower chance to be an undervalued estimate for the periods of 1994–1997, 2009–2010, and 

2011– 2014, and a higher chance of being an undervalued estimate for the 2005–2008 period. The 

RMB misalignment estimates generated for the period of 1998-2004 have a higher chance of being 

an undervalued estimate than those for other periods.  

Despite variations in the strength of evidence, the overall impression is that the period of 

1998 to 2008 is the one in which the probability of observing an undervalued RMB estimate is 

high. During this period, the world witnessed China’s rapid growth of its holding of international 

reserves and persistent trade surplus, which approached 10% of GDP in 2008. The strong evidence 

of observing an undervalued RMB estimate is in line with the belief that the deliberated RMB 

undervaluation policy generates China’s burgeoning trade surplus and growing international 

reserves. Further, the result that weak evidence of RMB undervaluation is likely to be found for 

the 2009-2014 period is in accordance with, say, the anecdotal evidence of an intense international 

pressure on RMB valuation led by, say, the U.S. since the early 2000s, a strengthening RMB and 

narrowing Chinese current account surplus after the global financial crisis (Liu et al., 2016), the 

finding of Cheung et al. (2017), and the International Monetary Fund 2015 assessment. 

A pegged exchange rate regime is not necessarily associated with a high chance of 

observing RMB undervaluation. That is, a policy of fixed rates does not have a definite implication 

for RMB undervaluation. Conceivably, the association between a pegged exchange rate and 

currency undervaluation depends on whether the policy is introduced proactively to respond to 

existing domestic and foreign economic and political pressures, or passively to accommodate 

existing conditions. 

The BMA meta-analysis conducted in the current sub-section considers an expanded 

sample of studies and RMB misalignment estimates, a large set of study characteristics, and both 

model selection uncertainty and policy regimes. It offers updated results on the heterogeneity of 

                                                 
19 Using an early and small sample, Korhonen and Ritola (2011) report “Journal” and “Mainland” tend to exert, 
respectively, a positive and a negative impact on inferences of RMB undervaluation. 
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RMB misalignment estimates that are not identical to those reported in previous studies. For 

instance, our findings of insignificant data frequency effect and significant time series model effect 

are similar to those of Bineau (2010) and Korhonen and Ritola (2011). The findings pertaining to 

other study characteristic types and policy regime dummy variables are either different or non-

comparable to results presented in other studies. 

5.2 Additional Analyses 

This subsection considers alternative ways to infer RMB misalignment based on the BMA 

meta-analysis estimation results. First, we consider the median probability model that comprises 

study characteristic types and subsample period dummy variables with a PIP estimate larger than 

0.5 in Table 4. Barbieri and Berger (2004) indicate that the posterior predictive probability derived 

from the median probability model yields good predictions about RMB misalignment. If the true 

posterior predictive probability equals 1, 0.5, or 0, RMB is undervalued, balanced, or overvalued. 

Under the median probability model specification, the median of the predictive probability 

and its symmetric 95% prediction interval – that is, the (2.5%, 50%, 97.5%)-quantiles, of the 

estimated posterior predictive probability are (0.587, 0.611, 0.635) when the included study 

characteristic types assume their average sample values, are (0.498, 0.643, 0.788) when assume 

the value of one, and are (0.467, 0.498, 0.530) when assume the value of zero. Among the three 

cases, assuming the average sample values is the only case that with a 95% prediction interval 

significantly above the 0.5 threshold. That is, when the included study characteristic types take 

their average sample values, the evidence of RMB undervaluation is strong based on the medium 

probability model. However, the statistical evidence of significant RMB undervaluation is 

sensitive to the values assumed by variables included in the median probability model specification. 

Next, we split the explanatory variables of the median probability model specification into 

two groups. The first group comprises explanatory variables with a positive effect, forming the 

“positive” median probability model specification. The “negative” median probability model 

specification includes the explanatory variables that have a negative effect. The (2.5%, 50%, 

97.5%)-quantiles of the estimated posterior predictive probability of the “positive” and “negative” 

median probability model specifications are, respectively, (0.845, 0.874, 0.903) that indicates 

RMB undervaluation, and (0.117, 0.205, 0.293) that indicates no RMB undervaluation. Again, the 
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evidence of RMB undervaluation or overvaluation depends on the configuration of the variables 

included in the median probability model.20  

Second, we adopt the synthetic practice method (Fan et al., 2020) to assess the level of 

uncertainty of RMB misalignment under alternative hypothetical combinations of study 

characteristic types using the BMA meta-analysis estimation results. Three alternative 

combinations of study characteristic types are considered. First, we consider the RMB 

misalignment specification with all the study characteristic types assuming their respective sample 

average values. Second, we follow the “best practice” approach to constructing hypothetical 

combinations of study characteristic types (Havranek and Irsova, 2011; Doucouliagos, 2016). 

Arguably, the notion of “best practice” can be subjective. Here, three “best practice” specifications; 

namely “best 1,” “best 2,” and “best 3” are considered. The “best 1” specification includes the 

study characteristic types PPP-based data and real effective exchange rate under the PPP-Penn 

framework, which are believed to be appropriate for estimating currency misalignment. The “best 

2” specification comprises the study characteristic types adopted by most empirical studies in our 

sample. The “best 3” specification assumes the study characteristic types considered by Cheung et 

al. (2007), which is the most cited paper in our sample of studies, and published in the well-known 

Journal of International Money and Finance. Third, we consider two combinations of study 

characteristic types that are complements to “best 1” and “best 2,” and labelled them “worst 1” 

and “worst 2.” Specifically, “worst 1” includes the study characteristic types not in the “best 1” 

specification, and “worst 2” the study characteristic types least considered by studies in our 

sample.21 

Table 6, for each synthetic specification, presents the posterior predictive probabilities 

RMB misalignment of the full specification and individual subsample periods based on the BMA 

meta-regression results in Table 4. Each cell reports the median of the predictive probability with 

its symmetric 95% prediction interval. Across the six synthetic specifications, the evidence based 

on the full specification leans towards RMB undervaluation; in five of the six cases, the median 

estimates are larger than 0.5 and the 95% prediction intervals above the 0.5 threshold. It is of 

interest to note that the “best 2” specification that is based on the popular choices of study 

                                                 
20 We conducted a similar analysis with median probability model specifications derived from Table 5. The evidence 
of RMB misalignment is also found to vary with the configuration of explanatory variables in the median probability 
model. 
21 Appendix A4 lists the complete specifications of these synthetic practice formulations. 
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characteristic types adopted by studies in our sample offers an inconclusive inference on whether 

RMB is undervalued or not. 

The subsample results display a different picture. The evidence of RMB undervaluation is 

subsample specific and, to a less extent, synthetic specification specific. Relatively speaking, the 

95% prediction interval indicates that the evidence of RMB undervaluation is weaker for the 

subsample periods 2009-2010 and 2011-2014, and for the “best 2” synthetic specification.  

[Insert Table 6.  Synthetic practices based on BMA results in Table 4: control for policy 

regimes] 

[Insert Table 7.  Synthetic practices based on BMA results in Table 5: control for policy 

regimes] 

Table 7 presents posterior predictive probabilities from a similar synthetic practice exercise 

based on results in Table 5. Again, the evidence leans toward RMB devaluation, and the “best 2” 

specification offers some indefinite results. 

Although the evidence appears to favor the view of RMB undervaluation, the (strength of) 

evidence can be sensitive to the specification of the synthetic exercise and the subsample periods. 

The synthetic practice exercise based on six hypothetical combinations of study characteristic 

types does not offer conclusive evidence on RMB misalignment. In a sense, the results are in 

accordance with the configuration-dependent result from the median probability model analysis. 

We also conducted alternative BMA meta-analyses that include a) the inclusion of top 

journals as a separate study characteristic type, and b) a specification that has subsample periods 

as study characteristic types rather than control variables. The results are qualitatively similar to 

those presented above. For brevity, we presented these results in Appendix A5.  

 

6. Concluding remarks 
RMB misalignment is a hotly debated issue. There are numerous empirical exercises 

evaluating the degree of RMB undervaluation. However, the reported RMB misalignment 

estimates span a wide range that includes both RMB undervaluation and no-undervaluation results. 

Our exercise neither assesses whether one reported estimate is better than the other nor generates 

another RMB misalignment estimate. Rather, we focus the discussion of RMB misalignment in 

terms of factors underlying the study-to-study heterogeneity of RMB misalignment estimates and 

extracting information from extant studies. In so doing, we sharpen our understanding of the 
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heterogeneity of RMB misalignment estimates that has implications for the academic and policy 

debate of RMB misalignment.  

Compared with some early meta-analyses on RMB misalignment, our meta-analysis adopts 

the BMA technique to control for uncertainty arising from selecting models in the estimation 

process. We consider an expanded sample of studies and RMB misalignment estimates, a large set 

of study characteristics, and variables capture policy effects to minimize selection biases and to 

improve estimation quality. 

Our exercise provides an updated set of results on the heterogeneity of RMB misalignment 

estimates. The insignificant data frequency effect and significant time series model effect, for 

instance, are similar to those of Bineau (2010) and Korhonen and Ritola (2011). The results 

pertaining to, for example, the “Journal” and “Mainland” study characteristic types are different 

from Korhonen and Ritola (2011). The results of other study characteristic types and policy regime 

dummy variables are either different or non-comparable to those presented in other studies. 

Based on the BMA meta-analysis estimation results, we extract information via median 

probability models and synthetic practices about the degree of RMB misalignment. In general, the 

results derived from median probability models and the synthetic practice exercise indicate that 

the evidence of RMB undervaluation is sensitive to the specification of the RMB misalignment 

equation and the values assigned to study characteristic types. The inconclusive result is in 

accordance with the well-known difficulty of measuring the equilibrium real exchange rate and 

quantifying the uncertainty surrounding the estimation of exchange rate misalignment. Thus, both 

academics and policymakers should exercise caution in interpreting empirical RMB misalignment 

estimates and asserting the relevance of these estimates in policy debate. One can always find some 

empirical estimates to substantiate their positions on whether RMB is undervalued or not. 

However, policymaking without a full understanding of the property of empirical RMB 

misalignment estimates can lead to some unintended consequences. 

To accommodate the largest possible number of RMB misalignment estimates, we 

employed a dichotomic RMB misalignment variable in the empirical exercise. While the logit 

model specification allows the BMA meta-analysis to infer the roles of study characteristics and 

the direction of RMB misalignment, we do not obtain information on the magnitude of RMB 

misalignment. That is, we maximize the coverage of reported estimates to assess the heterogeneity 
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of RMB misalignment at the cost of restricting our inferences to the sign of misalignment. A 

further study on the magnitude of RMB misalignment is warranted. 
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Tables 
Table 1. Distributions of studies by year of publication 

Publication  
year 

Number of publications 

Overall 
Publication venue Publication language 
Journal 
article Book chapter Other types English study Chinese study 

1998 1 1 0 0 1 0 
1999 1 1 0 0 0 1 
2000 1 1 0 0 0 1 
2001 1 1 0 0 1 0 
2002 0 0 0 0 0 0 
2003 2 2 0 0 1 1 
2004 3 1 2 0 3 0 
2005 4 2 0 2 3 1 
2006 4 3 0 1 4 0 
2007 11 5 0 6 10 1 
2008 9 5 0 4 8 1 
2009 6 3 0 3 6 0 
2010 13 8 0 5 12 1 
2011 8 5 1 2 8 0 
2012 9 5 1 3 9 0 
2013 10 8 0 2 7 3 
2014 5 3 0 2 4 1 
2015 3 2 0 1 2 1 
2016 1 1 0 0 1 0 
2017 2 2 0 0 2 0 
2018 1 1 0 0 1 0 

 
Table 2. Frequency distributions of the dichotomous RMB misalignment variable  

No. of estimates  
(overall) 

No. of estimates  
(undervaluation) 

No. of estimates  
(non-undervaluation) 

Proportion of undervaluation 
Estimates (%) 

1994 175 125 50 71.429 
1995 180 111 69 61.667 
1996 188 82 106 43.617 
1997 192 87 105 45.313 
1998 192 89 103 46.354 
1999 212 124 88 58.491 
2000 221 138 83 62.443 
2001 229 119 110 51.965 
2002 225 128 97 56.889 
2003 206 152 54 73.786 
2004 175 139 36 79.429 
2005 181 142 39 78.453 
2006 145 120 25 82.759 
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2007 122 94 28 77.049 
2008 121 62 59 51.240 
2009 100 51 49 51.000 
2010 64 40 24 62.500 
2011 98 37 61 37.755 
2012 50 25 25 50.000 
2013 14 8 6 57.143 
2014 18 8 10 44.444 
Total 3108 1881 1226 60.521 

 
 
Table 3. Misalignment variable and study characteristic types  

Description Number of estimates Proportion of 
undervaluation 
estimates 

STD ERR 

Misalignment Variable  =1 if the estimate 
implies RMB 
undervaluation, and 0 
otherwise. 

3108 0.605 0.489 

a) Data Characteristics 
  

 
 

 
Non-Annual When non-annual 

(quarterly or monthly) 
data is used 

2011 0.559 0.497 

 
Annual When annual data is used 1097 0.690 0.463  
Non-PPP-based  When data is collected 

from non-PPP-adjusted 
database 

2256 0.584 0.493 

 
PPP-based When PPP-based data is 

derived from 
International 
Comparison Program 
(ICP) surveys 

852 0.662 0.473 

 
REER When RMB real 

effective exchange rate is 
used 

1655 0.572 0.495 

 
RER When RMB real 

exchange rate against the 
U.S. dollar or Japanese 
yen or euro is used 

1228 0.656 0.475 

 
NER/NEER When RMB nominal or 

nominal effective 
exchange rate is used 

225 0.573 0.496 

b) Theoretical and Estimation Specifications 
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BEERs-FEERs When RMB 

misalignment is 
estimated based on the 
family of behavioral 
equilibrium exchange 
rate model, productivity 
approach, fundamental 
equilibrium exchange 
rate model, IMF 
macroeconomic balance 
approach or the nature 
rate of exchange 
approach 

2028 0.563 0.496 

 
PPP-Penn  When RMB 

misalignment is 
estimated based on 
absolute or relative PPP 
or Penn effects 

701 0.683 0.466 

 
Other frameworks When RMB 

misalignment is 
estimated based on other 
frameworks, including 
shadow price of foreign 
exchange approach 

379 0.686 0.465 

 
Time series When time series 

technique is used 
2100 0.543 0.498 

 
Non-Time series When panel or cross-

section technique is used 
1008 0.734 0.442 

 
Cointegration  When cointegration 

approach is used 
2033 0.534 0.499 

 
Non-Cointegration  When non-cointegration 

approach, such as OLS, is 
used 

1075 0.740 0.439 

 
Reduced form  When reduced-form 

setup is used 
2295 0.573 0.495 

 
Structural  When structural setup is 

used 
813 0.695 0.461 

c) The Publication Attributes 
  

   
Journal When the study is 

published in a peer-
reviewed journal 

2380 0.596 0.491 

 
Non-Journal When the study is a book 

chapter, working paper, 
IIE article, or thesis 

728 0.635 0.482 

 
Non-Mainland  When if all authors of the 

study have no mainland 
China affiliation 

1702 0.627 0.484 

 
Mainland  When any one of the 

authors of the study has 
1406 0.579 0.494 
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an affiliation in mainland 
China  

Academics When all authors of the 
study are affiliated with 
academic affiliations 

1880 0.577 0.494 

 
Non-Academics When any author of the 

study is affiliated with 
non-academic affiliations 
(e.g., government 
agencies, financial 
institutions). 

1228 0.648 0.478 

d) Subsample Periods 
  

   
1998-2004 When RMB was pegged 

to dollar during 1998-
2004  

1460 0.609 0.488 

 
1994-1997 When RMB was not 

pegged to dollar during 
1994-1997 

735 0.551 0.498 

 
2005-2008 When RMB was not 

pegged to dollar during 
2005-2008 

569 0.735 0.442 

 
2009-2010 When RMB was pegged 

to dollar during 2009-
2010 

164 0.555 0.499 

  2011-2014 When RMB was not 
pegged to dollar during 
2011-2014 

180 0.433 0.497 

Note: See the text for discussions of the study characteristic types. 
 

Table 4. BMA results based on 12 study characteristic types: control for policy regimes 
 

    PIP Post Mean Marginal 
Effect 1 

Marginal 
Effect 2 

Marginal 
Effect 3 

Marginal 
Effect 4 

a) Data Characteristics 
 Annual 0.011  -0.001 

(0.015) 
0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.013) 

 PPP-based 0.011  -0.001 
(0.014) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.013) 

 RER 0.022 0.003 
(0.023) 

0.001 
(0.006) 

0.001 
(0.006) 

0.001 
(0.006) 

0.001 
(0.013) 

 NER/NEER 0.056 0.014 
(0.071) 

0.003 
(0.017) 

0.003 
(0.017) 

0.003 
(0.017) 

0.003 
(0.015) 

b) Theoretical and Estimation Specifications 
 PPP-Penn 0.443  -0.195 

(0.241) 
 -0.046 
(0.057) 

 -0.046 
(0.056) 

 -0.048 
(0.059) 

 -0.047 
(0.022) 

 Other framework 0.407 0.163 
(0.218) 

0.039 
(0.052) 

0.039 
(0.052) 

0.037 
(0.050) 

0.037 
(0.021) 

 Non-Time-series 1.000 0.694 
(0.106) 

0.164 
(0.026) 

0.171 
(0.027) 

0.140 
(0.023) 

0.158 
(0.020) 
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 Non-Cointegration 1.000 0.731 
(0.170) 

0.173 
(0.041) 

0.180 
(0.043) 

0.147 
(0.035) 

0.166 
(0.020) 

 Structural equation 0.458 0.136 
(0.164) 

0.032 
(0.039) 

0.032 
(0.039) 

0.031 
(0.038) 

0.032 
(0.017) 

c) The Publication Attributes 
 Non-Journal 0.054 0.008 

(0.042) 
0.002 
(0.010) 

0.002 
(0.010) 

0.002 
(0.010) 

0.002 
(0.014) 

 Mainland 0.013 0.001 
(0.013) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.013) 

 Non-Academics 0.023 0.002 
(0.018) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.013) 

d) Subsample Periods 
 1994-1997 1.000  -0.197 

(0.095) 
 -0.047 
(0.023) 

 -0.046 
(0.022) 

 -0.048 
(0.023) 

 -0.047 
(0.022) 

 2005-2008 1.000 0.534 
(0.117) 

0.126 
(0.028) 

0.129 
(0.029) 

0.109 
(0.026) 

0.120 
(0.023) 

 2009-2010 1.000  -0.275 
(0.183) 

 -0.065 
(0.043) 

 -0.065 
(0.043) 

 -0.068 
(0.046) 

 -0.067 
(0.043) 

  2011-2014 1.000  -0.879 
(0.176) 

 -0.208 
(0.042) 

 -0.205 
(0.042) 

 -0.213 
(0.050) 

 -0.216 
(0.041) 

Note: “PIP” refers to Posterior Inclusion Probability which measures the likelihood of including a parameter in 
the regression. “Post Mean” report the mean and standard deviation in round parentheses computed from the full 
posterior distribution of a parameter. Bolded figures indicate that the corresponding study characteristic type has 
an estimated PIP greater than 0.5. “Marginal effect 1” to “Marginal effect 4” report four types of marginal effects 
of each study characteristic type and their corresponding posterior standard deviations presented in round 
parentheses. The intercept estimate is not reported for brevity. See the text for the definitions of these marginal 
effect variables.  
 
Table 5. BMA results based on 10 study characteristic types: control for policy regimes 

    PIP Post Mean Marginal 
Effect 1 

Marginal 
Effect 2 

Marginal 
Effect 3 

Marginal 
Effect 4 

a) Data Characteristics 
 Non-Annual 0.071 0.013 

(0.056) 
0.003 
(0.013) 

0.003 
(0.013) 

0.003 
(0.013) 

0.003 
(0.014) 

 Non-PPP-based 0.032 0.004 
(0.029) 

0.001 
(0.007) 

0.001 
(0.007) 

0.001 
(0.007) 

0.001 
(0.013) 

 REER 0.030  -0.003 
(0.022) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.013) 

b) Theoretical and Estimation Specifications 
 BEERs-FEERs 0.017  -0.001 

(0.017) 
 0.000 
(0.004) 

 0.000 
(0.004) 

 0.000 
(0.004) 

0.000 
(0.013) 

 Time-series 1.000  -0.590 
(0.093) 

 -0.140 
(0.022) 

 -0.123 
(0.021) 

 -0.145 
(0.023) 

 -0.135 
(0.019) 

 Cointegration 1.000  -0.649 
(0.095) 

 -0.154 
(0.023) 

 -0.134 
(0.021) 

 -0.160 
(0.024) 

 -0.149 
(0.019) 

 Reduced-form 0.993  -0.370 
(0.096) 

 -0.088 
(0.023) 

 -0.081 
(0.022) 

 -0.090 
(0.023) 

 -0.086 
(0.020) 

c) The Publication Attributes 
 Journal 0.053  -0.007 

(0.038) 
 -0.002 
(0.009) 

 -0.002 
(0.009) 

 -0.002 
(0.009) 

 -0.002 
(0.013) 



35 

 Non-Mainland 0.014  0.000 
(0.009) 

 0.000 
(0.002) 

0.000 
(0.002) 

 0.000 
(0.002) 

 0.000 
(0.013) 

 Academics 0.029  -0.003 
(0.021) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.013) 

d) Subsample Periods 

 1998-2004 1.000 0.054 
(0.076) 

0.013 
(0.018) 

0.013 
(0.018) 

0.013 
(0.018) 

0.013 
(0.018) 

Note: See the note for Table 4. 
 

Table 6.  Synthetic practices based on BMA results in Table 4: control for policy regimes 
    "average" "best 1" "best 2" "best 3" "worst 1" "worst 2" 

General  
specification 

Full Specification 
0.616 
(0.598, 
0.634) 

0.770 
(0.738, 
0.802) 

0.495 
(0.469, 
0.520) 

0.770 
(0.738, 
0.802) 

0.554 
(0.515, 
0.592) 

0.823 
(0.795, 
0.852) 

"1994-1997"=1 
0.572 
(0.534, 
0.609) 

0.736 
(0.691, 
0.780) 

0.449 
(0.409, 
0.489) 

0.736 
(0.692, 
0.780) 

0.508 
(0.457, 
0.559) 

0.795 
(0.756, 
0.834) 

"2005-2008"=1 
0.735 
(0.697, 
0.772) 

0.852 
(0.821, 
0.884) 

0.629 
(0.581, 
0.677) 

0.853 
(0.821, 
0.884) 

0.682 
(0.632, 
0.732) 

0.890 
(0.864, 
0.916) 

"2009-2010"=1 
0.552 
(0.472, 
0.632) 

0.720 
(0.648, 
0.792) 

0.430 
(0.348, 
0.512) 

0.721 
(0.649, 
0.792) 

0.489 
(0.401, 
0.576) 

0.782 
(0.720, 
0.845) 

"2011-2014"=1 
0.403 
(0.328, 
0.478) 

0.585 
(0.504, 
0.665) 

0.292 
(0.224, 
0.360) 

0.585 
(0.505, 
0.666) 

0.344 
(0.265, 
0.422) 

0.663 
(0.585, 
0.741) 

Note: The posterior predictive probabilities are generated from general specification, which refers to the model 
that considers all the study characteristic types. Posterior standard deviations are presented in round parentheses. 
The detailed settings of six synthetic practices are given in Appendix A4. 
 
Table 7.  Synthetic practices based on BMA results in Table 5: control for policy regimes 
    "average" "best 1" "best 2" "best 3" "worst 1" "worst 2" 

General  
specification 

Full Specification 
0.613 
(0.595, 
0.631) 

0.764 
(0.732, 
0.795) 

0.488 
(0.462, 
0.513) 

0.764 
(0.733, 
0.796) 

0.583 
(0.540, 
0.625) 

0.826 
(0.797, 
0.855) 

"1998-2004"=1 
0.620 
(0.594, 
0.645) 

0.769 
(0.734, 
0.803) 

0.495 
(0.463, 
0.527) 

0.769 
(0.735, 
0.804) 

0.590 
(0.543, 
0.636) 

0.830 
(0.799, 
0.860) 

Note: See the note for Table 6. 
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Figure 1. Dollar-based RMB exchange rate and China’ trade surplus 

 
 

Figure 2. U.S. dollar-based RMB exchange rate and the ratio of RMB undervaluation estimates 
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Figure 3. Frequency of studies: Year of publication 
3a. Publication type 

 
 
3b. Language of publication 

 
Note: The year of publication is listed on the x-axis, and the frequency of selected studies published in a given 
year is indicated by the bars. 
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Figure 4. Frequency distributions of the dichotomous RMB misalignment variable  
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Appendices 
A1. Table A1. Studies included in the meta-sample  
ID Author(s) Title Publication 

type 
Language No. of the 

reported 
estimates 

1 Adi and Du (2015) Estimate of equilibrium real exchange rate and 
misalignment of Chinese yuan vis-à-vis US 
dollar 

Journal English 21 

2 Aflouk, Jeong, Mazier 
and Saadaoui (2010) 

Exchange rate misalignments and international 
imbalances: A FEER approach for emerging 
countries 

Journal English 34 

3 Almas, Grewal, Hvide 
and Ugurlu (2017) 

The PPP approach revisited: A study of RMB 
valuation against the USD 

Journal English 21 

4 Benassy-Quere,  
Lahreche-Revil and 
Mignon (2008) 

Is Asia responsible for exchange rate 
misalignments within the G20? 

Journal English 7 

5 Benassy-Quere, Bereau 
and Mignon (2009) 

Robust estimations of equilibrium exchange 
rates within the G20: A panel BEER approach 

Journal English 12 

6 Benassy-Quere, 
Lahreche-Revil and 
Mignon (2011) 

World-consistent equilibrium exchange rates Journal English 6 

7 Chang (2007) Is the Chinese currency undervalued? Empirical 
evidence and policy implications 

Journal English 9 

8 Chang (2008) Estimation of the undervaluation of the Chinese 
currency by a non-linear model 

Journal English 47 

9 Chang and Shao (2004) How much is the Chinese currency 
undervalued? A quantitative estimation 

Journal English 10 

10 Chen (2009) Beyond cheap talks: Assessing the 
undervaluation of the Chinese currency between 
1994 and 2007 

Journal English 110 

11 Cheung, Chinn and 
Fujii (2007) 

The overvaluation of renminbi undervaluation Journal English 33 

12 Cheung, Chinn and 
Fujii (2009) 

Pitfalls in measuring exchange rate 
misalignment: The yuan and other currencies 

Journal English 24 

13 Cheung, Chinn and 
Fujii (2010) 

Measuring renminbi misalignment: Where do 
we stand? 

Journal English 40 

14 Cheung, Chinn and 
Fujii (2017) 

Estimating currency misalignment using the 
Penn effect: It is not as simple as it looks 

Journal English 72 

15 Chou and Shih (1998) The equilibrium exchange rate of the Chinese 
renminbi 

Journal English 3 

16 Fischer and Hossfeld 
(2014) 

A consistent set of multilateral productivity 
approach-based indicators of price 
competitiveness: Results for Pacific Rim 
economies 

Journal English 1 

17 Coudert and Couharde 
(2007) 

Real equilibrium exchange rate in China: Is the 
renminbi undervalued? 

Journal English 30 
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18 Cui (2013) How is the RMB exchange rate misaligned? A 
recent application of Behavioral Equailibrium 
Exchange Rate (BEER) to China 

Journal English 64 

19 Dekle and Ungor 
(2013) 

The real exchange rate and the structural 
transformation(s) of China and the U.S. 

Journal English 51 

20 Frankel (2006) On the yuan: The choice between adjustment 
under a fixed exchange rate and adjustment 
under a flexible rate 

Journal English 2 

21 Funke and Rahn (2005) Just how undervalued is the Chinese renminbi? Journal English 144 
22 Gan, Ward, Su and 

Cohen (2013) 
An empirical analysis of China's equilibrium 
exchange rate: A co-integration approach 

Journal English 72 

23 Garroway, Hacibedel, 
Reisen and Turkisch 
(2012) 

The renminbi and poor-country growth Journal English 14 

24 Giannellis and 
Koukouritakis (2018) 

Currency misalignments in the BRIICS 
countries: Fixed vs. floating exchange rates 

Journal English 21 

25 Goh and Kim (2006) Is the Chinese renminbi undervalued? Journal English 9 
26 Hall, Kenjegaliev, 

Swamy and Tavlas 
(2013) 

Measuring currency pressures: The cases of the 
Japanese yen, the Chinese yuan, and the UK 
pound 

Journal English 88 

27 Hu and Chen (2010) Renminbi already overappreciated: Evidence 
from FEERs (1994-2008) 

Journal English 107 

28 Jeong and Mazier 
(2003) 

Exchange rate regimes and equilibrium 
exchange rates in East Asia 

Journal English 14 

29 Jeong, Mazier and 
Saadaoui (2010) 

Exchange rate misalignments at world and 
European levels: A FEER approach 

Journal English 16 

30 Lipman (2011) Law of yuan price: Estimating equilibrium of 
the renminbi 

Journal English 14 

31 Liu, Jiang and Tang 
(2016) 

Determination of renminbi equilibrium 
exchange rate, misalignment, and official 
intervention 

Journal English 76 

32 Lopez-Villavicencio, 
Mazier and Saadaoui 
(2012) 

Temporal dimension and equilibrium exchange 
rate: A FEER/BEER comparison 

Journal English 28 

33 Lü (2007) Empirical study on the influence of RMB 
exchange rate misalignment on China's export: 
Based on the perspective of dualistic economic 
structure 

Journal English 12 

34 Nouira, Plane and 
Sekkat (2011) 

Exchange rate undervaluation and manufactured 
exports: A deliberate strategy? 

Journal English 12 

35 Peng, Lee and Gan 
(2008) 

Has the Chinese currency been undervalued? Journal English 160 

36 Qin and He (2011) Is the Chinese currency substantially misaligned 
to warrant further appreciation? 

Journal English 80 

37 Sallenave (2010) Real exchange rate misalignments and 
economic performance for the G20 countries 

Journal English 13 
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38 Schroder (2013) Should developing countries undervalue their 
currencies? 

Journal English 14 

39 Tyers, Bain and Bu 
(2008) 

China's equilibrium real exchange rate: A 
counterfactual analysis 

Journal English 11 

40 Wang (2010) The internal and external equilibrium exchange 
rate of RMB: 1982-2010 

Journal English 39 

41 Yang and Bajeux-
Besnainou (2006) 

Is the Chinese currency undervalued?  Journal English 24 

42 Yi (2010) China's equilibrium exchange rate dynamics 
1994-2004: A cointegration analysis 

Journal English 68 

43 You and Sarantis 
(2011) 

Structural breaks and the equilibrium Chinese 
yuan/US dollar real exchange rate: A FEER 
approach 

Journal English 16 

44 You and Sarantis 
(2012a) 

A twelve-area model for the equilibrium 
Chinese yuan/US dollar nominal exchange rate 

Journal English 30 

45 You and Sarantis 
(2012) 

Structural breaks and the equilibrium real 
effective exchange rate of China: A NATREX 
approach 

Journal English 17 

46 Zhang (2001) Real exchange rate misalignment in China: An 
empirical investigation 

Journal English 4 

47 Zhang (2012a) A simple model and its application in the 
valuation of eleven main real exchange rates 

Journal English 17 

48 Zhang and Chen (2014) A new assessment of the Chinese RMB 
exchange rate 

Journal English 76 

49 Chen (2007) Behavior equilibrium exchange rate and 
misalignment of renminbi: A recent empirical 
study 

Working 
paper 

English 100 

50 Chen, Deng and 
Kemme (2008) 

Yuan real exchange rate undervaluation, 1997-
2006. How much, how often? Not much, not 
often 

Working 
paper 

English 11 

51 Cheng and Orden 
(2007) 

Exchange rate misalignment and producer 
support estimates (PSEs) of China 

Working 
paper 

English 12 

52 Cline (2007) Estimating reference exchange rates Working 
paper 

English 3 

53 Cline (2008) Estimating consistent fundamental equilibrium 
exchange rates 

Working 
paper 

English 9 

54 Frait and Komarek 
(2008) 

The debt-adjusted real exchange rate for China Working 
paper 

English 52 

55 Garton and Chang 
(2005) 

The Chinese currency: How undervalued and 
how much does it matter? 

Working 
paper 

English 1 

56 Jeong, Bao and Mazier 
(2007) 

Exchange rate polices since the 1990s and 
lessons from equilibrium exchange rate 
approach: A comparison of China and Vietnam 

Working 
paper 

English 22 

57 Li (2009) Estimating equilibrium real exchange rate and 
real exchange rate misalignment of Chinese 
yuan: 1980-2007 

Working 
paper 

English 15 



42 

58 MacDonald and Dias 
(2007) 

Behavioural equilibrium exchange rate 
estimates and implied exchange rate 
adjustments for ten countries 

Working 
paper 

English 3 

59 Sinnakkannu (2011) A resurgent Chinese yuan undervaluation and its 
international trade competitiveness 

Working 
paper 

English 21 

60 Takagi and Shi (2010) Dynamics of renminbi misalignment: A Markov 
Switching approach 

Working 
paper 

English 63 

61 Wang, Zhao and Han 
(2006) 

Empirical research on RMB equilibrium 
exchange rate: Analysis and forecast based on 
multivariable VAR model 

Working 
paper 

English 46 

62 Zhang (2010) Understanding the behavioral equilibrium 
exchange rate model via its application to the 
valuation of Chinese renminbi 

Working 
paper 

English 7 

63 Zhang (2012b) RMB undervaluation and appreciation Working 
paper 

English 17 

64 Jongwanich (2009) Equilibrium real exchange rate, misalignment, 
and export performance in developing Asia 

ADB 
working 
paper series 

English 55 

65 Zhao and Kanamori 
(2005) 

Misalignment of renminbi exchange rate 
revaluation: Estimation and implications 

ADBI 
working 
paper series 

English 11 

66 Choi (2007) Renminbi undervaluation and the U.S.-China 
bilateral trade balance 

Doctoral 
Thesis 

English 84 

67 Li (2015) Equilibrium exchange rate and misalignment of 
the Chinese renminbi 

Master 
Thesis 

English 80 

68 Benassy-Quere, Duran-
Vigneron, Lahreche-
Revil 
and Mignon (2004) 

Burden sharing and exchange rate 
misalignments within the group of twenty 

Book 
Chapter 

English 16 

69 Cheung (2012) Exchange rate misalignment: The case of the 
Chinese renminbi 

Book 
Chapter 

English 15 

70 Kakkar, Yan and Yip 
(2011) 

The equilibrium real exchange rate of China: A 
productivity approach 

Book 
Chapter 

English 40 

71 Wang (2004) Exchange rate dynamics Book 
Chapter 

English 10 

72 Cline (2013a) Estimates of fundamental equilibrium exchange 
rates, May 2013 

IIE English 4 

73 Cline (2013b) Estimates of fundamental equilibrium exchange 
rates, November 2013 

IIE English 2 

74 Cline (2014a) Estimates of fundamental equilibrium exchange 
rates, May 2014 

IIE English 2 

75 Cline (2014b) Estimates of fundamental equilibrium exchange 
rates, November 2014 

IIE English 2 

76 Cline and Williamson 
(2008) 

New estimates of fundamental equilibrium 
exchange rates 

IIE English 8 

77 Cline and Williamson 
(2009) 

2009 estimates of fundamental equilibrium 
exchange rates 

IIE English 2 
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78 Cline and Williamson 
(2010a) 

Notes on equilibrium exchange rates: January 
2010 

IIE English 1 

79 Cline and Williamson 
(2010b) 

Estimates of fundamental equilibrium exchange 
rates, May 2010 

IIE English 2 

80 Cline and Williamson 
(2011) 

Estimates of fundamental equilibrium exchange 
rates, May 2011 

IIE English 4 

81 Cline and Williamson 
(2012a) 

Estimates of fundamental equilibrium exchange 
rates, May 2012 

IIE English 2 

82 Cline and Williamson 
(2012b) 

Updated estimates of fundamental equilibrium 
exchange rates 

IIE English 2 

83 Subramanian (2010) New PPP-based estimates of renminbi 
undervaluation and policy implications 

IIE English 4 

84 Chen (2013) Measurement of RMB equilibrium exchange 
rate: An empirical study based on DSGE model  

Journal Chinese 90 

85 Huang (2010) Long-term determinants of RMB effective real 
exchange rate: 1994-2009 

Journal Chinese 59 

86 Shi and Yu (2005) Renminbi equilibrium exchange rate and 
China’s exchange rate misalignment: 1991-
2004  

Journal Chinese 87 

87 Sun and Sun (2013) Research on the calculation and application of 
RMB equilibrium exchange rate 

Journal Chinese 1 

88 Wang (2015) Renminbi exchange rate equlibrium, imbalance 
and trade surplus adjustment 

Journal Chinese 68 

89 Wang and Cai (2007) An algorithm of the desirable appreciation scale 
of RMB: A comment on RMB equilibrium-
exchange-rate study  

Journal Chinese 3 

90 Wang and Lin (2013) Study on the measurement and application of 
RMB equilibrium exchange rate 

Journal Chinese 144 

91 Wang and Yao (2008) Estimating RMB equilibrium exchange rate Journal Chinese 28 
92 Zhang (1999) Theory and model of RMB equilibrium 

exchange rate 
Journal Chinese 21 

93 Zhang (2000) Equilibrium and misalignment: Assessing the 
rationality of RMB exchange rate 1978-1999 

Journal Chinese 6 

94 Zhang (2003) RMB equilibrium exchange rate: a single 
equation model under contracted general 
equilibrium 

Journal Chinese 32 

95 Zhou and Tang (2014) The impact of age structure on the equilibrium 
exchange rate 

Journal Chinese 48 

    Total 3108 

Note: The top ten (and most influential) Chinese academic journals on economics journals are “中国社会科学,” 
“管理世界,” “经济研究,” “经济学季刊,” “世界经济,” “金融研究,” “中国工业经济,” “数量经济技术经济研

究,” “中国农村经济,” and “经济学动态.” 
 
A2. Bayesian  Model Averaging 

Consider a linear regression model: 



44 

y ε= +Xθ ; 2~ (0, )TN Iε σ ,      (a1) 

where 1( ,..., )Ty y y ′=  is a Tx1 vector of the dependent variable and ε  is a Tx1 vector of normal random error 
terms. The TxK matrix X = (X1 . X2… XK) contains the K potential explanatory variables, and Xj, j = 1, .2, …, K 
is a Tx1 vector of the j-th explanatory variable. The coefficients of these K variables are in the Kx1 θ  vector. 

Which of the potential explanatory variables should be used to describe the behavior of y? In principle, the 
K potential explanatory variables offer 2K potential models to consider. Let kX  contains the k-th combination of 

the K potential explanatory variables (X1 . X2… XK) and kθ is the corresponding coefficient vector. Then, let Mk 

is the k-th of the 2K models (k = 1, 2, …, 2K), which is represented by k ky ε= +X θ . 
Without a strong (certain) prior of the correct model specification, the selection of an appropriate model to 

describe the behavior of y involves the model selection uncertainty. Bayesian Model Averaging (BMA) alleviates 
the problem of model selection uncertainty by considering all possible model specifications and making 
inferences based on a weighted average of posterior probabilities of these models. For model Mk in the model 
space, its posterior model probability, ,  ( | )k kp M y X , is given by the Bayes’ theorem:  

,  
,  

2

,  
1

( | ) ( )( | )
( | ) ( )

K
k k k

k k

j j j
j

p y M p Mp M y
p y M p M

=

=

∑

XX
X

,      (a2) 

where ,  ( | )k kp y M X  is the marginal likelihood of the model Mk, and ( )kp M  is the prior model probability. The 

posterior model probability ,  ( | )k kp M y X  indicates how well a model fits the data. It is analogous to the R2 
estimate or information criteria in frequentist statistics. 

The full posterior probability of a coefficient jθ ; j = 1, …., K, vector θ , is 
2

,  ,  ,  
1

( | ) ( | ) ( | , )
K

j k k j k k
k

p y p M y p y Mθ θ
=

=∑X X X ,     (a3)  

which is sum of posterior probabilities of jθ  ( ,( | , )j k kp y Mθ X ’s) weighted by the respective posterior model 
probabilities in the model space. 

The notion of posterior inclusion probability (PIP) is used to infer if a coefficient (and the corresponding 
explanatory variable) should be included in the chosen model. For a given variable jX  (with coefficient jθ ), its 
PIP is given by 

,  ( | )
j k

j k kPIP p M y
θ ∈

=∑ θ
X ;      (a4) 

that is, the sum of posterior probabilities of models that include the variable jX . The PIP is a measure to assess 

the (relative) level that the data favor the inclusion of variable jX  in the chosen model. If the PIP of a variable 
lies between 0.5-0.75, 0.75-0.95, 0.95-0.99, and 0.99-1, then the variable is considered as an acceptable, 
substantial, strong and decisive effect (Kass and Raftery, 1995; Havranek et al., 2015b). A variable with PIP 
smaller than 0.5 is considered ignorable. 

The priors on models and priors on coefficients are required to estimate posterior distributions. It is common 
to employ conservative priors to reflect the situation that the researcher knows little about the unknown models 
and unknown parameters. Therefore, we assign a uniform model prior (prior on models) and approximate unit 
information prior on parameters in our logit model-based BMA meta-analysis following Raftery et al. (2005), 
Amini and Parmeter (2011), and Zeugner and Feldkircher (2015). These are quite conservative and reflect 
unknown true model size and parameter signs. Specifically, with 2K possible models, a uniform model prior sets 
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the common prior model probability to ( ) 2 K
kp M −=  . And a simple Bayesian Information Criterion (BIC) 

approximation is used to construct the prior probabilities on parameters. For any coefficient, for instance 1θ ,  the 

BIC for all models that include 1θ  is calculated, then the posterior probability that 1θ  is in the model would be 

1

,  1
:

1

exp( / 2)
( 0 | )

exp( / 2)j

j
K

j M
i

i

BIC
p y

BICθ

θ
∈

=

−
≠ =

−
∑

∑
X  (Amini and Parmeter, 2011). 

It is usually inefficient or unfeasible to compute all potential models as enumerating all models can be quite 
time intensive, especially with a large number of variables. The BMA package in R employs the leaps and bounds 
algorithm to exhaustively search and find the globally optimal models with high posterior model probabilities 
(Raftery et al., 2005; Raftery et al., 2018). 
 
A3. Posterior predictive probabilities and marginal effects  

In this exercise, we employ a binary qualitative response model to examine the effects of study 
characteristics on the reported qualitative RMB misalignment estimates. Specifically, we consider the logit model: 

'( 1| ) ( )i ij iP Y X F= = Χ Β      (a5) 

where ( 1| )i ijP Y X=  is the probability of 1iY =  conditional on ijX , and iY  is the i-th observation of the random 
binary variable which takes the value of one when the corresponding RMB misalignment estimate is an 
undervalued estimate and the value of zero when it is an non-undervalued estimate. The logistic distribution 

function is given by ' ' '( ) exp( ) / [1 exp( )]i i iF Χ Β ≡ Χ Β + Χ Β . The regressors '
iΧ Β ≡ 1

J
j j ijXα β=+ Σ , and ijX  is the j-

th characteristic type of the study that reported the RMB misalignment estimate corresponding to iY , and J is the 
total number of study characteristic types under consideration. 

Let '( 1| ) ( )i i ij ip P Y X F≡ = ≡ Χ Β  , then ˆ ip   = 1 1
ˆ ˆˆ ˆexp( ) / [1 exp( )]α β α β= =+ Σ + +ΣJ J

j j ij j j ijX X  , where “^” 
denotes an estimate. Under BMA framework, Hoeting et al. (1999) point out that the posterior predictive variable 
of interest (i.e., the probability of RMB undervaluation in our case) and corresponding posterior variance are 
based on the posterior predictive distribution for individual models and a mixture of these posterior predictive 
distributions for BMA. Suppose that N models are selected via BMA procedure, then the posterior predictive 
probability of RMB undervaluation conditional on hypothetical combinations of study characteristics and 
corresponding posterior variance are given by: 

1

1

ˆ ˆ *

ˆ ˆvar( ) var( ) *
=

=

=

=

∑
∑

N
n nn

N
n nn

p p PMP

p p PMP
               (a6) 

where ˆ np is the predictive probability under model n; nPMP  is the posterior model probability of model n; ˆvar( )np
is the variance of ˆ np , which can be derived by using delta method. 

We can rewrite equation (a5) as: 
1ln( / [1 ]) J

i i j j ijp p Xα β=− = + Σ     (a7) 

The coefficient jβ  represents the effect of one-unit increase in ijX  on ln( )
1

i

i

p
p−

. The marginal effect of ijX on 

ip   is i ijdp dX  , and is given by (1 )j i ip pβ −  . Thus, the empirical marginal effect can be computed from 
ˆ ˆ ˆ(1 )β −j i ip p . Notably ˆ ip  = 1 1

ˆ ˆˆ ˆexp( ) / [1 exp( )]α β α β= =+ Σ + +ΣJ J
j j ij j j ijX X , suggesting that i ijdp dX depends on all 

the parameter estimates and the values of study characteristics of study i. 
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To comprehensively examine the effects of each study characteristic type, we calculate three types of 
marginal effects using ˆ ˆ ˆ(1 )β −j i ip p , which are listed in Tables 4-5 and Tables A3-4. Specifically, “marginal effect 

1” refers to the marginal effect of each study characteristic type where the ˆ ip  is calculated by using the sample 

mean of all variables. That is, we use their sample means of ijX to calculate ˆ ip  in 1
ˆ ˆˆ ˆln( )

ˆ1
Ji
j j ij

i

pL X
p

α β=≡ = + Σ
−

. 
Because most ijX s are zero-one variables, a unit change from their means will be out of the zero-one 

bound. Therefore, we consider another two cases: “marginal effect 2” and “marginal effect 3.” “Marginal effect 
2” refers to the marginal effect of each study characteristic type where the ˆ ip   is calculated by using the 
corresponding variable equal to zero and keeping the other variables to their sample means. That is, we use 

0ikX =  and the sample means of ( )ijX j k≠  to calculate ip  in 1,
ˆ ˆ ˆˆ ˆln( )

ˆ1
α β β= ≠≡ = + + Σ

−
Ji

k ik j j k j ij
i

pL X X
p

. 

 “Marginal effect 3” refers to the marginal effect of each study characteristic type where the ˆ ip   is 
calculated by using the corresponding variable equal to one and keeping the other variables to their sample means. 
That is, we use 1ikX =   and the sample means of ( )ijX j k≠   to calculate ˆ ip   in 

1,
ˆ ˆ ˆˆ ˆln( )

ˆ1
α β β= ≠≡ = + + Σ

−
Ji

k ik j j k j ij
i

pL X X
p

.  

Moreover, Caudill and Jackson (1989) and Anderson and Newell (2003) proposed an alternative approach. 
That is, the marginal effect can be expressed as

( ) ( )
ˆ ˆ( 1| 1, ) ( 1| 0, )≠ ≠= = = = − = = = i ik ij j k i ij ij j kP P Y X X mean P Y X X mean , which is displayed as “marginal effect 

4.” 
In summary, “marginal effect 1” = ˆ ˆ ˆ(1 )β −j average averageP P  ; “marginal effect 2” =

marginal effect 2 marginal effect 2
ˆ ˆ ˆ(1 )β −j P P ; “marginal effect 3” = marginal effect 3 marginal effect 3

ˆ ˆ ˆ(1 )β −j P P ; and “marginal effect 4” = 

marginal effect 3 marginal effect 2
ˆ ˆ−P P  . Notably âverageP  = ( )

ˆ ( 1| , )i ik ij j kP Y X mean X mean≠= = =  ; marginal effect 2P̂  =

( )
ˆ ( 1| 0, )i ik ij j kP Y X X mean≠= = = ; and marginal effect 3P̂ = ( )

ˆ ( 1| 1, )i ik ij j kP Y X X mean≠= = = . 

The variances of marginal effects can be simply expressed as ˆ ˆ ˆvar( (1 ))β −j P P  in “marginal effects 1-3” 

and marginal effect3 marginal effect 2
ˆ ˆvar( )−P P  in “marginal effect 4.” The variance of product of multiple variables can be 

expressed as: 

2

2 2

2 2

1 1

2 2
1 1 1

2 2
1 1
2 2

1 1

var( ... ) [( ... ) ] ( [ ... ])

[ ... ] ( [( ] [ ])

[ ] [ ] ( [ ]) ( [ ])

( ( ) ( [ ]) ) ( [ ])

n n n

n

n n

i i i
i i

n

n n

X X X X X X

X X X X

X

E E

E E E

E E E E

var X E X E

X X X

X
= =

−

= −

= −

= ∏ +

=

−∏



     (a8) 

However, the covariances among ˆ
jβ  and P̂ (including âverageP , marginal effect 2P̂ , and marginal effect 2P̂ ) are not available. 

To get a rough idea on the posterior standard deviations of marginal effects, suppose that ˆ
jβ   and P̂  are 

independent, then the variance of “marginal effects 1-3” is as follows: 
2 2 2

2 2 2

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆvar( (1 )) ( ( ) ( [ ]) )( ( ) ( [ ]) )( (1 ) ( [1 ]) )
ˆ ˆ ˆ                             ( [ ]) ( [ ]) ( [1 ])

β β β

β

− =

−

+ + +− − −j j j

j

var E var E var E

E E

P P P P P P

P PE
 (a9) 

And the variance of “marginal effect 4” can be calculated by: 
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marginal effect3 marginal effect 2 marginal effect3 marginal effect 2
ˆ ˆ ˆ ˆvar( ) var( ) var( )− = +P P P P   (a10) 

 
 
A4. Table A2. The settings of “synthetic practices” 
    "average" "best 1" "best 2" "best 3" "worst 1" "worst 2" 
a) Data Characteristics      
 

Non-Annual sample mean 0 1 0 1 0  
Annual sample mean 1 0 1 0 1  
Non-PPP-based  sample mean 0 1 0 1 0  
PPP-based sample mean 1 0 1 0 1  
REER sample mean 1 1 0 0 0  
RER sample mean 0 0 1 0.5 0.5  
NER/NEER sample mean 0 0 0 0.5 0.5 

b) Theoretical and Estimation Specifications     
 

BEERs-FEERs sample mean 0 1 0 0.5 0  
PPP-Penn  sample mean 1 0 1 0 0.5  
Other frameworks sample mean 0 0 0 0.5 0.5  
Time series sample mean 0 1 0 1 0  
Non-Time series sample mean 1 0 1 0 1  
Cointegration  sample mean 0 1 0 1 0  
Non-
Cointegration  

sample mean 1 0 1 0 1 
 

Reduced form   sample mean 1 1 1 0 0  
Structural  sample mean 0 0 0 1 1 

c) The Publication Attributes      
 

Journal sample mean 1 1 1 0 0  
Non-Journal sample mean 0 0 0 1 1  
Non-Mainland  sample mean mean 1 1 mean 0  
Mainland   sample mean mean 0 0 mean 1  
Academics sample mean 1 1 1 0 0  
Non-Academics sample mean 0 0 0 1 1 

d) Subsample Periods 
 

     
 

1998-2004 sample mean mean mean mean mean mean  
1994-1997 sample mean mean mean mean mean mean  
2005-2008 sample mean mean mean mean mean mean  
2009-2010 sample mean mean mean mean mean mean 

  2011-2014 sample mean mean mean mean mean mean 
 
A5.  Additional analyses 
A5.1 Alternative BMA results: including top journals as a separate study characteristic type  
Table A3. Alternative BMA results based on 13 study characteristic types: control for policy regimes 

    PIP Post 
Mean Post SD 

a) Data Characteristics 
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 Annual 0.005 0.000 0.009 
 PPP-based 0.004 0.000 0.007 
 RER 0.023 0.003 0.024 
 NER/NEER 0.054 0.014 0.070 
b) Theoretical and Estimation Specifications 
 PPP-Penn 0.448 -0.197 0.241 
 Other framework 0.421 0.168 0.219 
 Non-Time-series 1.000 0.695 0.106 
 Non-Cointegration 1.000 0.731 0.171 
 Structural equation 0.453 0.134 0.163 
c) The Publication Attributes 
 Non-Journal 0.049 0.008 0.042 
 Top 0.004 0.000 0.009 
 Mainland 0.013 0.001 0.013 
 Non-Academics 0.017 0.001 0.015 
d) Subsample Periods 
 1994-1997 1.000 -0.197 0.095 
 2005-2008 1.000 0.534 0.117 
 2009-2010 1.000 -0.276 0.183 
 2011-2014 1.000 -0.879 0.176 
  (Intercept) 1.000 -0.007 0.073 

Note: See the note for Table 4. 
 
Table A4. Alternative BMA results based on 11 study characteristic types: control for policy regimes 

    PIP Post 
Mean Post SD 

a) Data Characteristics 
 Non-Annual 0.071 0.013 0.056 
 Non-PPP-based 0.031 0.004 0.029 
 REER 0.029 -0.003 0.022 
b) Theoretical and Estimation Specifications 
 BEERs-FEERs 0.016 -0.001 0.016 
 Time-series 1.000 -0.589 0.093 
 Cointegration 1.000 -0.648 0.095 
 Reduced-form 0.993 -0.370 0.096 
c) The Publication Attributes 
 Journal 0.051 -0.007 0.037 
 Non-top 0.034 0.006 0.038 
 Non-Mainland 0.013 0.000 0.009 
 Academics 0.030 -0.003 0.022 
d) Subsample Periods 
 1998-2004 1.000 0.054 0.076 
  (Intercept) 1.000 1.525 0.120 

Note: See the note for Table 4. 
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Table A5. Alternative BMA results based on 17 study characteristic types: without controlling for policy 
regimes 
    PIP Post Mean Post SD 
a) Data Characteristics 
 Annual 0.016 -0.001 0.018 
 PPP-based 0.016 -0.001 0.016 
 RER 0.025 0.003 0.022 
 NER/NEER 0.057 0.015 0.071 
b) Theoretical and Estimation Specifications 
 PPP-Penn 0.543 -0.250 0.254 
 Other framework 0.354 0.136 0.204 
 Non-Time-series 1.000 0.704 0.106 
 Non-Cointegration 1.000 0.759 0.177 
 Structural equation 0.409 0.123 0.162 
c) The Publication Attributes 
 Non-Journal 0.044 0.006 0.037 
 Non-top 0.014 -0.001 0.017 
 Mainland 0.019 0.001 0.015 
 Non-Academics 0.023 0.002 0.018 
d) Subsample Periods 
 1994-1997 0.088 -0.016 0.058 
 2005-2008 1.000 0.617 0.113 
 2009-2010 0.033 -0.008 0.053 
 2011-2014 0.999 -0.792 0.174 
  (Intercept) 1.000 -0.077 0.067 

Note: See the note for Table 4. 
 
Table A6. Alternative BMA results based on 12 study characteristic types: without controlling for policy 
regimes 

    PIP Post 
Mean 

Post 
SD 

a) Data Characteristics 
 Non-Annual 0.073 0.014 0.057 
 Non-PPP-based 0.031 0.004 0.029 
 REER 0.027 -0.002 0.021 
b) Theoretical and Estimation Specifications 
 BEERs-FEERs 0.015 -0.001 0.015 
 Time-series 1.000 -0.592 0.093 
 Cointegration 1.000 -0.645 0.095 
 Reduced-form 0.994 -0.371 0.095 
c) The Publication Attributes 
 Journal 0.050 -0.007 0.037 
 Non-top 0.036 0.006 0.040 
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 Non-Mainland 0.013 0.000 0.009 
 Academics 0.030 -0.003 0.022 
d) Subsample Periods 
 1998-2004 0.017 0.001 0.012 
  (Intercept) 1.000 1.549 0.116 

Note: See the note for Table 4. 
 
A5.2 Alternative BMA results: considering subsample periods as study characteristic types 
Table A7. Alternative BMA results based on 16 study characteristic types 

    PIP Post 
Mean 

Marginal 
Effect 
1 

Marginal 
Effect 
2 

Marginal 
Effect 
3 

Marginal 
Effect 
4 

a) Data Characteristics 
 Annual 0.016  -0.001 

(0.018) 
0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.013) 

 PPP-based 0.016  -0.001 
(0.017) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.013) 

 RER 0.025 0.003 
(0.022) 

0.001 
(0.005) 

0.001 
(0.005) 

0.001 
(0.005) 

0.001 
(0.013) 

 NER/NEER 0.058 0.015 
(0.071) 

0.004 
(0.017) 

0.004 
(0.017) 

0.003 
(0.017) 

0.003 
(0.015) 

b) Theoretical and Estimation Specifications 

 PPP-Penn 0.544  -0.251 
(0.254) 

 -0.059 
(0.060) 

 -0.058 
(0.059) 

 -0.061 
(0.062) 

 -0.061 
(0.023) 

 Other framework 0.353 0.136 
(0.204) 

0.032 
(0.048) 

0.032 
(0.048) 

0.031 
(0.047) 

0.031 
(0.020) 

 Non-Time-series 1.000 0.704 
(0.106) 

0.167 
(0.025) 

0.173 
(0.027) 

0.142 
(0.023) 

0.160 
(0.020) 

 Non-Cointegration 1.000 0.759 
(0.177) 

0.180 
(0.042) 

0.188 
(0.044) 

0.151 
(0.037) 

0.172 
(0.020) 

 Structural equation 0.409 0.123 
(0.162) 

0.029 
(0.038) 

0.029 
(0.039) 

0.028 
(0.038) 

0.028 
(0.017) 

c) The Publication Attributes 

 Non-Journal 0.044 0.006 
(0.037) 

0.002 
(0.009) 

0.002 
(0.009) 

0.002 
(0.009) 

0.002 
(0.013) 

 Mainland 0.019 0.001 
(0.015) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.013) 

 Non-Academics 0.024  0.002 
(0.018) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.013) 

d) Subsample Periods 

 1994-1997 0.090  -0.016 
(0.058) 

 -0.004 
(0.014) 

 -0.004 
(0.014) 

 -0.004 
(0.014) 

 -0.004 
(0.014) 



51 

 2005-2008 1.000 0.617 
(0.113) 

0.146 
(0.027) 

0.149 
(0.028) 

0.123 
(0.024) 

0.138 
(0.022) 

 2009-2010 0.033  -0.008 
(0.053) 

 -0.002 
(0.013) 

 -0.002 
(0.013) 

 -0.002 
(0.013) 

 -0.002 
(0.015) 

 2011-2014 0.999  -0.792 
(0.174) 

 -0.187 
(0.042) 

 -0.185 
(0.041) 

 -0.194 
(0.048) 

 -0.195 
(0.041) 

  (Intercept) 1.000  -0.077 
(0.067)         

Note: See the note for Table 4. 
 
Table A8. Alternative BMA results based on 11 study characteristic types 

    PIP Post 
Mean 

Marginal 
Effect 
1 

Marginal 
Effect 
2 

Marginal 
Effect 
3 

Marginal 
Effect 
4 

a) Data Characteristics 
 Non-Annual 0.073 0.014 

(0.057) 
0.003 
(0.014) 

0.003 
(0.014) 

0.003 
(0.014) 

0.003 
(0.014) 

 Non-PPP-based 0.032 0.004 
(0.030) 

0.001 
(0.007) 

0.001 
(0.007) 

0.001 
(0.007) 

0.001 
(0.013) 

 REER 0.028  -0.003 
(0.021) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.013) 

b) Theoretical and Estimation Specifications 

 BEERs-FEERs 0.015  -0.001 
(0.015) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.004) 

0.000 
(0.013) 

 Time-series 1.000  -0.592 
(0.093) 

 -0.140 
(0.022) 

 -0.124 
(0.021) 

 -0.145 
(0.023) 

 -0.136 
(0.019) 

 Cointegration 1.000  -0.645 
(0.095) 

 -0.153 
(0.023) 

 -0.134 
(0.021) 

 -0.159 
(0.024) 

 -0.148 
(0.019) 

 Reduced-form 0.993  -0.372 
(0.095) 

 -0.088 
(0.023) 

 -0.082 
(0.021) 

 -0.090 
(0.023) 

 -0.086 
(0.020) 

c) The Publication Attributes 

 Journal 0.052  -0.007 
(0.038) 

 -0.002 
(0.009) 

 -0.002 
(0.009) 

 -0.002 
(0.009) 

 -0.002 
(0.013) 

 Non-Mainland 0.014 0.000 
(0.009) 

0.000 
(0.002) 

0.000 
(0.002) 

0.000 
(0.002) 

0.000 
(0.013) 

 Academics 0.029  -0.003 
(0.021) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.005) 

 -0.001 
(0.013) 

d) Subsample Periods 

 1998-2004 0.017 0.001 
(0.012) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.003) 

0.000 
(0.013) 

  (Intercept) 1.000 1.555 
(0.109)         
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Note: See the note for Table 4. 
 
We redid the synthetic practices following section 5.2 considering subsample periods as study 

characteristic types. Under the median probability model specification based on Table A3, the (2.5%, 50%, 
97.5%)-quantiles of the estimated posterior predictive probability are (0.583,  0.604, 0.625) when the included 
study characteristic types assume their average sample values, are (0.644,  0.723, 0.802) when assume the value 
of one, and are (0.454,  0.481, 0.508) when assume the value of zero. The (2.5%, 50%, 97.5%)-quantiles of the 
estimated posterior predictive probability of the “positive” and “negative” median probability model 
specifications are, respectively, (0.849,  0.879, 0.909) and (0.181, 0.247, 0.314). These predictive probabilities 
based on median probability model specifications are in line with the corresponding results in Section 5.2.22 For 
the general model, the predictive probabilities under synthetic practices are presented in Tables A5 and A6. 
 
Table A9. Synthetic practices based on alternative BMA results in Table A3 
    "average" "best 1" "best 2" "best 3" "worst 1" "worst 2" 

General  
specification 

Full Specification 0.615 
(0.009) 

0.768 
(0.017) 

0.496 
(0.013) 

0.768 
(0.016) 

0.548 
(0.019) 

0.822 
(0.015) 

"1994-1997"=1 0.597 
(0.012) 

0.753 
(0.018) 

0.477 
(0.014) 

0.754 
(0.018) 

0.529 
(0.020) 

0.809 
(0.016) 

"2005-2008"=1 0.736 
(0.019) 

0.852 
(0.016) 

0.632 
(0.024) 

0.852 
(0.016) 

0.678 
(0.025) 

0.889 
(0.013) 

"2009-2010"=1 0.599 
(0.013) 

0.755 
(0.019) 

0.479 
(0.015) 

0.755 
(0.019) 

0.531 
(0.021) 

0.811 
(0.016) 

"2011-2014"=1 0.405 
(0.038) 

0.584 
(0.041) 

0.296 
(0.035) 

0.585 
(0.041) 

0.341 
(0.040) 

0.662 
(0.040) 

Note: See the note for Table 6. 
 
Table A10. Synthetic practices based on alternative BMA results in Table A4 
    "average" "best 1" "best 2" "best 3" "worst 1" "worst 2" 

General  
specification 

Full Specification 0.613 
(0.009) 

0.763 
(0.016) 

0.488 
(0.013) 

0.764 
(0.016) 

0.583 
(0.022) 

0.826 
(0.015) 

"1998-2004"=1 0.613 
(0.009) 

0.763 
(0.016) 

0.488 
(0.013) 

0.764 
(0.016) 

0.583 
(0.022) 

0.826 
(0.015) 

Note: See the note for Table 6. 
 
 

 

                                                 
22 We also conducted a similar analysis with median probability model specifications derived from Table A4. The results also in line 
with corresponding results in Section 5.2. 
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