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Abstract 
Trade openness remains one of the key drivers of exchange rate fluctuations in both the long-run and short-run. The relationship between trade openness and exchange rate has long been explained in many theoretical and empirical studies. Nevertheless, in the empirical literature, the results on the trade openness and exchange rate nexus were mixed and divergent; while most studies revealed a negative relationship between trade openness and exchange rate, some found a positive relationship and very few even demonstrated a null relationship. To this end, the present study aims at investigating the underlying elements influencing the trade openness and exchange rate nexus within a meta-analysis framework. In particular, we perform a meta-regression analysis on 60 studies with a total of 295 estimates. In addition, our findings reveal that the variation in the impact of trade openness on exchange rate are due to country characteristics, data characteristics and estimation characteristics. 
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1. Introduction 

The factors that usually cause exchange rate to fluctuate have long been explained in many theoretical and empirical studies. Trade openness is one of the mostly employed variable in the investigation of the factors influencing exchange rate. It also remains one of the key determinants of these fluctuations in exchange rate, especially in developing countries (Ouattara & Strobl, 2008; Elbadawi et al., 2012). In literature, trade openness is usually used to empirically test the effect of trade policy restrictions, such as tariffs and quotas, on exchange rate. As such, lifting of existing trade policy restrictions, proxied by an increase in trade openness, causes exchange rate to depreciate. In other words, there exists a negative relationship between trade openness and exchange rate. Nevertheless, in the empirical literature, the results on the trade openness and exchange rate nexus were mixed and divergent; while most studies depicted a negative relationship between trade openness and exchange rate (see for instance, Holden et al., 1979; Kim & Korhonen, 2005; Ouattara & Strobl, 2008; Elbadawi et al., 2012; Gan et al., 2013; Njindan Iyke & Odhiambo, 2015; Nouira & Sekkat, 2015; Toulaboe, 2017), some concluded a positive relationship (Komárek & Melecký, 2005; Coleman, 2008; Dao & Trinh, 2012; Njindan Iyke & Odhiambo, 2016; Fillemon, 2017) and very few even showed that trade openness has no significant effect on exchange rate (Algieri, 2013; Edwards, 1988; Ho & Ariff, 2014). 
To this end, the present study aims at investigating the underlying elements influencing the effect of trade openness on exchange rate by applying a meta-regression analysis. In particular, on the basis of the literature available, a thorough examination of our data set is done to obtain answers to a series of questions highly relevant for both researchers and policy-makers: (1) Do data characteristics, specification characteristics and estimation characteristics systematically influence the estimates of trade openness on exchange rate? (2) Do the country’s characteristics affect the size of the impact of trade openness on exchange rate? The study supplements the literature by bringing a comprehensive quantitative synthesis of the openness-exchange rate literature while analysis the potential factors affecting this relationship. 
2. Methodology
Study Selection
The first step of any meta-analysis is to collect the maximum possible number of empirical studies on the topic. As such, a systematic search of the literature has been conducted using Google scholar and journal databases such as Science Direct (http://www.sciencedirect.com/), Wiley Online Library (http://onlinelibrary.wiley.com/),  Taylor and Francis Online (http://www.tandfonline.com/) and Springer (https://link.springer.com/) with keywords: “trade openness”, “exchange rate”, “effect of trade openness on exchange rate”, “trade openness and exchange rate nexus” and “determinants of exchange rate” through until 2017. A search has also been carried out on the web sites of research institutes working on the topic and references from existing empirical studies. Pure theoretical papers and those written in languages other than English have been excluded from our search. As such, we have also included master and Ph.D dissertations, articles from local journals and working papers. The searching process was repeated until no new studies have been found. The last study was added on 30 November 2017. The above search has initially produced a sample of 350 studies.

After having collected a maximum number of studies on the trade openness and exchange rate nexus, we proceed with the selection of studies to be included in our meta-regression analysis. To have a consistent analysis, four selection criteria have been established for the inclusion of studies in the meta-regression analysis: (i) the study must include a dependent variable describing exchange rate;(ii) the study must consist of an independent variable measuring trade openness;(iii) the study must report an empirical estimate measuring the effect of trade openness on exchange rate and (iv) the study must provide information on precision of estimates (t-statistics or standard-errors). Our sample was thus reduced to 62 studies with a total of 337 estimates of the effect of trade openness on exchange rate. However, we observe that even after a careful re-checking of the data, several estimates remain remarkably different from the main population. These extreme values (outliers) might affect the results and the graphical analysis. Some meta-analysts (Iršová and Havránek, 2013; Demena and Van Bergeijk, 2017) consider estimates and precision of estimates (t-statistics) larger than 10 in absolute value as outliers, and they excluded these estimates from their analysis. As such, following Havránek and Iršová (2011), we use the multivariate method of Hadi (1994) to jointly detect outliers in both the estimates and their precision. By this procedure, we identify a total of 64 observations as outliers. We, thus, continue our analysis using a much narrower set consisting of 295 estimates of the effect of trade openness on exchange rate from 60 studies, without the outliers. The oldest study in our sample was published in 1979 and the most recent in 2017
. Since different studies use different units of measurement, the estimates are not directly comparable. Thus, following previous meta-analyses conducted in economics (Valickova et al., 2015; Iwasaki and Tokunaga, 2014; Iwasaki and Tokunaga, 2016; Hamdaoui, 2017), we use partial correlation coefficients as standardized effect sizes to summarize and compare the results from various studies.
.
Meta-regression Analysis
It can be observed from the theoretical and empirical literature on the relationship between trade openness and exchange rate that studies differ in terms of geographical context, data characteristics, estimation characteristics and specification characteristics. We, therefore, employ a meta-regression analysis to synthesize all the results in a common framework. 
Explanatory variables

Building on the theoretical and empirical studies on the trade openness and exchange rate nexus, a list of 43 explanatory variables (9 potential determinants of trade openness and 34 control variables), known as moderator variables, are compiled to explain why the estimates of trade openness vary from one study to another. Following Iršová and Havránek (2013) and Havránek and Iršová (2011), all potential trade openness determinants are computed at the country level based on values from 1993, the median year of the data used in the primary studies. In order to distinguish between different important criteria, we define five main groups of moderator variables: country characteristics, data characteristics, specification characteristics, estimation characteristics and publication characteristics. Table below provides details on the construction of all variables and their summary statistics. 

Table 1
Description of regression variables
	Variable
	Description

	PCC
	The partial correlation coefficient derived from the estimate of the trade openness-exchange rate relationship

	t-statistic
	The t-statistic of the estimated coefficient of trade openness on exchange rate

	1/Sepcc
	The precision of the partial correlation coefficient

	Country characteristics
	

	Geographical distance
	The logarithm of the share of exports from the country’s main trading partner weighted by the distance between the country and the respective main trading partner

	Terms of trade
	The net barter terms of trade (commodity terms of trade) of the country

	GDP per capita
	The logarithm of the country’s GDP per capita, PPP (constant 2011 international US$)

	REER
	The logarithm of the real effective exchange rate of the country

	Inflation
	The logarithm of the inflation rate of the country

	Total population
	The logarithm of the country’s total population 

	Total area
	The logarithm of the country’s total area in square kilometres

	Government size
	The size of the country’s government

	Trade policy
	The degree of the liberalization of the country’s trade regimes, proxied by the freedom to trade internationally index.

	Developing (base category)
	=1 if the study was conducted in a developing country 

	Developed
	=1 if the study was conducted in a developed country 

	Landlocked
	=1 if the study was conducted in a landlocked country

	Data Characteristics
	

	Time span
	The logarithm of the number of years of data used

	Sample size
	The logarithm of the number of observations used

	No. of countries
	The number of countries included in the study

	Annual (base category)
	=1 if annual data was used

	Quarterly
	=1 if quarterly data was used

	Time series (base category)
	=1 if time series data was used

	Panel
	=1 if panel data was used

	Specification characteristics
	

	Theoretical background
	

	BEER (base category)
	=1 if the study employed the Behavioural Equilibrium Exchange Rate approach

	FEER
	=1 if the study employed the Fundamental Equilibrium Exchange Rate approach

	Nature of dependent variable
	

	REER (base category)
	=1 if the real effective exchange rate was used

	RER 
	=1 if the real exchange rate was used 

	Estimation Characteristics
	

	OLS
	=1 if ordinary least squares (OLS) was used for the estimation of the regression coefficients

	SURE
	=1 if the seemingly unrelated regression equations method was used for the estimation of the regression coefficients

	FE
	=1 if the fixed effect estimator was used for the estimation of the regression coefficients

	Johansen
	=1 if the Johansen cointegration technique was used for the estimation of the regression coefficients

	ARDL (base category)
	=1 if the autoregressive distributed lag model was used for the estimation of the regression coefficients

	PMG
	=1 if the pooled mean group estimator was used for the estimation of the regression coefficients

	DOLS 
	=1 if dynamic ordinary least squares are used for the estimation of the regression coefficients

	FMOLS
	=1 if the fully modified ordinary least squares method  was used for the estimation of the regression coefficients

	GMM
	=1 if the generalised method of moment method  was used for the estimation of the regression coefficients

	VECM
	=1 if the vector error correction model was used for the estimation of the regression coefficients

	Log_log (base category)
	=1 if the regression was estimated within a log-log specification

	Log_level
	=1 if the regression was estimated within a log-level specification

	Lagged
	=1 if a lagged trade openness variable was used in the study

	Differences
	=1 if the regression was estimated in differences

	Long run (base category)
	=1 if the estimated trade openness-exchange rate effect is long-term

	Short run 
	=1 if the estimated trade openness-exchange rate effect is short-term

	Regressors
	The total number of explanatory variables included in the regression excluding the constant term

	Publication Characteristics
	

	Publication year
	The logarithm of the publication year of  the study

	Crisis
	=1 if the study included in its sample the years of the recent global financial crisis (2007-09)

	Journal (base category)
	=1 if the study was published in a journal

	Working paper 
	=1 if the study appeared as a working paper


Source: Author’s own computations using data from World Integrated Trade Solution (WITS) database,  www.cepii.fr, World Development Indicators, The Fraser Institute of Economic Freedom (www.fraserinstitute.org) and www.bruegel.org.  For country-level variables, we use values for 2004 for the geographical distance, terms of trade, government size and trade policy, and 1993, the median year of the data used in the primary studies, for the others.

Due to the presence of publication selection bias in our sample (results available on demand), we consider the following meta-regression model, as suggested by Stanley et al. (2008): 
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where i and j denote the partial correlation coefficient and study subscripts; [image: image3.png]


 represents the true effect, corrected for publication bias; [image: image5.png]


 is the standard error of the partial correlation coefficient; X is a set of moderator variables that are assumed to affect the reported estimates; N denotes the total number of moderator variables; and [image: image7.png]


 is the error term. Nevertheless, equation (1) is heteroscedastic (see Valickova et al., 2015). Following, Havránek and Iršová (2011) and Valickova et al. (2015), in order to correct for heteroscedasticity, we divide equation (3) by the standard error of the partial correlation coefficients, and add the random-effects component. This method is known as the weighted least square (WLS) method.
3. Meta-regression Results
Another important issue that arises after specifying the meta-regression model is which moderator variable from our set of above-mentioned variables should be included in our regression models. Without doubt, including all 43 explanatory variables would result into multi-collinearity and spurious regressions. Thus, following Égert and Halpern (2006) and Bineau (2010), we consider dummy variables with the highest frequency as our base for each category. Moreover, since we have 43 explanatory variables, this means that we have 243 possible combinations, which is not technically possible to enumerate. This is basically an example of model uncertainty. In order to tackle this issue, we use the Bayesian Model Averaging (BMA) method (see Havránek and Iršová (2011) for further details on the BMA model and its application). In particular, we use the bms package in R to understand which moderator variable is likely to affect the estimates. The BMA estimates suggest that only 18 out of the moderator variables may play a role in influencing the reported estimates of trade openness on exchange rate. Therefore, we run the WLS regression using these moderator variables. Table 2 presents the results of the WLS model estimated using the mixed-effect multilevel model. From the table, it can be observed that Geographical distance, Terms of trade, Total population, Government size, Trade policy, Sample size, Number of countries, Quarterly, FE and Short run are significant. 
Table 2 

Weighted least square model explaining the differences in the estimates of trade openness on exchange rate

	Response variable:

t-statistics
	Coef.
	Std. err
	p-value

	Constant
	3.7129
	0.9330
	0.000***

	1/Sepcc
	0.2842
	0.8246
	0.730

	Country Characteristics
	
	
	

	Geographical distance
	-0.0752
	0.0344
	0.029**

	Terms of trade
	0.0045
	0.0026
	0.090*

	REER
	0.0994
	0.0967
	0.304

	Inflation
	0.0488
	0.0620
	0.431

	Total population
	-0.0412
	0.0177
	0.020**

	Government size
	-0.0583
	0.0347
	0.093*

	Trade policy
	-0.1618
	0.0546
	0.003***

	Developed
	-0.1152
	0.0980
	0.240

	Landlocked
	-0.0461
	0.1279
	0.718

	Data Characteristics
	
	
	

	Sample size
	0.2179
	0.0384
	0.000***

	No. of countries
	-0.0027
	0.0012
	0.023**

	Quarterly
	0.1243
	0.0525
	0.018**

	Estimation Characteristics
	
	
	

	OLS
	0.1253
	0.1349
	0.353

	FE
	0.2051
	0.0767
	0.007***

	DOLS
	0.0164
	0.0493
	0.740

	Short run
	0.1294
	0.0605
	0.032**

	Regressors
	0.0004
	0.0080
	0.958

	Publication Characteristics
	
	
	

	Crisis
	-0.0485
	0.0080
	0.200

	No. of observations
	295
	
	


Source: Authors’ own computations

Notes: Estimated using the mixed-effect multilevel model with maximum likelihood estimator with standard errors clustered at study level; *, **, and *** indicate significance at 10%, 5% and 1% respectively.
Country characteristics
It can be observed from Table 2 that the geographical distance of the country significantly reduces the size of the impact of trade openness on exchange rate. This suggests that the greater the distance of the country from its trading partners, the lower is the effect of trade openness on exchange rate. The same was advocated by Guttmann and Richards (2006) who examined the effect of location on trade openness. Moreover, the higher the terms of trade of a country, the higher the impact of trade openness on exchange rate. Unsurprisingly, countries with higher populations have lower levels of external trade due to higher opportunities for within-country trade (Guttmann and Richards, 2006; Alesina and Wacziarg, 1998). This is in line with the results that we obtain for Total population. On the other hand, we find that both government size and trade policy cause the estimates to decrease. Indeed, a higher degree of trade liberalisation means that there are less trade restrictions and trade barriers, and thus, countries are more open to trade. As such, an increase in trade openness causes exchange rate to depreciate more. 
Data characteristics
Regarding the data characteristics, it can be seen that using quarterly data, as compared to annual one, increases the point estimates of trade openness on exchange rate. This is also supported by the Sample size results, which suggest that increasing the number of observations tends to increase the point estimates of trade openness. On the other hand, it can be seen that having more countries in our sample lead to lower point estimates.  
Estimation characteristics
Regarding the estimation characteristics, fixed effect and short-run estimates have a positive influence on the effect of trade openness on exchange rate. In other words, employing the fixed effect model results in higher point estimates of trade openness on exchange rate, as compared to ARDL model. Our results confirm the findings of Roudet at al. (2007), who argued that the impact and significance of trade openness relied on the estimations methods used. Furthermore, the size of the impact of trade openness on exchange rate in the short-run are greater than those in the long-run
.
4. Conclusion
The present study employed a meta-regression analysis to investigate the effect of trade openness on exchange rate. Moreover, in an attempt to explain the variations between studies, this paper considered 43 moderator variables as potential variables which influenced the estimates of the effect of trade openness on exchange rate. The BMA model was then used to reduce model uncertainty, and we then retained the most important variables. Additionally, in an attempt to correct for heteroscedasticity and to cater for within and between-study heterogeneity, we applied the weighted least square method using the mixed-effect multilevel estimator. Our findings revealed that the variations in the impact of trade openness on exchange rate were due to country characteristics, data characteristics and estimation characteristics. In this respect, this study suggests that each country should develop their own policies to counteract the effect of trade openness on exchange rate accordingly. Moreover, it also reinforces the fact that it is useful to simultaneously consider more than one empirical estimate and various estimation methods to better understand the relationship between trade openness and exchange rate. However, this study also has some limitations. First, it is restricted to only articles that examined the impact of trade openness on exchange rate. Second, this study is limited to only articles that satisfy a set of predetermined selection criteria: (i) they must include a dependent variable describing exchange rate; (ii) they must consist of an independent variable describing trade openness; (iii) they must report the t-statistics, standard error and regression coefficient of the relationship between trade openness and exchange rate. Finally, the results obtained from the meta-regression is highly dependent on the sample of studies included in our analysis and the data reported in the various studies.
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