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ABSTRACT 

 

The main goal of the former NAFTA and current United States–Mexico–Canada Agreement 

(USMCA) was to remove barriers to trade and increase trade in both directions. Clearly, the goal 

will be achieved more effectively if the real exchange rate was fixed among the three members. 

But they are not. They change not only due to changes in the nominal exchange rates but also due 

to changes in prices. We investigate whether the real peso-Canadian dollar play any role in the 

trade between Mexico and Canada. We consider the trade balance of 16 industries that trade 

between the two countries and find that when we estimated a traditional linear model, indeed, we 

did not find much of a long-run impact on the trade balances. However, when we estimated a 

nonlinear model, we discovered long-run effects in 11 industries. While in two industries we found 

evidence of symmetric J-curve, in nine industries the concept of asymmetric inverse J-curve 

received support, included one of the largest industries that engage in 1/3rd of the trade. 
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I. Introduction 

Although the main goal of the North American Free Trade Agreement (NAFTA) or what 

is now known as the United States–Mexico–Canada Agreement (USMCA) was to reduce barriers 

to trade by removing tariff and quotas, one wonders if there is still room to stimulate trade by 

manipulating the exchange rate. In order to provide an answer to this question or make any 

prediction, economists and policy makers rely upon the literature that links the real exchange rate 

to trade balance. A glance through the literature reveals that the link comes under the heading of 

“The J-curve Phenomenon”. The phenomenon basically asserts that due to adjustment lags and 

currency contracts impact of currency depreciation on the trade balance is not instantaneous. After 

a depreciation, the trade balance still continuous to deteriorate in the short run and improve in the 

long run, depicting a J-curve pattern. Where does the literature stand with regards to our country 

of concern, Mexico?1 

 Early studies that tried to test the J-curve phenomenon employed aggregate trade data 

between one country and rest of the world. Examples include but not limited to Magee (1973), 

Junz and Rhomberg (1973), Himarios (1985), Bahmani-Oskooee (1985), Brissimis and 

Leventankis (1989), Moffett (1989), Noland (1989), Bahmani-Oskooee and Malixi (1992), 

Mahdavi and Sohrabian (1993), Backus et al. (1994). Mexico was only included in Bahmani-

Oskooee and Malixi (1992) who found neither support for the J-curve effect nor any significant 

long-run effect of the real exchange rate on the Mexican trade balance. Similar results were also 

reported by Pacheco-López (2005) who also found that NAFTA had negligible impact on Mexican 

trade.  

 Rose and Yellen (1989) criticized the above studies by arguing that they suffer from 

                                                 
1 For a review article, see Bahmani-Oskooee and Ratha (2004). 
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aggregation bias in that they use trade data between one country and rest of the world. They 

advocated disaggregating the trade flows at bilateral level between one country and its trading 

partners. They then employed error-correction modeling and cointegration technique and assessed 

the short-run and long-run effects of the real bilateral exchange rate on the trade balance between 

the U.S. and each of the G6 trading partners with a hope they can find support for the J-curve effect 

who defined it short-run deterioration combined with long-run improvement in the trade balance 

after a depreciation. However, their effort was futile in that they found no support for the 

phenomenon in any of the bilateral models. 

 Bahmani-Oskooee and Fariditavana (2016) criticized Rose and Yellen (1989) on the 

ground that they assumed exchange rate changes to have symmetric effects. However, as they 

argued, since traders’ reactions to a currency depreciation could be different than their reaction to 

an appreciation, exchange rate changes could have asymmetric impact on the trade balance. Later 

Arize et al. (2017) argued that firms may enter into the market when a currency depreciates at a 

different rate than they exit when a currency appreciates, and this could result in an asymmetric 

response of the trade flows, hence the trade balance to exchange rate changes.2 Once Bahmani-

Oskooee and Fariditavana (2016) separated currency appreciations from depreciations and used 

Shin et al.’s (2014) asymmetric error-correction modeling and asymmetric cointegration methods, 

they were successful in providing support for the asymmetric J-curve effect in the trade balance 

between the U.S. and France, Germany, Italy, and the U.K. 

 Following Bahmani-Oskooee and Fariditavana’s (2016) asymmetric approach, Bahmani-

Oskooee et al. (2016) extended the same analysis to bilateral trade balance models of Mexico with 

                                                 
2 Even before Bahmani-Oskooee and Fariditavana (2016), Bussiere (2013) demonstrated that import and export 

prices react to exchange rate changes asymmetrically. This implies that if traded goods prices react asymmetrically 

to exchange rate changes, we should expect an asymmetric response from the trade balance too. 
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each of her 13 largest trading partners. They found that while peso depreciation improves Mexico’s 

trade balance with Brazil, Canada, France, Japan, Korea, Spain and the UK, peso appreciations 

worsen it with Brazil, Canada, France, the U.S., India, Japan, Korea, Peru and Spain. The two largest 

trading partners of Mexico are the U.S. and Canada.  

 Our claim in this paper is that Bahmani-Oskooee et al.’s (2016) findings suffer from another 

aggregation bias in that they used aggregate trade flows between Mexico and its second largest 

partner, Canada. Although they found that peso depreciation improves Mexican-Canadian trade 

balance, we are not sure how individual industries react to exchange rate changes. Specifically, how 

the two largest industries, i.e., machinery and mechanical appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, television image and sound recorders and reproducers, and 

parts and accessories of such articles with 32.3% trade share and vehicles, aircraft, vessels and 

associated transport equipment with 31.9% trade share react to peso depreciation? In order to identify 

industries that benefit from peso depreciation versus those that do not or industries that are hurt by 

peso appreciation and those that are not, we disaggregate the trade flows between the two countries 

by industry and investigate asymmetric response of the trade balance of each of the 16 industries to 

the real bilateral exchange rate changes. To that end, we introduce the models and methods in Section 

II. Empirical results are reported in Section III that is followed by a summary in Section IV. Data 

definition and sources are provided in an Appendix. 

 

II.- The Models and Methods3 

 Following recent literature, e.g. Bahmani-Oskooee and Fariditavana (2020) we adopt the 

following long-run trade balance econometric model for industry i that trades between Canada and 

                                                 
3 The models and methods here closely follow Bahmani-Oskooee and Fariditavana (2020) who carried out similar 

analysis between the U.S. and Canada. 
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Mexico: 

𝐿𝑛 𝑇𝐵𝑖,𝑡 = 𝑎 + 𝑏𝐿𝑛𝑌𝐶𝐴𝑁,𝑡 + 𝑐 𝐿𝑛𝑌𝑀𝐸𝑋,𝑡 + 𝑑𝐿𝑛𝑅𝐸𝑋𝑡 + 𝜀𝑡            (1) 

Where TBi is the ith industry’s trade balance defined as Mexican export of commodity i to Canada 

over its imports of the same commodity from Canada.4 Ln stands for the natural logarithm since the 

econometric model is expressed in double logarithmic form the slope coefficients reveals the elasticity 

of the dependent variable with respect to the independent variables. Two scale variables and the real 

bilateral exchange rate are included as main determinants of the trade balance. They are identified by 

the level of economic activity in Canada (YCAN), the level of economic activity in Mexico (YMEX), 

and the real peso-Canadian dollar rate (REX). If increased economic activity is to boost trade, we 

expect an estimate of b to be positive and c to be negative.5 As the Appendix reveals, the definition 

of the REX is dominated by the definition of the nominal exchange rate which is defined as number 

of peso per Canadian dollar. Thus, an increase reflects a real depreciation of peso or appreciation of 

the dollar and if peso depreciation is to boost Mexican export and reduce its imports, an estimate of c 

is expected to be positive. 

 The next step in our model building process is to re-write (1) in an error-correction format so 

that we can also estimate the short-run effects of all variables. An approach that yields both short-run 

and long-run estimates in one step is that of Pesaran et al. (2001) as follows:    

ΔLn𝑇𝐵𝑖,𝑡 = 𝑎′ + ∑ 𝑏𝑗
′Δ𝐿𝑛𝑇𝐵𝑖,𝑡−𝑗

𝑛

𝑗=1

+ ∑ 𝑐𝑗
′Δ𝐿𝑛𝑌𝐶𝐴𝑁,𝑡−𝑗

𝑛

𝑗=0

+ ∑ 𝑑𝑗
′Δ𝐿𝑛𝑌𝑀𝐸𝑋,𝑡−𝑗

𝑛

𝑗=0

+ ∑ 𝑒𝑗
′

𝑛

𝑗=0

Δ𝐿𝑛𝑅𝐸𝑋𝑡−𝑗  + 𝜆0𝐿𝑛𝑇𝐵𝑖,𝑡−1 + 𝜆1𝐿𝑛𝑌𝐶𝐴𝑁,𝑡−1 + 𝜆2𝐿𝑛𝑌𝑀𝐸𝑋,𝑡−1

+ 𝜆3𝐿𝑛𝑅𝐸𝑋𝑡−1 + 𝜇                                         (2) 

 

                                                 
4 Note that the trade balance is usually expressed as a ratio so that the model could be expressed in logarithmic form. 

The ratio also is a better measure since it is unit free, (Bahmani-Oskooee, 1991).  
5 Estimate of b could be negative and c could be positive if increased economic activity is due to an increase in 

production of import substitute goods, (Bahmani-Oskooee, 1986).   
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Specification (2) is an error-correction model where coefficient estimates attached to first-

differenced variables reflect short-run effects and estimates of λ1 – λ3 normalized on λ0 yield long-

run effects. Pesaran et al. (2001) recommend two tests to establish cointegration so that we can 

avoid spurious estimates. One is the F test to determine joint significance of lagged level variables 

and the other one is the t-test to determine significance of λ1.
6 However, both tests in this context 

have non-standard distribution. For this reason, Pesaran et al. (2001) tabulate new critical values for 

both tests that also account for degree of integration of the variables. Indeed, under this approach, 

the regression equation is estimated with variables integrated of order zero or one or combination of 

the two, which is an important advantage in alleviating the burden of the stationarity testing.  

 Coefficient estimates discussed above reflect symmetric effects of exogenous variables. In 

order to discover possibility of asymmetric effects, Shin et al. (2014) propose model like (2) to be 

modified. Following their proposal and previous studies on the topic, modification involves 

separating currency depreciations from appreciations. This is done first by forming ΔLnREX which 

included positive changes reflecting peso depreciation and negative changes, reflecting peso 

appreciation. Then two new times-series variables are generated using the partial sum concept as 

follows:  

PDEP𝑡 = ∑ 𝑚𝑎𝑥(𝛥𝑙𝑛𝑅𝐸𝑋𝑗, 0)

𝑡

𝑗=1

 𝑎𝑛𝑑 PAPR𝑡 = ∑ 𝑚𝑖𝑛(𝛥𝑙𝑛𝑅𝐸𝑋𝑗, 0)

𝑡

𝑗=1

         (3) 

where PDEP which is the partial sum of positive changes reflect only peso depreciation and PAPR 

which is the partial sum of negative changes, reflect only peso appreciation. Next, we move back to 

(2) and replace the real exchange variable by the two partial sum variables to arrive at: 

 

                                                 
6. Bahmani-Oskooee (2020) has demonstrated that the t-test here is the same as the t-test applied to judge lagged 

error-correction term in Engle and Granger (1987) framework.  
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Δ𝐿𝑛𝑇𝐵𝑖,𝑡 = 𝑎′ + ∑ 𝑏𝑗
′Δ𝐿𝑛𝑇𝐵𝑖,𝑡−𝑗

𝑛1

𝑗=1

∑ 𝑐𝑗
′

𝑛2

𝑗=0

Δ𝐿𝑛𝑌𝑡−𝑗
𝐶𝐴𝑁 + ∑ 𝑑𝑗

′Δ𝐿𝑛𝑌𝑡−𝑗
𝑀𝐸𝑋 + ∑ 𝑒𝑗

′

𝑛4

𝑗=0

𝑛3

𝑗=0

Δ𝑃𝐷𝐸𝑃𝑡−𝑗 

∑ 𝑓𝑗
′

𝑛5

𝑗=0

𝑃𝐴𝑃𝑅𝑡−𝑗 + 𝜃0𝐿𝑛𝑇𝐵𝑖,𝑡−1 + 𝜃1𝐿𝑛𝑌𝑡−1
𝐶𝐴𝑁 + 𝜃2𝐿𝑛𝑌𝑡−1

𝑀𝐸𝑋 + 𝜃3𝑃𝐷𝐸𝑃𝑡−1 + 𝜃4𝑃𝐴𝑃𝑅𝑡−1

+ 𝜉𝑡                                                   (4) 
 

Since constructing the partial sum variables introduce nonlinear adjustment of the real exchange rate 

into both short-run and long-run components of (4), such models are commonly referred to non-

linear ARDL (Auto-regressive Distributed Lag) models even though they are linear considering all 

variables together. However, the original symmetric model (2) is labeled as the linear ARDL model. 

 Shin et al. (2014) demonstrate that both the linear and the nonlinear models are subject to the 

same OLS (Ordinary Least Squares) estimation and the same diagnostics tests proposed by Pesaran 

et al. (2004). Once (4) is estimated, several asymmetry assumptions could be tested. First, using a set 

criterion to select the optimum number of lags, ΔPDEPt-j variable takes a different lag order than 

ΔPAPRt-j variable, short-run adjustment will be asymmetric. Second, if at any given lag order j, 

estimate of e’j is different than estimate of f’j, exchange rate changes will have short-run asymmetric 

effects. However, if the Wald test rejects the null of ∑ 𝑒′𝑗 = ∑ 𝑓′𝑗, short-run cumulative or impact 

asymmetric effects of exchange rate changes will be supported.  Finally, peso depreciation and 

peso appreciation will have long-run asymmetric effects on the trade balance of industry i if the 

Wald test rejects the null of  𝜃3
−𝜃0

⁄ = 
𝜃4

−𝜃0
⁄ .7  

IV.- The Results 

 In this section we estimate both the linear model outlined by equation (2) and the nonlinear 

                                                 
7 For some other application of these models see Halicioglu (2007), Verheyen (2013),  Gogas and Pragidis (2015), 

Durmaz (2015), Baghestani and Kherfi (2015), Al-Shayeb and Hatemi-J. (2016), Lima et al. (2016), Nusair (2017), 

Aftab et al. (2017), Arize et al. (2017), Gregoriou (2017), Lucarelli et al. (2018), Istiak and Alam (2019), 

Hajilee and Niroomand (2019), Olaniyi (2019), and Bahmani-Oskooee (2020).  

 

http://www.emeraldinsight.com/author/Gregoriou%2C+Andros
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model outlined by equation (4) for each of the 16 industries that trade between Mexico and Canada. 

Monthly data over the period January 2000 - February 2020 are used to carry out the estimation. 

Since the period is post-NAFTA, no dummy is needed to account for the formation of NAFTA. 

Furthermore, since data are monthly, we impose a maximum of 12 lags on each first-differenced 

variable and use Akaike’s Information Criterion (AIC) to select an optimum model specification. 

Thus, all the estimation results and diagnostic statistics belong to the optimum model for each 

industry.   

Additionally, since different estimates are subject to different critical values, we collect those 

required critical values in the notes to each table and use them to indicate if an estimate is 

significant. We begin with the results of the linear models reported in Tables 1-3. 

Tables 1-3 go about here 

 Due to volume of the results we only report short-run coefficient estimates attached to the 

real exchange rate in Table 1. From Table 1, we gather that in eight industries the real exchange 

rate carries at least one significant coefficient, supporting short-run effects of exchange rate 

changes on the trade balance of eight industries. In none of the industries initially negative 

coefficients are followed by positive one. Thus, the old and traditional definition of symmetric J-

curve due to Bahmani-Oskooee (1985) receives no support. Rose and Yellen (1989) redefined the 

J-curve as negative or insignificant short-run effects combined with positive long-run effects. In 

order to see which industry supports this new definition we turn to long-run estimates in Table 2  

where we find that only in industry XXI  (Works of art, collectors' pieces and antiques with 2.9% 

share of trade) the real exchange rate carries a significantly positive coefficient, supporting the J-

curve effect. Indeed, in four other industries the inverse J-curve is supported since the exchange 

rate carries a significantly negative coefficient. These four industries are: IV (Prepared food stuffs, 
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beverages, spirits and vinegar, tobacco and manufactures tobacco substitutes with 2.1% trade 

share), VI (Products of the chemical or allied industries with 2.5% trade share), X (Pulp of wood 

or of other fibrous cellulosic material, recovered (waste and scrap) paper or paper board with 0.8% 

trade share), and XVIII (Optical, photographic, cinematographic, measuring, checking, precision, 

medical or surgical instruments and apparatus; clocks and watches; musical instruments; parts and 

accessories thereof with 3.3% trade share). These must be industries for which import demands 

are inelastic. Note that since in all five industries cointegration is supported either by the F test or 

the t-test (Reported in Table 3), the above long-run analysis is valid. The two largest industries, 

i.e., XVI (Machinery and mechanical appliances; electrical equipment; parts thereof; sound 

recorders and reproducers, television image and sound recorders and reproducers, and parts and 

accessories of such articles with 32.3% trade share) and XVII (Vehicles, aircraft, vessels and 

associated transport equipment with 31.9% trade share) do not seem to be affected by exchange 

rate changes in the long run. 

 In addition to the F- and the t-tests for cointegration, a few other diagnostic statistics are 

also presented in Table 3. We have provided the Lagrange Multiplier (LM) test to check for serial 

correlation among the residuals. It appears to be insignificant in models, supporting autocorrelation 

free residuals. Ramsey’s RESET test is also included which is used to identify mis-specified 

models. Since it is insignificant in most models, optimum models are correctly specified. To check 

for stability of estimated coefficients, we have applied the CUSUM and CUSUMSQ tests and have 

indicated stable coefficients by “S” and unstable ones by “US”. Again, in most models, stability 

is supported at least by one of the tests if not by both. Finally, we have added the size of adjusted 

R2 value to judge the goodness of the fit. 

 We now turn to estimates of the nonlinear model (4) and report the results in Tables 4-7. 
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This time, short-run results are reported in Tables 4 and 5. While Table 4 presents coefficient 

estimates attached to ΔPDEPt-j, Table 5 reveals estimates attached to ΔPAPRt-j. From these two 

tables we gather that at least one of them carry at least one lagged significant coefficient in all 

industries except IX and XIII. Thus, the real peso-Canadian dollar rate has short-run effects on the 

trade balance of 14 industries. This increase from eight linear models to 14 nonlinear models in 

which we detect short-run effects must be attributed to nonlinear adjustment of the real exchange 

rate. The short-run effects seem to be asymmetric in most instances because at a given lag order j, 

estimate attached to ΔPDEPt-j is different than the one attached to ΔPAPRt-j. However, short-run 

cumulative asymmetric effects are established only in four industries I, V, VI and XI since only in 

these industries the Wald test labelled as Wald-S in the diagnostics Table 7 is significant, rejecting 

equality of sum of the coefficients attached to ΔPDEPt-j and ΔPAPRt-j. 

Tables 4-7 go about here 

 In which industry significant or insignificant short-run asymmetric effects last into the long 

run? The long-run coefficient estimates reported in Table 6 reveals that in 11 industries either the 

PDEP or PAPR carries a significant and meaningful coefficient in the long run.8 Again, the 

increase in number of industries from five linear model to 11 nonlinear models in which exchange 

rate changes have significant long-run effects on the trade balances must be attributed to nonlinear 

adjustment of the real exchange rate. Since the estimate is positive in industries XI and XXI, the 

asymmetric J-curve proposed by Bahmani-Oskooee and Fariditavana (2016) is supported in these 

two industries only. In the remaining nine industries, the estimate is negative supporting 

asymmetric inverse J-curve concept. Again, these are industries in which either Mexican demand 

for Canadian goods or Canadian demand for Mexican goods must be inelastic. While the largest 

                                                 
8 By meaningful we mean cointegration is supported either by the F or the t-test that are reported in Table 7. 
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industry XVI (Machinery and mechanical appliances; electrical equipment; parts thereof; sound 

recorders and reproducers, television image and sound recorders and reproducers, and parts and 

accessories of such articles with 32.3% share of trade is not affected, this time the second largest 

industry, i.e., XVII (Vehicles, aircraft, vessels and associated transport equipment with 31.9% 

trade share) is adversely affected by peso depreciation and peso appreciation. Such finding was 

masked by the estimate of the linear model for this second largest industry where we found no 

long-run effect at all. Furthermore, in all 11 industries long-run effects seem to asymmetric since 

the Wald test reported as Wald-L in Table 7 is significant, rejecting equality of normalized long-

run estimate attached to PDEP and PAPR variables.9 

 

IV. Summary and Conclusion 

 Advances in econometrics has resulted in a new definition of the J-curve phenomenon 

which asserts that a currency depreciation worsens the trade balance in the short run but improves 

it in the long run. While error-correction modeling is used to test the short-run effects, 

cointegration is used to establish long run effects. Introduction of asymmetric error-correction 

modeling and asymmetric cointegration have given us a chance to introduce yet another concept, 

i.e., asymmetric J-curve. We add to the literature by testing the symmetric and asymmetric J-curve 

concept using monthly data for each of the 16 industries that trade between Mexico and Canada. 

 Our findings could be best summarized by saying that when we used Pesaran et al.’s (2001) 

symmetric and linear ARDL approach we found significant short-run effects of the real peso-

Canadian dollar exchange rate on the trade balance of eight industries. Short-run effects lasted into 

the long run only in five industries. While in one industry the symmetric J-curve concept was 

                                                 
9 Other diagnostics are similar to those of the linear model and need no repeat. 
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supported, in the remaining four, the inverse J-curve was supported. However, comparable 

numbers were higher when we separated peso depreciations from appreciations and applied the 

nonlinear asymmetric ARDL approach of Shin et al.’s (2014). We found short-run asymmetric 

effects of exchange rate changes on the trade balance of 14 industries which lasted into long-run 

asymmetric effects in 11 industries. While the asymmetric J-curve concept was supported in two 

industries, the asymmetric inverse J-curve was supported in nine industries. Thus, in line with the 

literature and other studies, the nonlinear asymmetric approach yielded relatively more significant 

outcome. 

 Overall, our findings are industry specific. For example, estimate of the linear model 

revealed that the real peso-Canadian dollar exchange rate has no long-run effects on the trade 

balances of the two largest industries that together engage in 64% of the trade. If we were to rely 

upon estimating the linear model, we would have stopped the process and conclude that almost 

2/3rd of the trade between Mexico and Canada is not affected by the real exchange rate in the long 

run. However, estimate of the nonlinear model revealed that one of the two industries, i.e., XVII 

(Vehicles, aircraft, vessels and associated transport equipment with 31.9% trade share) is adversely 

affected by peso depreciation and peso appreciation. Or consider industry XXI (Works of art, 

collectors' pieces and antiques with 2.9% share of trade). The linear model predicted that the real 

exchange rate changes have significant long-run positive effect on the trade balance of this industry 

which implies that while peso depreciation will improve this industry’s trade balance, peso 

appreciation will hurt it. However, estimate of the nonlinear model associated with this industry 

revealed that while peso depreciation will have favorable impact, peso appreciation will have no 

long-run effect.        
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Appendix 

Monthly data over the period January 2000- February 2020 are used to carry out the empirical 

analysis. The data come from the following sources:  

 

i. IMF e-Library – DATA: 

a. Direction of Trade Statistics (DOT) 

b. International Financial Statistics (IFS) 

ii. Canadian International Merchandise Trade Database 

Variables: 

TBi = measure of trade balance for industry i defined as the ratio of Mexican exports to Canada of 

commodity i divided by the Mexico imports of commodity i from Canada. The data come from 

source ii.  

 

YCAN = Measure of Canada’s income. Since data are monthly, the only measure at monthly 

frequency is industrial production index which we use. The data come from i (b). 

 

YMEX = Measure of Mexico’s income. This is also proxied by industrial production index. The data 

come from i (b). 

 

REX = Real bilateral exchange rate between Canadian dollar and Mexican Peso (MXN). It is defined 

as REX = (PCAN * NEX/ PMEX), where NEX is the nominal exchange rate defined as number of units 

of peso per Canadian dollar, PCAN is the price level in Canada (measured by CPI) and PMEX is the price 

level in Mexico (also measured by CPI). Thus, an increase in REX reflects a real depreciation of peso. 

Figure 1 shows the path of both the NEX and REX.  
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Table 1:  Short-Run Coefficient Estimates in the Linear ARDL Model 

Industries 
Short-Run Coefficient Estimates Attached to ∆lnREXt-j 

∆lnREXt ∆lnREXt-1 ∆lnREXt-2 ∆lnREXt-3 ∆lnREXt-4 ∆lnREXt-5 ∆lnREXt-6 ∆lnREXt-7 ∆lnREXt-8 ∆lnREXt-9 ∆lnREXt-10 ∆lnREXt-11 

Total merchandise trade -0.07            

I - Live animals and animal products. 0.34 -0.43 0.74 -2.06*         

II - Vegetable products. -0.09            

IV - Prepared foodstuffs; beverages, 

spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 
-0.30 -0.17 1.92* -1.41 -1.26        

V - Mineral products. -4.30 4.61 0.53 -7.49** 13.32* -8.24*       

VI - Products of the chemical or allied 

industries. 
-0.58**            

VII - Plastics and articles thereof; rubber 

and articles thereof. 
-0.19            

IX - Wood and articles of wood; wood 
charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of 

other plaiting materials; basket ware and 
wickerwork. 

0.01            

X - Pulp of wood or of other fibrous 

cellulosic material; recovered (waste and 

scrap) paper or paperboard. 

-0.39            

XI - Textiles and textile articles. -0.03            

XIII - Articles of stone, plaster, cement, 

asbestos, mica or similar materials; 

ceramic products; glass and glassware. 

-0.50            

XV - Base metals and articles of base 

metal. 
-0.31 1.79* -1.41*          

XVI - Machinery and mechanical 

appliances; electrical equipment; parts 
thereof; sound recorders and reproducers, 

television image and sound recorders and 

reproducers, and parts and accessories of 
such articles. 

1.23* -1.08*           

XVII - Vehicles, aircraft, vessels and 

associated transport equipment. 
-0.23            

XVIII - Optical, photographic, 
cinematographic, measuring, checking, 

precision, medical or surgical 

instruments and apparatus; clocks and 

watches; musical instruments; parts and 

accessories thereof. 

0.74 0.81 -2.13*          

XX - Miscellaneous manufactured 
articles 

-0.04            

XXI - Works of art, collectors' pieces 

and antiques. 
0.78*            

Notes:  
a. The critical value of standard t-ratio is 1.64 (1.96) at the 10% (5%) significance level, respectively.      

b. * (**) indicate significance at the 10% (5%) level. 
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Table 2: Long-Run Coefficient Estimates of the Linear ARDL Model 

Industries  
 Long-Run Coefficient Estimates 

Trade Share(%) Constant Ln YCAN Ln YMEX Ln REX 

Total merchandise trade# 100% 3.86* -0.02 -1.48** -0.22 

I - Live animals and animal products. 1.2% -25.39* 4.89** 6.86 -0.13 

II - Vegetable products 7.2% -4.65 1.12 1.79 -1.16 

IV - Prepared foodstuffs; beverages, spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 
2.1% -11.48** -0.17 9.60** -7.01* 

V - Mineral products 1.8% 22.56* -15.25* 6.18 -2.98 

VI - Products of the chemical or allied industries. 2.5% -5.86* 1.99* 1.38 -0.70** 

VII - Plastics and articles thereof; rubber and articles thereof. 2.5% 8.76* 3.99* -8.04* -0.65 

IX - Wood and articles of wood; wood charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of other plaiting materials; basket ware 

and wickerwork. 

0.1% -1.08 -3.15 3.69 0.03 

X - Pulp of wood or of other fibrous cellulosic material; recovered (waste 

and scrap) paper or paperboard. 
0.8% 1.47 0.33 -0.39 -1.90** 

XI - Textiles and textile articles. 1.3% 13.33 -4.14 -1.48 -0.48 

XIII - Articles of stone, plaster, cement, asbestos, mica or similar materials; 

ceramic products; glass and glassware. 
0.6% 2.96 4.30* -4.36 -1.19 

XV - Base metals and articles of base metal. 4.6% 4.99 2.62** -5.23* 0.23 

XVI - Machinery and mechanical appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, television image and sound 

recorders and reproducers, and parts and accessories of such articles. 

32.3% 4.24 -1.60 -0.21 0.66 

XVII - Vehicles, aircraft, vessels and associated transport equipment. 31.9% 6.11 -0.68 -1.38 -1.29 

XVIII - Optical, photographic, cinematographic, measuring, checking, 

precision, medical or surgical instruments and apparatus; clocks and 

watches; musical instruments; parts and accessories thereof. 

3.3% 8.93* -0.01 -3.09 -1.42* 

XX - Miscellaneous manufactured articles. 3.9% -1.96 1.65 -0.01 -0.16 

XXI - Works of art, collectors' pieces and antiques. 2.9% -1.65 2.31 -2.81 2.21* 
Notes:  

a. The critical value of standard t-ratio is 1.64 (1.96) at the 10% (5%) significance level, respectively.      

b. * (**) indicate significance at the 10% (5%) level. 
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Table 3: Diagnostic Statistics Associated with Linear ARDL Model 

Industries 
Diagnostics 

F Stata �̂�0 (t-test)b LMc RESETd CUSUM CUSUMSQ Adj. R2 

Total merchandise trade# 6.28* -0.33* 0.002 0.77 US US 0.52 

I - Live animals and animal products. 1.34 -0.20 1.84 0.13 US US 0.79 

II - Vegetable products. 0.37 -0.08 0.24 3.45 US S 0.74 

IV - Prepared foodstuffs; beverages, spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 

3.84* -0.17* 0.54 0.07 US S 0.75 

V - Mineral products. 5.69* -0.52* 0.002 1.99 US US 0.32 

VI - Products of the chemical or allied industries. 17.09* -0.82* 0.26 0.30 US S 0.16 

VII - Plastics and articles thereof; rubber and articles thereof. 5.20* -0.29* 0.55 1.85 S S 0.78 

IX - Wood and articles of wood; wood charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of other plaiting materials; basket ware 

and wickerwork. 

6.02* -0.22* 0.01 0.05 S S 0.57 

X - Pulp of wood or of other fibrous cellulosic material; recovered (waste and 

scrap) paper or paperboard. 
3.17 -0.20* 2.43 0.47 US S 0.64 

XI - Textiles and textile articles. 0.71 -0.07 1.05 1.19 US S 0.88 

XIII - Articles of stone, plaster, cement, asbestos, mica or similar materials; 

ceramic products; glass and glassware. 
7.18* -0.42* 0.68 1.68 S S 0.54 

XV - Base metals and articles of base metal. 4.25* -0.28* 1.78 4.61* S US 0.58 

XVI - Machinery and mechanical appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, television image and sound recorders 

and reproducers, and parts and accessories of such articles. 

2.66 -0.23** 0.14 0.09 S US 0.54 

XVII - Vehicles, aircraft, vessels and associated transport equipment. 2.95 -0.18** 0.27 1.91 S S 0.67 

XVIII - Optical, photographic, cinematographic, measuring, checking, 

precision, medical or surgical instruments and apparatus; clocks and watches; 

musical instruments; parts and accessories thereof. 

5.47* -0.40* 1.61 0.67 S S 0.46 

XX - Miscellaneous manufactured articles. 3.56** -0.27* 0.09 0.24 US US 0.50 

XXI - Works of art, collectors' pieces and antiques. 5.83* -0.35* 0.30 2.03 S US 0.89 
Notes:  

a. At the 5% and 10% significance level when there are three exogenous variables (k=3 ), the critical value of the F test is  4.35 and 3.77, respectively. These come from Pesaran et al. (2001, Table CI-

Case III, page 300). 

b. The critical values of the t-test for cointegration are 3.78 and 3.46 at the 5% and 10% level of significance when k=3. These come from Pesaran et al. (2001, Table CII-Case III, page 303). 

c. LM is Lagrange Multiplier test of residual serial correlation. It is distributed as χ2 with one degree of freedom (first order). Its critical value at 5% and 10% level is 3.84 and 2.71 . 

d. RESET is Ramsey’s test for misspecification. It is distributed as χ2 with one degree of freedom and its critical value at 10% (5%) level is 2.71 (3.84). 
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Table 4:  Short-Run Coefficient Estimates in the Nonlinear ARDL Model 
 Short-Run Coefficient Estimates Attached to ΔPDEPt-j 

Industries ∆PDEPt ∆PDEPt-1 ∆PDEPt-2 ∆PDEPt-3 ∆PDEPt-4 ∆PDEPt-5 ∆PDEPt-6 ∆PDEPt-7 ∆PDEPt-8 ∆PDEPt-9 ∆PDEPt-10 ∆PDEPt-11 

Total merchandise trade -0.24*            

I - Live animals and animal products. -0.92 -1.35 1,29 -4.22*         

II - Vegetable products -0.41            

IV - Prepared foodstuffs; beverages, 

spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 

0.32 0.20 -1.17 1.18 -5.68* 3.46*       

V - Mineral products -12.92* 13.06*           

VI - Products of the chemical or allied 

industries. 
-0.97*            

VII - Plastics and articles thereof; rubber 

and articles thereof. 
-0.25            

IX - Wood and articles of wood; wood 

charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of 

other plaiting materials; basket ware and 

wickerwork. 

0.002            

X - Pulp of wood or of other fibrous 

cellulosic material; recovered (waste and 

scrap) paper or paperboard. 

-0.45**            

XI - Textiles and textile articles. -2.06* -0.05 2.62*          

XIII - Articles of stone, plaster, cement, 

asbestos, mica or similar materials; 

ceramic products; glass and glassware. 

-0.49            

XV - Base metals and articles of base 

metal 
0.17            

XVI - Machinery and mechanical 

appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, 

television image and sound recorders and 

reproducers, and parts and accessories of 

such articles. 

0.19            

XVII - Vehicles, aircraft, vessels and 

associated transport equipment. 
-0.36**            

XVIII - Optical, photographic, 

cinematographic, measuring, checking, 

precision, medical or surgical instruments 

and apparatus;  

-0.91*            

XX - Miscellaneous manufactured 

articles. 
-0.28            

XXI - Works of art, collectors' pieces and 

antiques. 
3.36* -2.57           

Notes:  

a. The critical value of standard t-ratio is 1.64 (1.96) at the 10% (5%) significance level, respectively.      
b. * (**) indicate significance at the 10% (5%) level. 
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Table 5: Short-Run Coefficient Estimates in the Nonlinear ARDL Model  

Industries 
Short-Run Coefficient Estimates Attached to ΔPAPRt-j 

∆PAPRt ∆PAPRt-1 ∆PAPRt-2 ∆PAPRt-3 ∆PAPRt-4 ∆PAPRt-5 ∆PAPRt-6 ∆PAPRt-7 ∆PAPRt-8 ∆PAPRt-9 ∆PAPRt-10 ∆PAPRt-11 

Total merchandise trade -0.07 0.15 -0.16 -0.48 0.77 -0.59 1.36* -1.30* 1.02 -1.83* 0.69  

I - Live animals and animal products. 2.31 -3.78*           

II - Vegetable products. -1.33*            

IV - Prepared foodstuffs; beverages, 

spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 

-1.22* -1.51 4.81* -3.97* 2.86 -3.10*       

V - Mineral products. 8.04 -1.33 3.53 -17.34* 21.23* -4.93 -9.01**      

VI - Products of the chemical or allied 

industries. 
-1.53*            

VII - Plastics and articles thereof; rubber 

and articles thereof. 
-1.73* 1.34**           

IX - Wood and articles of wood; wood 

charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of 

other plaiting materials; basket ware and 

wickerwork. 

-0.004            

X - Pulp of wood or of other fibrous 

cellulosic material; recovered (waste and 

scrap) paper or paperboard. 

-0.51            

XI - Textiles and textile articles. 0.93*            

XIII - Articles of stone, plaster, cement, 

asbestos, mica or similar materials; 

ceramic products; glass and glassware. 

-0.28            

XV - Base metals and articles of base 

metal. 
-0.94 4.08* -2.84*          

XVI - Machinery and mechanical 

appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, 

television image and sound recorders and 

reproducers, and parts and accessories of 

such articles. 

1.88* -1.67*           

XVII - Vehicles, aircraft, vessels and 

associated transport equipment. 
-0.51*            

XVIII - Optical, photographic, 

cinematographic, measuring, checking, 

precision, medical or surgical instruments 

and apparatus;  

1.19 1.53 -4.01*          

XX - Miscellaneous manufactured 

articles 
-0.47 0.28 -0.33 3.18* -3.19*        

XXI - Works of art, collectors' pieces and 

antiques. 
0.27            

Notes:  

a. The critical value of standard t-ratio is 1.64 (1.96) at the 10% (5%) significance level, respectively.      
b. * (**) indicate significance at the 10% (5%) level. 
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Table 6: Long-Run Coefficient Estimates of Nonlinear ARDL Model 

Industries  Constant Ln YCAN Ln YMEX PDEP PAPR 

Total merchandise trade 9.29* -1.82* -2.49* -0.59* -1.09* 

I - Live animals and animal products. -7.71* 0.82 1.99 -1.15* -2.27* 

II - Vegetable products. 10.90* -1.81 -3.86* -0.60 -1.94* 

IV - Prepared foodstuffs; beverages, spirits and vinegar; tobacco and 

manufactures tobacco substitutes. 

6.31 
-5.05 2.19 -6.54* -8.28* 

V - Mineral products 26.99 -4.56 -8.01 0.45 0.59 

VI - Products of the chemical or allied industries. 1.51 -0.11 -0.54 -1.05* -1.64* 

VII - Plastics and articles thereof; rubber and articles thereof. 14.25* 2.11 -9.24* -0.81* -1.25* 

IX - Wood and articles of wood; wood charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of other plaiting materials; basket ware 

and wickerwork. 

-0.75 -3.25 3.63 0.007 -0.02 

X - Pulp of wood or of other fibrous cellulosic material; recovered (waste and 

scrap) paper or paperboard. 

2.59 
-0.53 -1.00 -2.11** -2.38** 

XI - Textiles and textile articles. -4.64 0.85 2.42 2.22* 4.14* 

XIII - Articles of stone, plaster, cement, asbestos, mica or similar materials; 

ceramic products; glass and glassware. 
-7.48 4.34* 0.37 -1.25 -0.73 

XV - Base metals and articles of base metal. 0.42 4.09* -4.27** 0.56 0.99 

XVI - Machinery and mechanical appliances; electrical equipment; parts 

thereof; sound recorders and reproducers, television image and sound 

recorders and reproducers, and parts and accessories of such articles. 

3.70 -1.07 -0.15 0.74 0.83 

XVII - Vehicles, aircraft, vessels and associated transport equipment. 13.28* -3.57 -2.71 -1.81** -2.55* 

XVIII - Optical, photographic, cinematographic, measuring, checking, 

precision, medical or surgical instruments and apparatus; clocks and watches; 

musical instruments; parts and accessories thereof. 

15.88* -3.05* -4.19* -1.75* -2.48* 

XX - Miscellaneous manufactured articles. 6.62 -1.03 -1.69 -0.82 -1.54** 

XXI - Works of art, collectors' pieces and antiques. 12.35* -0.18 -6.37* 1.61* 0.53 
           Notes:  
              a. The critical value of standard t-ratio is 1.64 (1.96) at the 10% (5%) significance level, respectively.      

              b. * (**) indicate significance at the 10% (5%) level. 
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Table 7: Diagnostic Statistics Associated with Nonlinear ARDL Model 

Industriesg Fb ѳ̂0 (t-test)c LMd RESETe CSM(SQ) Adj. R2 Wald-Sf Wald-L 

Total merchandise trade 8.69*a -0.41* 0.64 0.10 S(S) 0.58 0.06 0.69 

I - Live animals and animal products. 11.00* -0.65* 0.25 0.09 S(S) 0.78 3.86* 9.82* 

II - Vegetable products 4.19* -0.68* 0.001 6.14* S(S) 0.76 0.004 21.60* 

IV - Prepared foodstuffs; beverages, spirits and vinegar; tobacco and manufactures 

tobacco substitutes. 
4.33* -0.26* 0.02 0.19 S(S) 0.77 0.48 12.63* 

V - Mineral products 2.96 -0.31* 0.04 0.41 S(US) 0.29 6.45* 1.38 

VI - Products of the chemical or allied industries. 16.46* -0.93* 2.37 5.36* S(S) 0.18 2.33* 6.96* 

VII - Plastics and articles thereof; rubber and articles thereof. 4.95* -0.31* 0.70 1.80 S(S) 0.79 1.21 0.45 

IX - Wood and articles of wood; wood charcoal; cork and articles of cork; 

manufactures of straw, of esparto or of other plaiting materials; basket ware and 

wickerwork. 

4.99* -0.22* 0.01 0.05 S(S) 0.56 0.11 0.93 

X - Pulp of wood or of other fibrous cellulosic material; recovered (waste and 

scrap) paper or paperboard. 
2.69 -0.21* 2.11 0.63 US(S) 0.63 0.42 4.63* 

XI - Textiles and textile articles 4.68* -0.23* 0.001 1.48 S(US) 0.89 6.02* 32.65* 

XIII - Articles of stone, plaster, cement, asbestos, mica or similar materials; 

ceramic products; glass and glassware. 
4.29* -0.39* 0.02 1.79 US(US) 0.52 0.69 0.95 

XV - Base metals and articles of base metal 3.58 -0.30* 1.39 6.59* US(US) 0.59 0.01 2.71** 

XVI - Machinery and mechanical appliances; electrical equipment; parts thereof; 

sound recorders and reproducers, television image and sound recorders and 

reproducers, and parts and accessories of such articles. 

2.67 -0.26* 0.07 1.82 US(US) 0.53 0.06 5.65* 

XVII - Vehicles, aircraft, vessels and associated transport equipment. 2.96 -0.20* 2.15 2.37 S(S) 0.67 0.23 2.70* 

XVIII - Optical, photographic, cinematographic, measuring, checking, precision, 

medical or surgical instruments and apparatus; clocks and watches; musical 

instruments; parts and accessories thereof. 

7.06* -0.51* 0.62 5.61* S(US) 0.47 0.28 0.03 

XX - Miscellaneous manufactured articles 3.99** -0.34* 0.25 0.43 S(S) 0.52 0.39 6.91* 

XXI - Works of art, collectors' pieces and antiques. 5.89* -0.49* 1.59 0.08 S(US) 0.90 1.16 8.19* 
Notes:                                                                                                                                                                    

a. *, ** indicate significance at the 10% and 5% levels respectively.  

b. The upper bound critical value of the F-test for cointegration when there are three exogenous variables is 3.77 (4.35) at the 10% (5%) level of significance. These come from Pesaran et al. (2001, Table CI, Case III, p. 300).         

c. The critical value for significance of ECMt-1 is -3.47 (-3.82) at the 10% (5%) level when k =3. The comparable figures when k = 4 are -3.67 and -4.03 respectively. These come from Banerjee et al. (1998, Table 1).                         
d.  LM is Lagrange Multiplier test of residual serial correlation. It is distributed as χ2 with one degree of freedom (first order). Its critical value at 5% (10%) significance level is 2.71(3.84).                                                                                                                                                                                                                                     

e. RESET is Ramsey’s test for misspecification. It is distributed as χ2 with one degree of freedom. The critical value is 3.84 at the 5% level and 2.70 at the 10% level.  

f. Wald test are distributed as χ2 with 1 degree of freedom i.e. critical value is 2.70(3.84) at 10% (5%) significant.  
g. A dummy was included in both models to account for global financial crisis 2008.  In the linear model only industries I, IV, VI, VII, X, XVI, XXI were affected. In the nonlinear model the affected industries were II, IV, VI, 

XVIII, XXI. 
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