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Abstract 

The paper scrutinizes the causal relationship between performance of American, 

Canadian and Mexican stock markets. It is aimed at answering a question whether there is one 

way or two way causal links between performance of stock markets (or possibly no causality 

at all) in the case of NAFTA members.      

More precisely, the study concerns the existence and the direction of Granger causality 

between indexes of American (S&P 500), Canadian (S&P TSX) and Mexican (IPC) stock 

markets. The research covers the period 1992–2013 for NAFTA (additionally 1980–1993 for 

CUSFTA) and concentrates on the fishing out the differences between sub-periods before and 

after integration in the framework of NAFTA (and CUSFTA). Additionally, research focuses 

on years 2001–2003 during which trade and FDI intensity indexes concerning intra-NAFTA 

flows used to be the highest.    

The study finds bivariate Granger causality for American and Canadian indexes in 

periods: 1980–1988 and 1994–2013. Additionally, American index Granger-caused Mexican 

index during all included periods apart from 1992–1993, but Canadian index did not Granger-

cause Mexican index at all. Moreover, Mexican index was as a Granger-cause of Canadian 

index in years 1994–2013 and a Granger-cause of American index during period 1992–1993.  

To sum up, it is not true that there are two-way causal links between all NAFTA 

market stock exchange indexes. Additionally, it is not true that presence of causality between 

indexes is accompanied by intensification of trade and FDI relationships between NAFTA 

members (lack of causality during 2001–2003). Also free trade agreement in force is not 

accompaniment of Granger causal links between market stock indexes.     
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Introduction 

Regional integration (especially Regional Trading Arrangements – RTAs) appears to 

be one of the most significant topics in international economics. There are a lot of studies, 

both theoretical and empirical, concerning various aspects of RTAs’ activities. Majority of 

studies focus on trade (FDI or migration) issues, but it is also interesting whether economic 

integration is accompanied by casual links between indexes of national stock markets.  

This paper scrutinizes the causal relationship between performance of American, 

Canadian and Mexican stock markets. The analysis is based on Granger causality test and it is 

aimed at answering a question whether there is one way or two way causal links between 

performance of stock markets (or possibly no causality at all) in the case of NAFTA 

members.      

The text includes three major sections: (1) literature review, (2) methodological 

considerations concerning testing Granger causality in the case of non-stationary time series 

and finally (3) empirical study on NAFTA market stock exchange indexes.  

 

1. Literature review 

The co-movements of national stocks markets seem to be a popular topic in 

international finance (see e.g. Makridakis and Wheelwright (1974), Meric and Meric (1989), 

Meric et al. (2002), Sabri (2002) and Dorodnykh (2014)). There are probably two 

fundamental areas of concern in studies on the co-movements of national stocks markets: (1) 

low correlation between markets as evidence of the benefit of global portfolio diversification, 

(2) high correlation between markets as a result of globalization and economic integration.  

 Second area of concern covers a topic of the co-movements of stocks markets in a 

free trade area, in a custom union or in a common market. Studies on the co-movements 

between stocks markets in RTAs probably still are in the minority (the majority of studies 

focus on the co-movements between the largest markets), but we can find a number of papers 

concerning RTAs from different parts of the world. Namely, Meric and Meric (1997), and 

also Kim et al. (2005) analyze correlation between the EU stocks markets. Additionally, 

Meric et al. (2000) and also Click and Plummer (2005) scrutinize linkages between the 

ASEAN stocks markets. Moreover, Harrison and Moore (2010) study on the co-movements 

between stocks markets of CARICOM members.  

In case of NAFTA, Aggarwal and Kyaw (2005) examine integration of NAFTA equity 

markets in periods 1988–1993 (pre-NAFTA) and 1994–2001 (post-NAFTA). They claim that 

daily, weekly and monthly equity prices in NAFTA countries are cointegrated only for post-
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NAFTA period. Additionally, Chukwugor-Ndu and Kasibhatla (2007) investigate the degree 

of integration of the North American equity markets in post-NAFTA period (1994–2006) 

using daily stock closing price indices. Their estimation results lead them to the conclusion of 

the presence long-run equilibrium relationships (cointegration) among the North American 

equity markets in post-NAFTA period. Moreover, Lopez-Herrera and Ortz (2010) analyze 

cointegration trends among NAFTA equity markets using monthly series for the 1984.1 to 

2012.12 based on Morgan Stanley Capital International (MSCI) indexes. According to the 

Johansen cointegration tests, they state that integration among NAFTA markets is time-

varying. Finally, Meric et. al (2009) conduct study based on Granger causality tests. They use 

MSCI weekly U.S.-dollar stock market indexes in their study for the June 1995–May 2005 

period. They find only one-way Granger causality between Canadian and Mexican indexes.      

   

2. Toda-Yamamoto procedure for testing Granger causality 

Granger (1969) defined a concept of causality which has become popular in recent 

years. In the case of two time-series variables (X and Y), X is said to Granger-cause Y if Y can 

be better predicted using the histories of both X and Y than it can by using the history of Y 

alone. The idea is that the cause cannot come after the effect. Thus, if variable X affects a 

variable Y, the former should help improving the predictions of the latter variable.    

Table 1  

T-Y procedure for testing Granger causality between time series lnINDEX1 and  lnINDEX2   

Time series: 
 lnINDEX1 and lnINDEX2 

↓ 

Testing the stationarity of both time series using the ADF test 

↓ ↓ 

Both time series are stationary At least one time-series is not stationary 

↓ ↓ 

↓ Determination of dmax (maximal order of integration) 

↓ ↓ 

Determination of appropriate maximum lag length in the VAR model (k)  

using information criteria such as: AIC, HQIC and SBIC 

↓ ↓ 

Estimation of the VAR model with k lags 
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Estimation of the VAR model with k+dmax lags  

(additional dmax lags are treated as exogenous variables) 
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↓ ↓ 

Granger causality tests (Wald test) Granger causality tests (Wald test) 

Source: Author’s study 
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Testing for the presence or absence of Granger causality is linked with the 

construction of VAR (sometimes also VEC) models. The most common test for Granger 

causality is a Wald test. One of the most important assumptions of the Wald test for Granger-

causality is stationarity of time series X and Y (see more Lütkepohl (2007, 41–51, 102–103)).  

In the case of using the Wald test in the usual way to test linear restrictions on the 

parameters of a VAR (VEC) model, and if (some of) data are non-stationary, and then the 

Wald statistics do not follow their usual asymptotic chi-square distribution under the null. 

One of the approach that can be taken to make sure that causality test (based on the Wald test) 

is done properly, despite of non-stationarity of time series, is the Toda-Yamamoto (1995) 

procedure. The Toda-Yamamoto (T-Y) procedure assumes estimation of a modified VAR 

(VEC) model with k+dmax lags, where k is the optimal lag length in the original VAR (VEC) 

model and dmax is the maximal order of integration of the variables included in VAR (VEC) 

model. It is essential that additional dmax lags of variables are treated as exogenous variables. 

The coefficients of these extra lags are not included when the subsequent Wald test is 

conducted. They are there just to fix up the asymptotic. Thanks to these additional lags, the 

Wald test is asymptotically chi-square distributed under the null. The basic steps for the T-Y 

procedure are illustrated by the table 1.   

In my VAR models, there are two variables: market stock exchange index for country 

1 (in logarithmic version – lnINDEX1) and index for country 2 (in logarithmic version – 

lnINDEX2). Firstly, both time series are tested (the ADF test) to determine their order of 

integration. According to the ADF test results, the dmax (maximal order of integration) is 

determined. Secondly, I choose the appropriate maximum length for the variables in the VAR 

model (k) thanks to the information criteria (AIC, HQIC and SBIC). Thirdly, the VAR model 

with k+dmax lags is estimated (additional dmax lags are treated as exogenous variables). Finally, 

I conduct the Wald test for Granger causality.  

To sum up, thanks to the T-Y procedure, testing for Granger causality is possible 

despite non-stationarity of time series. Moreover, the T-Y procedure appears to be  simple and 

does not need any complicated modification in VAR models. This procedure might be 

problematic only in the case of very short time-series as additional lags have to be included.   

 

3. Data and estimation results 

The empirical study concerns the existence and the direction of Granger causality 

between market stock exchange indexes in NAFTA members. Namely, three indexes are used 

in the research: S&P TSX for Canada, IPC for Mexico and S&P 500 for the US. In the case of 
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Canada and the US daily time series begin on 2nd January 1980 and end on 31st December 

2013 but daily time series for Mexico is shorter as it begins on 2nd January 1992
1
. In study, 

the daily average values of indexes (extracted from the websites feed backing NAFTA market 

stock exchange) are used in terms of natural logarithm. Data for days in which at least one 

market stock exchange was closed (e.g. due to holidays) are excluded from the time series. In 

text, S&P TSX index is denoted as Canada, IPC index as Mexico and S&P 500 index as US.  

Granger causality analysis between market stock exchange indexes of NAFTA 

members is conducted for periods: 1992–1993 (pre-NAFTA period) and 1994–2013 (NAFTA 

in force). Additionally, for Canada and the US analysis is conducted also for periods: 1980–

1988 (pre-CUSFTA period), 1989–1993 (CUSFTA in force).  

Moreover, a separate Granger causality analysis is conducted for years 2001–2003 

during which trade and FDI intensity indexes concerning intra-NAFTA flows used to be the 

highest. I measure the relative intensity of regional trading versus trading with the outside 

world using the regional trade introversion index (RTII) first proposed by Iapadre (2006). 

This index allows measuring the relative intensity of regional trading versus trading with the 

outsiders. The RTII can range from –1 to 1 and is independent of the size of the region. The 

index rises (or falls) only if the intensity of intraregional trade grows more (or less) rapidly 

than that of extraregional trade. If the index is equal to zero, then the region’s trade is 

geographically neutral (it grows similarly in the intraregional as well as in extraregional 

terms). If the index is a positive number, the region’s trade has an intraregional bias. If RTII is 

less than zero, then the region’s trade has an extraregional bias. The formula for the regional 

trade introversion index is: 

 

 !��� = "#$�"%$
"#$�"%$                                                                       (1a) 

&�� =
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'$
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	*�+	&�� =

��'$$'$
��'($'(

                                                            (1b) 

where: 

Tii= exports of region i to region i plus imports of region i from region i, 

Ti= total exports of region i to the world plus total imports of region i from the world, 

Toi= exports of region i to outsiders plus imports of region i from outsiders, 

To= total exports of outsiders plus total imports of outsiders. 

 

                                                           
1
 Data concerning IPC for earlier years are not available. 
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I implement formula describing by equation (1a) and (1b) also for FDI – exports is substituted 

by FDI outflows and imports by FDI inflows – and I construct regional FDI introversion 

index (RFDIII). Values of regional trade introversion and regional FDI introversion indexes 

for NAFTA are shown in figure 1.  

 Regional trade introversion index remains quite stable as FDI index fluctuates sharply. 

Consequently, it is not so easy to find a few-year period with both high indexes. However, 

three-year period 2001–2003 is worth to notice. During this period FDI index is positive 

(regional FDI introversion index was positive also only in single years 1992, 2005 and 2007) 

and simultaneously trade index was not lower than 0.65. Consequently, I choose period 2001–

2003 as a period with the most intensive trade and FDI relationships within NAFTA. During 

years 2001–2003, there was a slowdown in the world economy and it is quite typical that 

worse economic performance encourage NAFTA members to tighten regional relationships 

(something similar can be noticed during last economic crisis however it was shorter (only 

year 2009) than during slowdown at the beginning of 21
st
 century).         

 

Fig. 1. Regional trade and FDI introversion indexes for NAFTA (1992–2012)  

Source: Author’s calculation based on WITS-COMTRADE and OECD databases 

 

After choosing the periods for Granger causality study, I move to statistical tests. 

Firstly, I establish the order of integration for all time series. I carry out the ADF test (for 

which null hypothesis is non-stationarity). The results are reported in table 2.  
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Table 2  

The ADF test results 

 
H0: unit root – I(1) 

H1: time series stationary – I(0) 

 Without drift and trend With drift With drift and trend 

Variable 
Number 

of lags 
Levels 

1st 

differences 

Integration 

order 

Number 

of lags 
Levels 

1st 

differences 

Integration 

order 

Number 

of lags 
Levels 

1st 

differences 

Integration 

order 

ln 

Canada 

(1980-

1988) 

1 1.124 -30.449*** I(1) 1 -1.230 -30.476*** I(1) 1 -2.000 -30.470*** I(1) 

ln 

Canada 

(1989-

1993) 

1 0.952 -20.389*** I(1) 1 -0.898 -20.412*** I(1) 1 -0.946 -20.429*** I(1) 

ln 

Canada 

(1992-

1993) 

1 1.360 -14.000*** I(1) 1 0.316 -14.101*** I(1) 1 -1.547 -14.278*** I(1) 

ln 

Canada 

(1994-

2013) 

1 1.315 -48.339*** I(1) 1 -1.546 -48.369*** I(1) 1 -2.562 -48.368*** I(1) 

ln 

Canada 

(2001-

2003) 

1 1.604 -17.139*** I(1) 1 -2.410 -17.260*** I(1) 1 -2.658 -17.294*** I(1) 

ln 

Mexico 

(1992-

1993) 

1 1.376 -14.250*** I(1) 1 -0.152 -14.305*** I(1) 1 -0.764 -14.358*** I(1) 

ln 

Mexico 

(1994-

2013) 

1 2.053 -48.192*** I(1) 1 -0.761 -48.286*** I(1) 1 -3.167* - I(0) 

ln 

Mexico 

(2001-

2003) 

1 0.389 -18.164*** I(1) 1 -1.549 -18.159 I(1) 1 -2.283 -18.146 I(1) 

ln US 

(1980-

1988) 

1 1.565 -33.350*** I(1) 1 -1.070 -33.422*** I(1) 1 -2.832 -33.415*** I(1) 

ln US 

(1989-

1993) 

1 1.589 -24.010*** I(1) 1 -1.681 -24.109*** I(1) 1 -3.647* - I(0) 

ln US 

(1992-

1993) 

1 0.832 -15.499*** I(1) 1 -1.014 -15.531*** I(1) 1 
-

4.824*** 
- I(0) 

ln US 

(1994-

2013) 

1 1.508 -49.833*** I(1) 1 -1.956 -49.880*** I(1) 1 -2.179 -49.881*** I(1) 

ln US 

(2001-

2003) 

1 1.945 -18.428*** I(1) 1 0.771 -18.611*** I(1) 1 -1.032 -18.739 I(1) 

significance level: *(10%), **(5%), ***(1%) 

Source: Author’s calculation in STATA 

 

According to the ADF tests, all included time series are not stationary (barely in three cases 

ADF test including trend and a drift confirm the integration of order zero (I(0)). 

Consequently, T-Y procedure is necessary to check Granger causality between market stock 

exchange indexes of NAFTA members.   

Table 3 

Selection the optimal number of lags for variables in VAR model 

Model Optimal number 

of lags according 

to AIC 

Optimal number 

of lags according 

to HQIC 

Optimal number 

of lags according 

to SBIC 

Optimal number 

of lags (k) 

Optimal number 

of lags plus 

additional lags 

(k+dmax) – T-Y 

procedure 

CUSFTA 1980-1988 8 5 4 8 9 

CUSFTA 1989-1993 6 3 3 3 4 

NAFTA 1992-1993 
Canada and US 

 

3 3 3 3 4 
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NAFTA 1992-1993 
Canada and Mexico 

3 2 2 2 3 

NAFTA 1992-1993 

US and Mexico 
3 3 2 3 4 

NAFTA 1994-2013 
Canada and US 

13 3 3 3 4 

NAFTA 1994-2013 

Canada and Mexico 
13 4 3 13 14 

NAFTA 1994-2013 
US and Mexico 

14 4 3 14 15 

NAFTA 2001-2003 

Canada and US 
3 3 3 3 4 

NAFTA 2001-2003 
Canada and Mexico 

3 3 3 3 4 

NAFTA 2001-2003 

US and Mexico 
4 3 3 3 4 

Source: Author’s calculation in STATA 

 

Secondly, I find out the optimal number of lags in VAR model using AIC, HQIC and 

SBIC information criteria. Table 3 presents the output of the choice criteria for selecting the 

number of lags in VAR model. In majority cases, two out of three information criteria suggest 

the same number of lags which I finally choose. However, there are exceptions in which I 

choose highest number of lags (maximum number of lags does not exceeds 30). Finally, I 

establish the number of lags in VAR model including the order of integration of times series 

(see last column in table 3).    

Table 4 

Granger causality test results (Wald test and Toda-Yamamoto procedure) 

Model H0: lnCanada ⁞⁞⁞⁞ 
lnUS 

H1: lnCanada→  

lnUS 

 

H0: lnUS ⁞⁞⁞⁞ 
lnCanada 

H1: lnUS→  

lnCanada 

 

H0: lnCanada ⁞⁞⁞⁞ 
lnMexico 

H1: lnCanada→  

lnMexico 

 

H0: lnMexico ⁞⁞⁞⁞ 
lnCanada 

H1: lnMexico→  

lnCanada 

 

H0: lnUS ⁞⁞⁞⁞ 
lnMexico 

H1: lnUS→  

lnMexico 

 

H0: lnMexico ⁞⁞⁞⁞ 
lnUS 

H1: lnMexico→  

lnUS 

 

CUSFTA  
1980-1988 

191.400** 77.616*** - - - - 

CUSFTA 

1989-1993 

6.1449 4.0171 - - - - 

NAFTA 
1992-1993 

0.26403 4.4401 0.42767 2.8067 2.3313 8.2686* 

NAFTA 

1994-2013 

50.712*** 180.2*** 17.96 48.915*** 32.664** 10.61 

NAFTA 
2001-2003 

5.7767 4.6233 0.99016 4.2387 7.7025* 5.2922 

→Granger causality 

⁞ lack of Granger causality 

significance level: *(10%), **(5%), ***(1%) 

Source: Author’s calculation  in STATA 

 

Thirdly, I conduct the Granger causality test including the T-Y procedure. The results 

of the Wald test are presented in table 4. The study finds bivariate Granger causality for 

American and Canadian indexes in periods: 1980–1988 and 1994–2013. Additionally, 

American index Granger-caused Mexican index during all included periods apart from 1992–

1993, but Canadian index did not Granger-cause Mexican index at all. Moreover, Mexican 
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index was as a Granger-cause of Canadian index in years 1994–2013 and a Granger-cause of 

American index during period 1992–1993.     

Conclusions 

Making one general conclusion concerning causal links between NAFTA market stock 

exchange indexes in NAFTA is not possible. Firstly, generally study confirms bivariate 

Granger causality for American and Canadian indexes, but during periods 1989–1993 and 

2001–2003 there was no causal links between them. Thus, in the long-term period Canadian 

and American stock exchange markets seems to be strongly related
2
, however causality did 

not take place during period with strongest intra-NAFTA trade and FDI (2001–2003) and for 

years 1989–1993 (CUSFTA in force). Secondly, American index generally is a Granger cause 

of Mexican index, but the reverse causality is only confirmed during years 1992–1993 (and 

only at 10% significance level). Thirdly, causality between Mexican and Canadian index is 

only one-way causality.    

To sum up, it is not true that there are two-way causal links between all NAFTA 

market stock exchange indexes. Additionally, it is not true that presence of causality between 

indexes is accompanied by intensification of trade and FDI relationships between NAFTA 

members (lack of causality during 2001–2003). Also free trade agreement in force is not 

accompaniment of Granger causal links between market stock indexes.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
2
 Wald tests confirm bivariate Granger causality between American and Canadian index for period 1980–2013. 
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