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Abstract  The foreign exchange rate pairings between participants in the Latin American Integrated Market (MILA) are 

analyzed for changes in correlation following implementation of MILA operations. We find evidence through a 

DCC-GARCH that the conditional correlations decrease after MILA is established. Our results show that the MILA has a 

positive effect on the decrease in correlation within participating Latin American countries. This is a benefit to investors 

because there is an increase in diversification by holding portfolios consisting of diverse currencies in participating countries 

(Colombia, Peru, and Chile). 
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1. Introduction 

The Integrated Latin American Market (MILA) is the 

virtual integration of the Lima Stock Exchange, the Santiago 

Stock Exchange, and the Colombia Stock Exchange that 

defines a unique model of integration of equity markets. 

Although relatively young, MILA gives financial research an 

opportunity to address different aspects of the relationship 

between integrated stock markets and foreign exchange rates 

as well as the effect that integrated markets may have on 

future foreign exchange contagion. 

MILA allows traders in each country to have direct access 

to the other two exchanges, without having to depend on a 

host country intermediary. The MILA is unique because 

each market maintains its own domestic clearing house as 

the central securities depository for each country. 

Key to the interaction is that each country maintains 

transactions in its own domestic currency. Each transaction, 

regardless of origin is conducted in the currency of the host 

country market of the traded stock. This is a particularly 

interesting agreement in terms of the potential effect that this 

new integrated market may have in the valuation of foreign 

exchange rates in each participating country. 

This structure is important because the foreign exchange 

rates for these three countries remain a crucial data point in  
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the valuation of the assets in the markets for all three 

participants. This work explores the effect of the MILA on 

the foreign exchange relationships inherent to this new 

establishment. 

We use a correlation analysis to view the interaction and 

dependency of each foreign exchange rate pairing. 

Estimating correlations in foreign exchange rates like other 

financial assets are important for multiple applications 

including optimizing currency portfolios (Beine, 2004), 

estimating contagion potential (Glick and Rose, 1999) and 

evaluating international asset investments. Glick and Rose in 

particular find that currency crises tend to spread within 

regional geographies. 

The goal of the paper is to analyze the effect that the 

establishment of MILA has had on the foreign exchange 

rates of each involved country. More specifically, we plan to 

see if there is a change to the conditional correlation of each 

country foreign exchange pairing to see the internal effect of 

MILA on the foreign exchange of involved countries. 

Our first principal finding is that the DCC-GARCH model 

finds statistically significant correlation estimators for all of 

the foreign exchange markets that participate in MILA. 

Secondly, the correlation of each foreign exchange pairing 

decreases following the implementation of MILA. This 

implies that investors are able to optimize and diversify their 

currency holdings and portfolios by noting the changes in the 

degree of correlation between participating countries after 

the implementation of the MILA. 

The paper continues as follows: In section 2, we briefly 

describe what MILA is and how it works. Next, section 3 
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describes the data and methodology used to proceed with our 

analysis. Section 4 describes our results and section 5 

concludes the paper. 

2. Latin American Integrated Market 
(MILA) 

The MILA began operations in May 2011 and was the first 

market use virtual integration to combine markets in 

different countries to facilitate international transactions, 

within each independent market. The process was first 

conceptualized and agreed upon in September 2009 between 

the Santiago Exchange (Chile), The Colombia Exchange and 

the Lima Exchange (Peru). 

The goals of establishing the MILA included the potential 

to increase investor diversification, to construct a market that 

would be more attractive for external investors, and to 

challenge the Brazilian Stock Market (BOVESPA) as a 

regional competitor. The declared vision statement for the 

MILA is to become the region’s most attractive exchange.  

MILA has since become the second largest in market 

capitalization (the first one is Brazil with $1,257,888 and 

MILA has $706,098 millions of dollars at January 2013) and 

third in terms of trading volume after Brazil and Mexico 

(Brazil $605,712, Mexico $75,909, and MILA 64,781 

millions of dollar accumulate from January to August 

2012)1. 

MILA is the first virtual integration between transnational 

entities that does not require a melding of additional 

infrastructure such as a central clearinghouse or singular 

monetary policy. This effort alleviates some of the 

regulatory headaches that could arise with the integration of 

infrastructure necessary to manage an old world market. The 

virtual integration is accomplished by mutually granting 

access to traders in the other foreign countries and an 

agreement on recognizing the values of shares in the other 

markets. 

However, the MILA allows host countries to maintain 

their fee structures, tariffs and foreign currency policies 

independent of each other. Since the stock purchases are not 

made in a single currency, investor cash holdings must be 

converted to the host country’s currency prior to stock 

purchase.  Foreign investors inside of the MILA may have 

more direct access to stocks in the participating countries but 

since each trade is made in the stock’s host country’s 

currency, the demand for each currency is affected as stocks 

become more visible and volume increases within the MILA. 

Specifically interesting to the relationships of foreign 

exchange between these countries, the agreement to use the 

domestic country currency in each market may allow for the 

integration to come with greater ease, but does not simplify 

the trade in regards to currency. 

Each participant in MILA potentially benefits from 

increased stock choices and potential diversification. This 
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effort may create a better risk/return relationship for 

investors. As such, the potential interest of other non-MILA 

foreign investors is increased due to the strengthening of the 

market as an independent entity. Brokerage firms likewise 

can benefit from the effort by having access to all three 

markets in one location, even as the purchases are made in 

terms of separate domestic currencies. 

3. Data and Methodology 

3.1. Data and Descriptive Statistics 

The foreign exchange data for this analysis originates 

from the Datastream database and was focused on the 

exchange rates of each country against the United States 

Dollar (USD). 

The time periods for our sample were determined by the 

available data surrounding the initiation of operations of the 

MILA. Our sample period begins in September 2008 and 

includes a three year period prior to the initial trading date of 

the MILA. The data ends in September 2013 and includes the 

two year period following initial operations. 

Following the conventional approach, we calculate the 

daily foreign exchange returns as the first difference of the 

natural log of each foreign exchange value, and the returns 

are expressed as percentages: 

𝒓𝒄,𝒕 =  𝐥𝐧 𝒑𝒄,𝒕 − 𝐥𝐧 𝒑𝒄,𝒕−𝟏  × 𝟏𝟎𝟎       (1) 

Where 𝑝𝑐 ,𝑡  is the price level of the foreign exchange for 

country “c” at time t. When data are unavailable, because of 

national holidays, bank holidays, or any other reasons, 

foreign exchanges are assumed to stay the same as those of 

the previous trading day. This data is specific for the MILA 

markets including Colombia, Peru and Chile and serve as a 

specific description of this market integration. 

The summary statistics of foreign exchange returns in the 

three MILA markets are presented in Table 1.  Specifically, 

we report information on the mean, standard deviation, 

skewness, kurtosis, and the Ljung-Box test (LB) for the 

pooled sample, before and after MILA; Panel A, B, and C, 

respectively. As expected with emerging equity markets, the 

index return series are negatively skewed and leptokurtic.  

Furthermore, the foreign exchange returns series for 

Colombia and Peru are found to exhibit significant 

autocorrelation as suggested by the Ljung-Box test statistic. 

The average daily foreign exchange return is negative for all 

the MILA countries for the pooled sample (Panel A). Panel C 

shows that after MILA begins operations, the average daily 

returns are positive. However, the difference is not 

statistically significant at conventional levels (the results for 

the t-test are not presents in table 1). 

We check the stationary of the series in our model using 

three classes of unit root tests. The standard augmented 

Dickey-Fuller (ADF), Dickey-Feller-GLS (DF_GLS), and 

Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests find that 

all the original series in levels are not stationary. On the other 

hand, the daily foreign exchange returns, 𝑟𝑐 ,𝑡 , are found to be 

http://www.fiabnet.org/
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stationary (see Table 2). 

To visualize the returns for each market, Figure 1 provides 

the chart for foreign exchange in levels (left panels) and their 

corresponding returns (right panels). All of these countries 

experienced a decreasing trend in the foreign exchange 

market that became more pronounced in the last years, which 

is visible in Figure 1. This could be explained by the new 

financing trend in Latin America.  

Tobar and Quispe-Agnoli (2008) identify that during the 

past fifteen years, financial markets in Latin America have 

experienced a major transformation explained by, among 

other factors, increases in capital flows into Latin America, 

an external environment characterized by low real interest 

rates worldwide and decreased levels of risk aversion. These 

effects have compressed the sovereign spreads on the 

region’s external debt to historically low levels allowing a 

higher marginal propensity to save increased income. 

Countries in Latin America are now running current 

account surpluses rather than deficits. In addition, fiscal 

policy is generally more disciplined and most borrowing is 

being undertaken by the private rather than the public sector. 

In addition, capital flows are taking place against the 

backdrop of stronger and new financial systems, in an 

environment of lowered perceived risk, as reflected by low 

spreads and high liquidity, and in which investors are 

increasingly sophisticated. 

Table 1.  Descriptive Statistics 

Panel A: Pooled sample (N=1,826) 

 
Mean Standard Deviation Kurtosis Skewness LB(20) 

Colombia -0.003 0.886 6.824*** 0.385*** 146.9*** 

Peru -0.004 0.927 6.067*** 0.192*** 323.6*** 

Chile -0.002 0.709 13.338*** 0.723*** 26.3 

      

      
Panel B: Before MILA (N=990) 

 
Mean Standard Deviation Kurtosis Skewness LB(20) 

Colombia -0.012 1.071 5.473*** 0.429*** 68.325*** 

Peru -0.007 0.951 4.071*** 0.331*** 189.15*** 

Chile -0.013 0.814 10.551*** 0.798*** 21.409 

      

      
Panel C: After MILA (N=836) 

 
Mean Standard Deviation Kurtosis Skewness LB(20) 

Colombia 0.008 0.598 5.427*** -0.055 265.49*** 

Peru 0.000 0.898 8.993*** -0.003 219.14*** 

Chile 0.010 0.560 19.326*** 0.378*** 22.203 

      

This table presents the descriptive statistics of the foreign exchange daily returns for each country (Colombia, Peru and Chile) for the 
complete time period studied in Panel A (09/11/2008 – 09/11/2013), for period before MILA Panel B (09/11/2008- 05/29/2011), and 
after MILA in Panel C (05/30/2011- 09/11/2013).   Foreign exchange rates are calculated as the foreign exchange rate of each country 
against the United States Dollar (USD).  Daily returns are then calculated as the log of the daily difference multiplied by 100.  LB(20) 
refers to the Ljung-Box statistic up to a 20-day lag. *, **, *** indicate the significance level of 10%, 5% and 1%, respectively. 

Table 2.  Unit root test 

  
ADF DF-GLS lags KPSS 

Levels Colombia -2.033 -2.089 23 1.09*** 

 
Peru -2.750 -1.372 21 0.616*** 

 
Chile 2.494 -2.372 18 1.07*** 

 
     

Return Colombia -24.712*** -7.232*** 21 0.0532 

 
Peru -31.870 *** -3.258 *** 23 0.0763 

 
Chile -21.536*** -3.156*** 24 0.0521 

 
     

This table reports the standard augmented Dickey-Fuller (ADF), Dickey-Feller-GLS (DF_GLS), and 
Kwiatkowski–Phillips–Schmidt–Shin (KPSS) unit root tests. Null hypothesis is the ADF and DF-GLS is unit root. Null hypothesis in 
the KPSS is trend stationary. The critical values for the KPSS test are 10%: 0.119, 5%: 0.146, 1%: 0.216. ** and *** indicate the 
significance levels of 5% and 1%, respectively. 
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Figure 1.  This figure shows the foreign exchange values of each MILA country (Colombia, Peru and Chile) versus the United States Dollar in the first 

column. In the second column, the figure shows the daily return of each foreign exchange versus USD value. The vertical line in each graph displays the date 

that MILA began operations: May 30th, 2011 

3.2. Methodology 

We implement a correlation analysis due to its usefulness 

in modeling financial contagion (Corseti et al, 2011). In 

addition, the dynamic conditional correlation (DCC) 

proposed by Engle (2002) is particularly useful as it is more 

flexible than the constant conditional correlation (CCC) 

because of the ability to estimate the changing degree, or 

dynamic, that the conditional correlation takes over time. We 

use a multivariate GARCH-DCC model to analyze the 

correlation of all three foreign exchange returns.  

The DCC-GARCH has three advantages over other 

estimations methods (Chiang et al. (2007). First, the 

DCC-GARCH model estimates correlation coefficients of 

the standardized residual and thus accounts for 

heteroscedasticity directly. Second, the model allows 

including additional explanatory variables in the mean 

equation to measure common factor. Finally, the multivariate 

GARCH model can be used to examine multiple asset 

returns without adding too many parameters. The resulting 

estimates provide us with a dynamic trajectory of correlation 

behavior in a multivariate setting. Thus we can analyze the 

correlation behavior when there are multiple regime shifts 

such as the creation of the MILA. On the other hand, panel 

GARCH models as in Escobari and Lee (2014) represent an 

alternative GARCH specification that models multiple mean 

equations along with a structured time-varying 

variance-covariance matrix. 

We select a random walk for our mean equation(s) as the 

modern challenge to develop a model to surpass the 

predictive power of the random walk remains unsolved. 

(Rime et al, 2008; Lilian and Taylor, 2003).  

rt = γ0 + γ1rt−1 + εt,                (2) 

Where 𝑟𝑡 =  𝑟𝐶ℎ𝑖𝑙𝑒 ,𝑡 , 𝑟𝐶𝑜𝑙𝑜𝑚𝑏𝑖𝑎 ,𝑡 , 𝑟𝑃𝑒𝑟𝑢 ,𝑡 ′ , 𝜀𝑡 =

 𝜀𝐶ℎ𝑖𝑙𝑒 ,𝑡 , 𝜀𝐶𝑜𝑙𝑜𝑚𝑏𝑖𝑎 ,𝑡 , 𝜀𝑃𝑒𝑟𝑢 ,𝑡 ′, and 𝜀𝑡 𝐼𝑡−1
 ~𝑁(0, 𝐻𝑡). In this 

specification we include an AR(1) term following the 

conventional approach. The AR(1) is used to account for 

the autocorrelation of foreign exchange returns, which we 

find in two of the markets under investigation, as reported 

in Table 3. The well-documented inability of standard 

exchange rate models to forecast out-of-sample better than a 

naïve random walk has been and perhaps remains the 

conventional wisdom in the international finance 

profession.” (Rime et al, 2008) 

The multivariate conditional variance is specified as: 

𝐻𝑡 = 𝐷𝑡𝑅𝑡𝐷𝑡 ,                 (3) 

Where 𝐷𝑡  is the (𝑛 × 𝑛) diagonal matrix of time-varying 

standard deviation from univariate GARCH models with 

 ℎ𝑖𝑖 ,𝑡  on the ith diagonal, i=1,2,..,4; 𝑅𝑡  is the (𝑛 × 𝑛) 

time-varying correlation matrix. The DCC-GARCH model, 

proposed by Engle (2002), involves a two stage estimation 

of the conditional covariance matrix 𝐻𝑡 . The first stage 

requires the selection of appropriate univariate GARCH 

models, in order to obtain the standard deviations,  ℎ𝑖𝑖 ,𝑡 . 

In the second stage, stock return residuals adjust by their 

estimated standard deviations from the first stage, 
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𝑢𝑖𝑡 = 𝜀𝑖𝑡  ℎ𝑖𝑖 ,𝑡 , then 𝑢𝑖𝑡  is used to estimate the 

parameters of conditional correlation. 

The correlation in the DCC model is given by: 

𝑄𝑡 = (1 − 𝛼 − 𝛽)𝑄 + 𝛼𝑢𝑡−1𝑢′𝑡−1 + 𝛽𝑄𝑡−1        (4) 

Where   𝑄𝑡 =  𝑞𝑖𝑗 ,𝑡  is the 𝑛 × 𝑛  time varying 

covariance matrix of 𝑢𝑡 , 𝑄 = 𝐸 𝑢𝑡𝑢′𝑡  is the 𝑛 × 𝑛 

unconditional variance matrix of 𝑢𝑡 , and 𝛼  and 𝛽  are 

nonnegative scalar parameters satisfying (𝛼 + 𝛽) < 1. Then 

it is necessary to re-escalate the matrix 𝑄𝑡  in order to 

guarantee that all the elements in the diagonal be equal to 

one. As a result, we obtain a proper correlation matrix 𝑅𝑡 . 

𝑅𝑡 = (𝑑𝑖𝑎𝑔(𝑄𝑡))−
1

2𝑄𝑡(𝑑𝑖𝑎𝑔 𝑄𝑡 )−1/2    (5) 

Where (𝑑𝑖𝑎𝑔(𝑄𝑡))−
1

2 = 𝑑𝑖𝑎𝑔(1  𝑞11,𝑡 , … , 1  𝑞𝑛𝑛 ,𝑡 ). 

Equation (4) is a correlation matrix with ones on the 

diagonal and off-diagonal elements less than one in absolute 

value, as long as 𝑄𝑡  is positive definite. A typical element 

of 𝑅𝑡  is of the form: 

𝜌𝑖𝑗 ,𝑡 =
𝑞𝑖𝑗 ,𝑡

 𝑞𝑖𝑖 ,𝑡×𝑞𝑗𝑗 ,𝑡  
, 𝑖, 𝑗 = 1,2,3,4 𝑎𝑛𝑑 𝑖 ≠ 𝑗   (6) 

The DCC model can be estimated by using a two-stage 

approach to maximize the log-log-likehood function. Let 𝜃 

denote the parameters in 𝐷𝑡 , and 𝜙 the parameters in 𝑅𝑡 , 

and then the log-likehood is  

𝑙𝑡 𝜃, 𝜙 =  −
1

2
 (𝑛𝑙𝑜𝑔(2π)

𝑇

𝑡=1

+ 𝑙𝑜𝑔 𝐷𝑡 
2 + 𝜀𝑡

′𝐷𝑡
−2𝜀𝑡)  

+  −
1

2
 (𝑙𝑜𝑔𝑇

𝑡=1  𝑅t + 𝑢𝑡
′ 𝑅𝑡

−1𝑢𝑡 − 𝑢𝑡𝑢′𝑡)    (7) 

The first part of the likelihood function in equation (7) is 

volatility, which is the sum of individual GARCH 

likelihoods. The log-likelihood function can be maximized 

in the first stage over the parameters in  𝐷𝑡 . Given the 

estimated parameters in the first stage, the correlation 

component of the likelihood function in the second stage, 

the second part in (7), can be maximized to estimate 

correlation coefficients. 

4. Results 

4.1. Estimating the DCC -GARCH 

The results of the DCC-GARCH are detailed in Table 3. 

The AR(1) term in the mean equation is negative and 

significant for Peru and Colombia. Chile is positive but not 

significant. The variance equation shows that the lagged 

conditional volatility and lagged squared error term in the 

variance equation are highly significant for all countries. 

This is reflective of the appropriateness of the GARCH(1,1) 

specification and justifies the methodology selection. 

Finally, the multivariate DCC parameters in Panel C are 

significant at the 1% level, revealing that the correlation has 

a dynamic component. Wald test rejects the null hypothesis 

that a = b = 0 at all levels (χ2 = 110,000) and p-value = 

0.000). 

Table 3 

 
Colombia Chile Peru 

Panel A Mean equations 
   

𝛾0 0.007 -0.014 0.011 

 
(0.012) (0.010) (0.016) 

𝛾1 -0.146*** 0.0653*** -0.257*** 

 
(0.020) (0.0183) (0.020) 

    
Panel B Variance 

equations    

𝜔 0.000 0.001** 0.0451*** 

 
(0.000) (0.000) (0.00769) 

𝛼 0.035*** 0.056*** 0.062*** 

 
(0.004) (0.005) (0.017) 

𝛽 0.966*** 0.948*** 0.405*** 

 
(0.003) (0.004) (0.135) 

Persistence 1.001 1.004 0.467 

    
Panel C Multivariate DCC 

equation 
  

 

a 0.048*** 

 
(0.005) 

b 0.936*** 

 
(0.007) 

    
N 1,825 

chi2 176.18 

P-value 0.000 

This table presents the result form the DCC-GARCH model. The persistence 

level of the variance is calculated as the summation of the coefficients in the 

variance equations (𝛼 + 𝛽). The t-statistics are in parentheses. ** and *** 

indicate the significance levels of 5% and 1%, respectively. Mean equations 

(Panel A) is  𝑟𝑡 = 𝛾0 + 𝛾1𝑟𝑡−1 + 𝜀𝑡 , where 𝑟𝑡 =  𝑟𝐶ℎ𝑖𝑙𝑒 ,𝑡 , 𝑟𝐶𝑜𝑙𝑜𝑚𝑏𝑖𝑎 ,𝑡 , 𝑟𝑃𝑒𝑟𝑢 ,𝑡 ,  ′; 

𝜀𝑡 =  𝜀𝐶ℎ𝑖𝑙𝑒 ,𝑡 , 𝜀𝐶𝑜𝑙𝑜𝑚𝑏𝑖𝑎 ,𝑡 , 𝜀𝑃𝑒𝑟𝑢 ,𝑡 ′  and 𝜀𝑡 𝐼𝑡−1
 ~𝑁(0, 𝐻𝑡). Variance equation 

(Panel B) is ℎ𝑖𝑖 ,𝑡 = 𝜔𝑖 + 𝛼𝑖𝜀𝑖 ,𝑡−1
2 + 𝛽𝑖ℎ𝑖𝑖 ,𝑡−1, 𝑖 = 1 − 3. DCC equation (Panel C) 

𝑞𝑖𝑗 ,𝑡 = 𝜌 𝑖𝑗  1 − 𝑎 − 𝑏 + 𝑏𝑞𝑖𝑗 ,𝑡−1 + 𝑎𝜂𝑖,𝑡−1𝜂𝑖 ,𝑡−1, 𝑎𝑛𝑑 𝜌𝑖𝑗 ,𝑡 =
𝑞𝑖𝑗 ,𝑡

 𝑞𝑖𝑖 ,𝑡×𝑞𝑗𝑗 ,𝑡  
, where 𝑖, 𝑗 = 1 − 3 𝑎𝑛𝑑 𝑖 ≠ 𝑗 . 

Furthermore, the results indicated that the volatility 

persistence measure (α + β) is close to one for all the 

countries and each displays a high persistence. Figure 2 

shows the volatility of each country’s foreign exchange rate 

in terms of their pairing with the USD. 

4.2. Correlation Analysis 

One of the great advantages of the DCC-GARCH model 

is that it uses a multivariate VAR which includes the 

opportunity to calculate all possible pairwise correlation 

coefficients for each paired foreign exchange rate for all 

three countries at the same time. As such, it is possible to 

analyze their co-movements and dynamics simultaneously 

during periods of particular interest. This is particularly 

applicable to the formation of the MILA as a virtual 

integration market and provides a timeline in order to 

analyze the differences before and after MILA was 

operational. 
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Figure 2.  This figure shows the volatility of each MILA associated country’s (Colombia, Chile, and Peru) foreign exchange rate in terms of its pairing with 

the United States Dollar. The vertical line represents the day that the MILA began operations (May 30, 2011) 

 

Figure 3.  This figure shows the dynamic conditional correlation for each country pairing of countries that participate in the MILA. The vertical line in each 

graph displays the date that MILA began operations: May 30th, 2011 
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Figure 2 presents a visual implementation of the 

dynamics of the correlation of the paired foreign exchange 

rates for each of the countries against the other: 

Chile-Colombia, Chile-Peru, and Colombia-Peru. The 

results for Chile-Colombia are not readily interpreted 

visually, but Both Chile-Peru and Colombia-Peru have 

visually recognizable decreases in correlation after MILA 

begins its operations. 

In the case of Chile-Peru, we see a drop in correlation 

that begins in the time period immediately prior to the 

opening day of operations of the MILA. The drop in 

correlation for this foreign exchange pair could be a signal 

of action in trading prior to the actual implementation of the 

MILA. This decrease is not gradual and appears to level off 

just after MILA becomes operational. The correlation 

between Colombia and Peru, on the other hand, has a 

delayed decrease after the MILA is operational. 

4.2.1. Difference in Means 

We use t-statistics to test consistency of dynamic 

correlation coefficient between foreign exchange markets in 

the pre-MILA and MILA periods to evaluate if there is a 

change in the dynamic of the co-movement between the 

countries in MILA. We define null and alternative 

hypothesis as: 

𝐻0 = 𝜇 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴 = 𝜇 𝑀𝐼𝐿𝐴 ,  𝐻1 = 𝜇 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴 ≠ 𝜇 𝑀𝐼𝐿𝐴, 

Where 𝜌 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴  𝑎𝑛𝑑 𝜌 𝑀𝐼𝐿𝐴   are the means conditional 

correlation coefficients of population in the pre-MILA and 

MILA period estimated in equation (6). If the sample size is 

𝑛𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴  and 𝑛𝑀𝐼𝐿𝐴 , the population variances 𝜎𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴
2  

and 𝜎𝑀𝐼𝐿𝐴
2  are different and unknown. If the means of 

dynamic conditional correlation coefficients estimated by 

equation (6) are 𝜌 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴  and 𝜌 𝑀𝐼𝐿𝐴  and the variances 

are 𝑠𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴
2  and 𝑠𝑀𝐼𝐿𝐴

2 , the t-statistic is calculated as: 

𝑡 =
(𝜌 𝑀𝐼𝐿𝐴 ,−𝜌 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴 )−(𝜇 𝑀𝐼𝐿𝐴 ,−𝜇 𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴 )

 
𝑠2

𝑀𝐼𝐿𝐴
𝑛𝑀𝐼𝐿𝐴

+
𝑠2

𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴

𝑛𝑝𝑟𝑒 −𝑀𝐼𝐿𝐴

    (8) 

If the t-statistics are significantly greater than the critical 

value, we reject the null hypothesis supporting the existence 

of an effect in the correlation of between MILA’s countries.  

Table 4 shows the unconditional correlations and the 

mean of the DCC coefficients in the time periods before and 

after 30 May 2011, the day trading in the MILA is initiated. 

Examining the unconditional correlations before and after 

give us the opportunity to measure the difference between 

the two time periods and make a statement about the degree 

of conditional correlation that exists in each foreign 

exchange pair, in each period. 

In all three pairs of correlations, Chile-Colombia, 

Chile-Peru, and Colombia-Peru, the difference is negative 

after MILA is initiated. In all three cases, the correlation for 

the foreign exchange pairs decreases. The differences are all 

statistically significant in all three cases. 

Table 4.  Dynamic conditional correlation and MILA effect test 

 
Dynamic conditional correlation 

 

 

Pre-MILA 

(N=989) 

MILA 

(N=836) 
difference 

Chile-Colombia 0.255 0.202 -0.053*** 

Chile-Peru 0.239 0.113 -0.126*** 

Colombia-Peru 0.584 0.448 -0.136*** 

    

This table presents the t-statistics to test consistency of dynamic correlation 
coefficient between foreign exchange markets in the pre-MILA and MILA 
periods to evaluate if there is a change in the mean dynamic of the co-movement 
between the countries in MILA. The pre period is from 09/11/2008 to 05/29/2011. 
MILA period is from 05/30/2011 to 09/11/2013. *** indicate the significance 
level of 1% 

Table 5 

 
(1) (2) (3) (4) (5) (6) 

Variables Chile-Colombia Chile-Peru Colombia-Peru Chile-Colombia Chile-Peru Colombia-Peru 

       
λi,1 0.965*** 0.964*** 0.990*** 0.965*** 0.964*** 0.990*** 

 
(0.00674) (0.00624) (0.00358) (0.00674) (0.00627) (0.00364) 

λi,2 -0.00628 -0.0720* -0.0248 -0.00737 -0.0709 -0.0245 

 
(0.0522) (0.0380) (0.146) (0.0681) (0.0480) (0.160) 

𝜂𝑘  
   

-0.00389 0.00369 0.0139 

    
(0.0850) (0.0677) (0.101) 

sigma 0.0459*** 0.0395*** 0.0357*** 0.0459*** 0.0395*** 0.0357*** 

 
(0.000212) (0.000276) (0.000229) (0.000212) (0.000277) (0.000230) 

λi,0 0.231*** 0.212*** 0.495*** 0.234*** 0.209*** 0.487*** 

 
(0.0379) (0.0300) (0.0909) (0.0842) (0.0653) (0.134) 

       
Observations 1825 1825 1825 1825 1825 1825 

chi2 20803 24039 84552 20827 24073 82265 

       

This table presents the result for the regression model adopts to analyze the evolution of market correlations of the MILA stock market. The multiple-regression model 
is as follows: 

ρ ij ,t = λi,0 + λi,1ρ ij ,t−1 + λi,2MILAt + 𝜂𝑘DCt + ϵt , for i ≠ j, Where  𝜌 𝑖𝑗 ,𝑡   are the conditional correlations of the foreign exchange returns predicted from the 

DCC-GARCH in 4.1. 𝑀𝐼𝐿𝐴𝑡  is a dummy variable that is equal to 1 after 05/29/2011 and 0 otherwise. 𝐷𝐶𝑡  is a dummy variable to capture the most recent financial 

crisis in U.S. from the beginning of 2008 to the end of December 2011. The standard errors are in parentheses. *, ** and *** indicate the significance levels of 10%, 5% 

and 1%, respectively 
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The decreased conditional correlation can be interpreted 

as an increased strength and independence of each country’s 

foreign exchange rates. The timing of the decrease 

surrounding the implementation of MILA and the results of 

the change in means leads us to conclude that the MILA 

had a negative impact on the correlation between foreign 

exchange rates. 

MILA represents an increased opportunity to diversify 

investor portfolios. Likewise, the independence of each 

foreign exchange rate is a positive development for the 

investors because the overall risk of contagion is lowered. 

As an example, if there is higher volatility in the exchange 

rate of any MILA related country with the USD, any 

investor can hedge their foreign exchange exposure by 

establishing a position within another MILA country. 

Noting the DCC-GARCH estimations and the correlation 

analysis, the connection between conditional volatility and 

correlation has an important implication for investors that 

participate in this new integration. When the foreign 

exchange rate for one of these countries decreases, domestic 

investors search for the benefits of international 

diversification. Thus, the resulting low correlation(s) among 

the foreign exchange rates of the countries that participate in 

the MILA implies that the gain from international 

diversification by holding portfolios consisting of currencies 

in one of the countries increases, because these foreign 

exchange markets are less exposed to systematic risk. 

4.2.2. Multivariate Correlations Analysis 

Looking at the mean differences provides a simple to 

understand overview of the change in the correlation before 

and after the MILA. However, the evaluation of means does 

not allow an investor to model the dynamic changes to the 

foreign exchange rates as they occur over time.  

Recognizing that the comparative mean model above 

does not take the dynamic structure of the DCC into 

account, we run a time series regression model to evaluate 

the evolution of the market correlation over time. We 

implement the following ARMA (1,0,0) regression model: 

𝛒 𝐢𝐣,𝐭 = 𝛌𝐢,𝟎 + 𝛌𝐢,𝟏𝛒 𝐢𝐣,𝐭−𝟏 + 𝛌𝐢,𝟐𝐌𝐈𝐋𝐀𝐭 + 𝜼𝒌𝐃𝐂𝐭 + 𝛜𝐭, 𝐟𝐨𝐫 𝐢 

≠ 𝐣                                         (8) 

Where  𝜌 𝑖𝑗 ,𝑡  are the conditional correlations of the foreign 

exchange returns predicted from the DCC-GARCH in 4.1. 

𝑀𝐼𝐿𝐴𝑡  is a dummy variable that is equal to 1 after 

05/29/2011 and 0 otherwise. 𝐷𝐶𝑡  is a dummy variable to 

control for financial contagion produce by crisis and it has 

been showed affect the dynamic conditional correlation (see 

Horvath and Petrovski, 2013; Syllignakis and Kouretas, 

2011; and Chiang et al. 2007). We include a dummy variable 

to capture the most recent financial crisis in U.S. from the 

beginning of 2008 to the end of December 2011.  

The estimation results in Table 5 show that the 

unconditional mean of correlations and constant terms are 

all significant at the 1% level. The initiation of MILA 

operations has decreased the correlation between foreign 

exchange pairs of associated countries as demonstrated by 

the dummy variable in model 1, 2, and 3 in Table 5. The 

dummy variables are all negative and reflect that the 

correlation decreases in the second period. However, only 

the correlation between Chile-Peru is significant at 10%. 

Models 4, 5, and 6 include a variable that controls for the 

financial crisis. The MILA dummy variables all continue to 

be negative but now none are significant. These results are 

not necessarily contradictory as the results show the same 

expected direction change that were found in the mean 

difference test following the dynamic estimation of 

correlation from the DCC-GARCH model. 

5. Conclusions 

The MILA is an ongoing effort to integrate the stock 

markets of Colombia, Peru and Chile and continues to make 

adjustments to facilitate trade while maintaining a degree of 

independence for each country. The effect of MILA on the 

foreign exchange rates of each country pair should be well 

received noting that the implementation of the MILA has 

lowered the overall correlation of each. As such, the 

potential effect of contagion in the foreign exchange markets 

of each country has lowered and each foreign exchange 

appears to have a greater level of independence from each 

other. 

Other changes in the MILA have not been fully sorted out. 

As an example, the Peruvian market is the most expensive in 

terms of tariffs and tax issues (Bases and Lash, 2013). These 

transaction differences may account for some variation in 

demand within the market and represent opportunity for 

future research. Another topic for future research could 

include the effect of stock market volume on the different 

foreign exchange rates. 

We surfaced a decrease in correlation in the mean tests 

that mirrors our expectations of an increased strength in 

foreign exchange rates following the initiation of the MILA. 

The long term goals of the MILA to compete with other 

regional markets have surfaced increased opportunity and 

strength for participating entities outside of their initial goals 

that should be a welcomed effect by host country foreign 

exchange policies. 
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