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Abstract
We ask whether foreign equity ownership affects the stability of share prices in an emerging economy.  We address the effect of ownership restrictions exogenously imposed on stock ownership and the impact of introducing or widening foreign ownership through cross-listing.  A methodology for variance ratio analysis is introduced that corrects for liquidity and volume differences across stock series experiencing different degrees of foreign ownership. We find that foreign ownership does not affect volatility in the absence of cross-listing.  Foreign ownership introduced or accompanied by cross-listing of a stock series raises the variance of returns.  This effect is found to operate in part through increases in volume traded on the domestic market following the listing, and through an identifiable increase in the volatility of information net of volume effects.
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I.
Introduction

The increased globalization of trading has generated a burgeoning literature with respect to the effects of foreign ownership on the trading of securities in a domestic market.  The resulting tree of theoretical and empirical results has developed several major branches, including work on the widening of foreign ownership through international equity cross-listing and research concerning the impact of ownership restrictions on stock prices and returns.


In one fashion or another, research in this area is concerned with the impact of foreign ownership on information, volatility, and their consequent effect on prices.  In the case of foreign ownership restrictions, attention typically is focused on international integration of markets, reflecting  cross-border information flows.
  Work on the segmentation of markets across countries and investor groups is often concerned with information issues in the context of order flow migration.
  This is most clearly seen in debates over whether the cross-listing of stocks fragments a market or improves its competitiveness.
  


Our focus is on price volatility in the presence and absence of foreign ownership of equity. We address the effect of ownership restrictions imposed on the holdings of common stock and the impact of introducing or widening foreign ownership through cross-listing in a foreign market.  This focus raises several questions.  Does foreign ownership raise or lower the variance of equity returns?  Is there a difference between opening a stock market directly to foreign investment and encouraging foreign participation through cross-listing in another market?  Are volatility effects due to foreign ownership, or are they more broadly attributable to market segmentation, whatever the source?  Within this set of issues, we investigate whether foreign ownership increases or decreases a component of volatility related to information signals that are absorbed into prices, affecting price stability and the quality of the domestic market.  The importance of stock market quality to long-run economic growth is illustrated by Levine and Zervos (1998), amongst others.


In order to address these questions, it is important to consider the transmission mechanism by which restrictions and changes in the environment lead to volatility shifts.  In a variety of contexts, it can be demonstrated that the variance of price changes consists of a component reflecting fundamental values and information signals, a liquidity component, and a volume effect.  Commonly used variance ratio analysis of price changes is likely to be misleading.
  In the context of cross-listing, for example, transitory demand shocks may increase domestic volume, giving the appearance of market destabilization where none may exist.


More generally, the opening of a market or the widening of foreign ownership is a liquidity event.  Such an event entails effects beyond volume differences and associated depth of market, operating through characteristics of participant demand following from traders' utility functions and dispersion of beliefs.  Any market fragmentation following a cross-listing event, in particular, leads to trader migration, reducing liquidity and increasing the effect of demand shocks on volatility.  Information linkages between markets that are imperfect result in greater dispersion of beliefs concerning valuation and higher adverse selection costs, also affecting liquidity, hence volatility.  It is an open question as to whether market segmentation induced by ownership restrictions without the existence of a dual market affects liquidity, volume, or volatility unrelated to a combination of the two.

Our investigation is nested within a larger set of issues.  The opening of emerging stock markets to foreign investors can be an important opportunity to attract badly needed foreign capital.  Total net private capital inflows to emerging markets increased from $47.7 billion in 1990 to an annual average of $141.7 billion during 1991-1993 and $154.3 billion over 1994-1998 (IMF,1999, table 3.1).  This was accompanied by a flurry of emerging stock market liberalizations. Policy makers continue to fear the variability of foreign flows of funds, however, which can introduce excessive movements in stock prices.
  Other worries include the potentially destabilizing influence of competition from foreign financial institutions and markets, and a loss of control of the ownership and operation of domestic enterprises.
  In response to this last concern, foreign ownership restrictions may be imposed by governments to ensure that control remains in the hands of domestic nationals; examples include China, Thailand, India, Indonesia, South Korea, and Mexico.
  We exploit such restrictions in our examination of the effects of foreign ownership on volatility.


Our work is related to the large literature on capital controls, surveyed by Dooley (1995).  Capital inflows to emerging markets have raised a variety of questions concerning the costs and benefits of government programs designed to limit or modify the composition of transactions in the capital markets. Previous research that examines the effects of restrictions on foreign equity investment suggests that equity controls have significant effects on equity yields.
  We contribute an additional piece to the literature that attempts to determine whether controls have a measurable effect on market variables of interest.


We find that foreign ownership may raise or lower the overall variance of returns of an equity stake, but does not affect volatility net of liquidity effects in the absence of cross-listing of the security.   The effect of foreign ownership operates through differences in beliefs and/or risk tolerance between domestic and foreign investor groups, which affect liquidity, or through transitory demand shocks, which affect volume.  There is no obvious channel through which nonliquidity-related volatility is influenced by foreign ownership, and this hypothesis cannot be refuted by the data.  Simple market segmentation between foreign and domestic investors does not affect volatility in the domestic market.  In contrast, foreign ownership introduced or accompanied by cross-listing of a stock series raises the variance of price changes.  This effect operates in part through increases in volume traded on the domestic market following the listing, but includes an increase in volatility not attributable to liquidity or volume.


In order to reach these conclusions, we use a database consisting of daily data on stock series traded on the Mexican Stock Exchange.  There are reasons for this choice beyond the mere availability of the data.  We want to control for two factors, in particular.  The first is the nature of the domestic market in comparisons of results from ownership restrictions and from the opening of foreign ownership through cross-listing.  It is well known that market structure can affect information processing, hence volatility.  By using the same domestic market in both cases, we control for structural considerations, including the nature of local market making activity on the part of domestic traders.
  For this purpose, we require a market that has experienced a combination of foreign ownership restrictions and cross-listings over the same period of time.  Second,  we must control for volatility due to changes in the fundamental values of the stocks across foreign and domestic ownership.


The Mexican market presents an excellent laboratory with respect to both considerations. New international cross-listings occurred during the sample period over which we can obtain stock series reflecting differing ownership restrictions. The cash flows accruing to different classes of stocks are the same, and the fundamental value of a company does not vary by stock series.  Ownership restrictions are mandated by government policy, obviating problems with endogenously determined equity restrictions pointed out by Stulz and Wasserfallen (1995).  Further, there are no additional voting restrictions on the stock of the companies examined here.  Finally, the Mexican market lacks complicating factors such as additional restrictions on foreign capital investment or special tax considerations.


We begin by presenting a methodology for inferring changes in volatility in section II.  An empirically implementable model of trading behavior is used to additively decompose the variance of returns into an information component and a multiplicative relationship between liquidity and volume.  The statistical technique permits direct estimation of the variance ratio, net of volume and liquidity effects.  The structure of the market, with respect to foreign ownership restrictions and cross-listings, plays an important role in our analysis.  Section III is devoted to a discussion of the salient institutional points, and includes a brief discussion of the data.  Our empirical results are presented in section IV.  The analysis is directly based on 24 series covering 18 firms, with an additional 24 stock series and 17 companies serving as controls.  We explore the robustness of our results by examining control groups with respect to corporate characteristics, economy-wide effects, and alternative forms of observable market segmentation in section V.  Some concluding comments are contained in section VI.  

II.
Liquidity-Corrected Variance Ratio Tests


In this section, we introduce the concept of liquidity-corrected variance ratios and associated test statistics against the hypothesis that the ratio is unity.  The first step consists of a model formulation that makes possible the decomposition of the variance of price changes into base-level volatility and a liquidity component.  The second step is the construction of the corrected variance ratio statistic, together with an estimation methodology that allows for the straightforward calculation of its distribution for purpose of inference.

A.
The Variance Decomposition

Price changes in an auction setting can be traced to changes in beliefs due to new information and to noise induced by order flow shocks.  The model presented in the Appendix formalizes this intuition in a simple fashion by decomposing the variance of such changes into two corresponding components. The variability of price changes consists of an element arising from volatility in changes in fundamental values and imperfect information signals, and a component caused by price effects related to trading volume.  This is a fairly standard result, in that the model simply predicts a positive relationship between price variability and volume. The sensitivity of price variance to volume is inversely proportional to liquidity.

From the equilibrium price relationship and the expression for the second moment of volume in the Appendix, the variance of price changes may be written as




,
(1)

where E[Vt]2 is the expected share volume squared conditional on information available to the traders at time t.  We define the parameter (t in the setting of equation (1) to be base-level volatility. This variance captures movements in fundamental values (changes in the present value of cash flows generated by the asset) and changes in the precision of information signals.


The term (E[V]2 embodies both liquidity and volume effects.  Both have market microstructure interpretations, hence links to foreign ownership and cross-listing events.


Expected volume is a function of asset value, price, the degree of risk aversion, and the variance of investors' priors regarding fundamental value.  In a more fully articulated model, expected volume also is increasing in the probability of trader arrival to the market and decreasing in the bid-ask spread.  In a world of imperfect information linkages leading to partial fragmentation of securities markets, the effect of cross-listing on volume is ambiguous.  Increased adverse selection costs due to foreign trading lower volume, as would migration of foreign investors to their home market.  On the other hand, domestic market makers may cut spreads, reducing transactions costs, in an effort to retain order flow, as documented in Domowitz, Glen, and Madhavan (1998).  Increasing degrees of market integration enlarge overall volume, and the distribution of volume between the two market centers depends upon transactions costs.

The parameter ( is an inverse measure of liquidity. Greater risk aversion and higher variability in beliefs concerning asset value increase (, while a more active market measured in terms of the number of participants decreases this parameter.  In related models, it measures the information content of trades, and would be an increasing function of the bid-ask spread.  Here, it is a complex characteristic of participant demand that follows from the trader's utility function and dispersion of beliefs.  

Cross-listing is a form of liquidity event, reflected in changes in (, hence in differences in overall market liquidity.  Market fragmentation leads to trader migration and increases the parameter, exacerbating the effect of volume on volatility, and intuitively decreasing market liquidity. Imperfect information linkages suggest that, from the view of a domestic market maker, prices in the foreign market reveal new information.  Adverse selection costs rise, leading to increases in (, and liquidity falls.

The impact of cross-listing on base-level volatility also depends on information linkages between markets.  It may depend upon the quality of information signals available to new investors in the foreign market, and on changes in the present value of cash flows generated by the act of cross listing or by the capital-raising process.  Additionally, exposure to a new foreign factor may increase base volatility through the valuation process.  The direction of this change to base-level volatility is the focus of the analysis to follow, and we now turn to procedures that allow its isolation. 

B.
Liquidity-Corrected Variance Ratios 


The model implies that the ratio of conditional variances of information for two stock series, denoted A and B, can be written as




,
(2)

where 

.  We suggest a procedure for estimation and inference with respect to Rt based on moment conditions suggested by equation (1).  


When (A and (B vary over time, it is possible, but unlikely, that the variance ratio is time invariant.  A sensible hypothesis is that the ratio of the average base-level variances is unity under the null, as opposed to the stringent requirement that Rt = 1 for all t.  We proceed on this basis for the development of our approach to estimation and testing.


Let 

, a time varying average of base-level volatility, for j = A and B, and define the average volatility ratio as 

.  Let 

 and 

 be functions of the data used to measure the variance of changes in prices of stock series B and A, respectively.
  An appropriate set of sample moment conditions is given by




,
(3)

where zt is a set of instruments. and generalized method of moments (GMM; Hansen, 1982) is used to estimate the vector of parameters 

. 

Under the null hypothesis, the average volatility ratio is unity, and 
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, and its standard error is easily computed via a mean value expansion.  Since the estimation method is GMM, correlations between stock series are taken into account, a motivating factor in previous work on variance ratio inference using moment conditions.  A standard Wald statistic can be used to test the hypothesis that the average variance ratio is unity; an outline of the argument, and references supporting this result, are contained in the Appendix.


Alternatively, we could estimate the model under the null hypothesis and use a test of overidentifying restrictions to test the null. Tests based on overidentifying restrictions have been shown to reject too often by Burnside and Eichenbaum (1996), among others.
  Such conservatism with respect to inference can still be useful, however.  In particular, Smith (1994) correctly notes that the integration of market structure considerations with a test of an economic hypothesis essentially involves a joint test of the model along with the hypothesis of interest.  In our case, we can use a test of orthogonality restrictions as a general model specification test, albeit a strict one given its conservative nature. The specification test statistic is given by 



,




      (4)

where WT is the inverse of the covariance matrix of the moment conditions.  This statistic, originating with Hansen (1982), is distributed asymptotically as a chi-squared random variable, with degrees of freedom equal to the number of overidentifying restrictions.  Failure to reject the model based on such a specification test lends some additional credibility to inference with respect to the liquidity-corrected variance ratio.

III.
Institutions and Data
A.
The Bolsa Mexicana de Valores

The Bolsa Mexicana de Valores (BMV) is the single stock exchange in Mexico, owned by 26 Mexican-owned brokerage houses.  During the sample period, only these brokerages were allowed to trade on the floor of the exchange.  In 1993, there were 884 equity instruments traded on the BMV, but trading is highly concentrated in a very small number of  issues.  The exchange operates from 9:30 a.m. to 5:00 p.m. EST from Monday to Friday.  


Orders are generally sent to the floor to be traded by brokers through open outcry.  Although trading is now much more computerized, during the period of our sample the computer systems handled very little volume and processed only small orders.  Block trades occur on the trading floor and are subject to the rules governing the auction process.  In summary, the trading mechanism on the BMV closely resembles a standard continuous auction market.

B.
Multiple Equity Series 


Over the period of the sample, the Mexican equity market is characterized by the existence of multiple classes or “series” of shares that differentiate between various investor groups and issuers.  These classifications are dictated by government policy with the objective of keeping corporate control in the hands of Mexican nationals.  We review here only the distinctions important with respect to foreign ownership.
  Even in this more limited context, we must differentiate between issuers.


For the non-financial firm, there are essentially two series of interest.  Series A shares can be held by Mexican individuals or institutions, and must represent at least 51 percent of the capital outstanding.  Series B shares are open to all investors, domestic or foreign, and consitute 49 percent or less of the capital.  All shares have full participation in the earnings of the firm, and full voting rights.


A separate system of series restrictions applies to financial firms.  For our purpose, there are again two series of interest.  Series B shares, issued by financial firms, are open to Mexican individuals or institutions not controlled by foreigners.  Series C shares are open for foreign purchase, but are limited to 30 percent of total capital.
  Together, series B and C may account for no more than 49 percent of voting shares.  All series share in the earnings of the firm and have full voting rights.

C.
American Depository Receipts 


Foreign companies that wish to widen foreign ownership of equity via the U.S. market may do so through the issuance of  American Depository Receipts (ADRs).  The ADR represents shares held by a trustee.  The receipts, issued by a U.S. depository (typically a large bank), are treated as U.S. securities for the purpose of clearance, settlement, and transfer.
  


There are four issue types, of which three are represented in our data.  A Level I issue is traded in the U.S. over-the-counter market.  No new capital is raised, and this type of issue permits access to the U.S. market without many of the regulatory and administrative costs usually associated with the raising of capital.  Level II involves listing existing shares on a U.S. exchange without new capital being raised, and is not represented in this study.  Level III issues engender exchange listing combined with compliance with U.S. regulatory requirements that accompany the raising of new capital.  Finally, ADRs can be placed privately with qualified institutional investors, with minimal disclosure requirements under the 144A rule.  Trading in the 144A market takes place through a set of market specialists on the Portal quotation system.


An existing ADR can either be transferred to a U.S. buyer or be canceled by the depository and converted back into the underlying share.  Given the connection between the ADR market and that for underlying shares, it is not surprising that exchange-rate-adjusted prices should be aligned by cross-border arbitrage (Griffith, 1995).

D.
The Data 


The data are obtained from the BMV.
  The sample consists of daily information on prices and trading volumes for equity series, for which the underlying company either operated under foreign ownership restrictions or experienced an ADR issue over the period 1990-1993.


All equity series are listed by company and industry group in table 1.  Retail stores, food, construction, manufacturing, communications, holding companies, and the financial sector are represented.  There are seven companies and fourteen stock series in the group for which foreign ownership restrictions were in effect.  The stocks included in this group are the only ones for which reliable daily stock price data on series differentiated by ownership rights are available.  Ten companies with an associated ten series comprise the ADR sample.  Each such series was issued as an ADR, but not all series within a company experienced such cross-listing.
  


Stock price changes and volumes are adjusted based on information from from the BMV and the BMV’s year book, the Anuario Bursatil.  This process includes the usual adjustments for dividends and stock splits.  Companies also routinely changed series designations after corporate actions, although the underlying changes generally have no effect on ownership rights, voting rights, or claims to dividend streams.  For example, the A series of CIFRA underwent seven changes in series designation between 1988 and 1993.  Each such change was investigated using information from the Anuario Bursatil and data supplied by Mexican brokerage houses.

IV.
Foreign Ownership and Volatility 
A.
Volume and Volatility

The role of volume in inference obtained from simple price volatility statistics is evident in table 2, which contains data on average daily trading volume and volatility by stock series and cross-listing status for each company.


Panel A of the table contains information relating to foreign ownership restrictions.  The ratio of traded volume in shares restricted to Mexican ownership to that of unrestricted shares varies from roughly 0.3 to 1.4.  A standard variance ratio test, reported in the third column of table 3, rejects the null hypothesis of unity in most cases, but the result could be generated by differences in trading volume across restricted and unrestricted shares alone.


Panel B is devoted to information on series for which ADRs were issued over the sample period.  In the case of A shares, the ADR issuance represents new exposure to foreign ownership; in all other cases, this type of cross-listing represents a widening of foreign ownership.  The variance of price changes increases after ADR issuance in eight of ten cases. Traded volume in the domestic market also rises.  In all but two cases, the direction of volatility changes follows that of changes in volume post ADR listing. 

 
The statistical significance of these changes in the overall variance of prices is illustrated in table 3.  Estimates of the average variances of price changes and their ratio, reported as 

, are computed by GMM, in order to exploit information in the cross-correlations between stock series; they may, therefore, differ slightly from those derived based on table 2.  

In the sample of firms with foreign ownership restrictions, the hypothesis of a unitary ratio is generally rejected. The same hypothesis is rejected for all but two firms in the ADR sample.  These cases entail a decrease in the point estimate of the  price variance following ADR issuance, together with a decrease in volume traded, the only such circumstances in the sample.  Overall volatility typically rises, and the increase is different from zero at reasonable statistical significance levels.

B.
Liquidity-Corrected Variance Ratio Statistics

Table 3 also contains the estimates of the average base-level volatility ratio, reported as 

, for both samples.  This statistic is the ratio of the average base-level variance in restricted share series relative to that of unrestricted series, in the case of foreign ownership restrictions.  In the ADR sample, the statistic is the ratio of base volatility for 200 days prior to ADR issuance relative to that for 200 days following cross-listing.  Lagged values of 

, j=A and B, are used as instruments in the case of shares restricted by foreign ownership. Lagged values of squared volume also are employed for estimation before and after ADR issuance, but without overlap in terms of before and after cross-listing.
  

The J-statistic for model misspecification fails to reject the null hypothesis of correct specification of the model and orthogonality conditions at reasonable levels of statistical significance for all but a single case in each sample.  This permits us to concentrate on the variance ratios without further concern over the statistical validity of the underlying model, despite its stylized nature.

 
Simple market segmentation through ownership restrictions generally does not influence information processing unrelated to volume, although the variance of price changes is clearly affected. The average price premium for unrestricted shares is approximately 8.6 percent, suggesting market segmentation. The point estimates in table 3 suggest higher base-level volatility for such shares, but the ratios are insignificantly different from one at any reasonable level, with only two exceptions.  


The extension of the Stulz and Wasserfallen (1995) model in Domowitz, Glen, and Madhavan (1997) helps to explain this pattern of results. The equilibrium price premium for unrestricted shares depends on differences in the valuation of equity earnings by domestic and foreign investors. There may be differences in the beliefs and/or risk tolerances between the two investor groups, for example.  The influence of differing valuations and degrees of risk aversion on return variance is captured by the parameter 

 in equation (1).  An increase in the number of foreign investors also can affect the variance of price changes, but this would be captured in 

.  Transitory demand shocks contribute to the overall variance, reflected in daily trading volume.  In none of these cases is (t directly influenced, although the difference in price variability between restricted and unrestricted share trading can be significant.


The situation appears to be quite different in considering the broadening of foreign ownership offered by ADR issuance.  There is reasonable statistical evidence that cross-listing via ADR issuance tends to increase base-level volatility.  The average liquidity-corrected volatility ratio is less than one in all but two cases.  For those two stock series, the ratio is not significantly different from unity.


Cross-listing of this sort involves not only segmentation of the market with respect to investor groups, but also an introduction of a different trading venue.  Unfortunately, data on trading of these series in the U.S. is not generally available.
  Nevertheless, the results for the domestic market contribute to theoretical debates.


Increased participation by new foreign investors, together with active price arbitrage, could result in more efficient aggregation of investor beliefs.  This effect increases information precision, and lowers (t.  This possibility is not reflected in the data.  

Alternatively, international listing may divert order flow away from the domestic market, resulting in lower market quality.  Such market fragmentation could, in principle, lead to a decrease in information precision, and therefore increase (t following ADR issuance.  This is especially true if intermarket price competition is imperfect or if there are significant delays in transaction reporting across markets (Madhavan, 1995).  Our evidence is consistent with this view.  Conversations with Mexican brokerages and experienced U.S. institutional traders suggest, however, that differences across the Mexican and U.S. markets are quickly arbitraged away, mitigating the adverse effects of possible market fragmentation (see also Griffith, 1995).


The evidence supports the conclusions of the Freedman (1990) model of dually listed securities.  In that model, cross-listing affords informed traders additional opportunities to trade on long-lived information.  This implies greater revelation of (private) information, which in turn results in an increase in the variance of the stock price on the domestic market.  We not only observe the increase in price variance, but also infer a direct increase in base-level volatility, which relies on information effects and changes in valuation.  In this sense, our support for the theory is more direct than that of Jayaraman, Shastri, and Tandon (1993), for example, who report increases in overall price variances following cross-listing for a set of more developed stock markets, but do not account for liquidity effects.

V.
Country Effects, Firm Characteristics, and Domestic Ownership Restrictions


The evidence presented thusfar illustrates differing effects of foreign ownership on price volatility, depending on the existence of segmentation of investor groups within and across markets.  We investigate three possible complicating factors in the analysis.  

A.
Economy-Wide Effects

Bailey and Chung (1994) note the potential importance of political and economic events in Mexico over our sample period.  It is possible that the effects that we attribute to ADR issuance merely reflect economy-wide influences. 

We gather data on ten companies traded on the BMV, for which there was no ADR issuance over the sample period. 
   The share series selected are some of the highest volume, most liquid stocks, according to our BMV sources, and therefore correspond well with the ADR sample.  Industry coverage includes brokerage, chemicals, banking, paper, and steel.  GMM estimates of the ratio of price volatilities and of the base-level volatility ratio are computed, based on equation (3), using the approximate midpoint of ADR issuance in our ADR sample as the breakpoint date.

While base-level volatility increases after ADR issuance for most of the ADR sample, there is a statistically significant change in the control group for only a single company, Corporacion Mexican de Aviacion (CMA).  Although overall price variance increases for the control group shares, the increase is not nearly as dramatic as for the cross-listed stocks.  The price variance ratio is less than 0.5 in seven of the ten series in the ADR sample, but is less than a half for only three of the ten series in the control group.
   

Although a single “significant” result would be expected in any sample of 10 firms, CMA also is somewhat different.  A cancellation of 3.6 percent of tradeable shares in CMA was announced by the BMV early in the sample period.  Towards the end of the period, CMA share holdings were then increased by about 2.6 percent through what appears to be a share swap arrangement with Compania Mexicana de Aviacion. CMA clearly was experiencing changes in its structure and operations that could easily have affected the trading of its stock over the sample period.

B.
Corporate Characteristics

Although the evidence ranges across multiple companies in differing industries, corporate characteristics may influence the results.  We have no detailed data on the corporate entities involved, but we can compare results for four firms across the foreign ownership restrictions and cross-listing samples. CEM, CIF, FEM, and MAS belong to both samples, illustrated in table 1, with only a single series cross-listed.  Given that the corporate characteristics are the same for each company over these two samples, large differences in the volatility ratios would be in line with our previous results.  The discussion below is based on a comparison of results across panels A and B of table 3.

CEM and CIF exhibit the main characteristics of our findings. Price variance differences across classes of shares exist.  Base-level volatility is unaffected by domestic market segmentation, however, while cross-listing increases that component of volatility by a statistically significant amount.  There are substantive differences in the magnitudes across samples, as well.  Base-level volatility ratios are 0.87 and 1.12 for the foreign ownership restrictions, while they decline to 0.28 and 0.38 for CEM and CIF, respectively, following cross-listing.

Price variance in the home market rose significantly due to ADR issuance for CEM, CIF, and FEM, illustrated by variance ratios of 0.13, 0.22, and 0.15, respectively. In a comparison of unrestricted to restricted shares, the ratios are much closer to unity, 1.06, 0.83, and 0.60, respectively. 

The observed variation in both price variance and base volatility depends on the difference in the form of foreign exposure to the firm’s equity. We have little to say in the remaining case of MAS, however.  The ratio point estimates are all statistically insignificant, except in comparisons of price variance in the sample of shares facing foreign ownership restrictions. Even there, the ratio is 1.06, not substantively different from unity.

C.
Alternative Forms of Market Segmentation

The data allow the examination of an alternative set of ownership restrictions that apply only to Mexican institutional investors.  Domowitz, Glen, and Madhavan (1997) show that purely domestic ownership restrictions are sufficient to segment the market, in the sense that there are substantial price premia accruing to unrestricted shares.  We have argued that market segmentation is not sufficient to cause differences in volatility net of liquidity effects, but that trading in different markets, as opposed to trading across different investor groups, matters in this regard.  We should, therefore, fail to detect differences across share classes in the control group, for which there is no foreign market trading.  If there are differences in overall price variance between share series differentiated by domestic ownership restrictions, as opposed to foreign ownership restrictions, they should be explainable through volume or liquidity effects.


For any bank or financial services firm, the A series of equity is open only to Mexican individual investors, while the B series is open both to domestic individuals and Mexican-controlled institutional investors.  All share holders paricipate fully in the earnings of the company, and both series have full voting rights.  We refer to ownership of the B shares as unrestricted relative to the A shares. Both share series preclude foreign equity participation.  Our sample consists of 14 series across 7 banks, brokerage houses, and financial groups, none of which experienced an ADR issuance.
 GMM estimates of price variance and base-level volatility ratios are computed in the same way as for the sample experiencing foreign ownership restrictions.


There are no volatility ratios in this control group that are statistically different from unity, with significance levels ranging from 0.3 to 0.75.  The median price variance ratio for the control group is 0.79.  This figure is approximately 15 percent lower than obtained from the sample for which there are foreign ownership restrictions.  The difference is explainable in part by trading volume.  Institutional investing in the B shares of the control group engenders trading volumes in the unrestricted shares that are from 1.5 to 8 times higher than for the share series restricted to non-institutional ownership.  The range of the ratio of unrestricted to restricted trading volumes in the case of foreign ownership is much more narrow, with values ranging from slightly below 1.0 to 3.4.  It follows that lower price variance ratios (expressed as the ratio of restricted to unrestricted share price variances) are expected in the control group.

VI.
Conclusion

We investigate potential differences in volatility unrelated to liquidity and volume effects in an emerging trading market, due to foreign ownership of domestic equity series.  We discriminate between direct foreign ownership of share series traded in the domestic market and the effects on that market of the introduction or broadening of foreign ownership through international cross-listing.  It has been shown elsewhere that ownership restrictions segment the domestic market, in the sense that price premia exist for unrestricted shares open to foreigners.  Our results illustrate that although such market segmentation may affect price variance, it does so only through liquidity or volume effects and in an unsystematic fashion. In this sense, market quality is unaffected by the existence of government-mandated ownership restrictions, a form of capital controls highlighted by Dooley (1995).


The analysis of cross-listed stock series echoes prior results illustrating an increase in the variance of  returns following international cross-listing.  Such studies generally conclude that this increase in variance implies an increase in the volatility of information.  This inference is based on the existence of concomitant volume effects and the links between price volatility, volume, and information in mainstream models such as those of Kyle (1985) and Admati and Pfleiderer (1988).  We provide more direct evidence on this point, documenting increases in volatility due to cross-listing, net of any volume and liquidity effects.  The analysis of a control group of stock series that did not experience cross-listing suggests that this distinction may be important.  The variance of prices in the control sample also rises over the period of ADR issuance, albeit less than that for the ADR issues, but no information effects unrelated to volume are observed.


The ability to draw such distinctions rests on the introduction of a method to compare volatility across stock series that differ with respect to liquidity and trading volume characteristics.  Jones and Kaul (1994) note that economists’ fascination with volatility is deserved because it reflects the arrival rate of information.  As a consequence, the use of variance ratio analysis is widespread.  Variance ratio tests are employed to characterize volatility and information flow across trading and nontrading periods, to examine the effects of trading mechanisms on volatility and information, as well as to study the behavior of volatility across countries and markets.


Liquidity and volume differences would naturally be expected in consideration of open-to-open versus close-to-close returns, across countries, across markets with different trading hours, and across trading mechanisms represented by markets with disparate trading communities.  In agreement with the general advice of Smith (1994), we suggest, in particular,  the use of market microstructure models to separate the effects of liquidity from those arising from information flow differentials unrelated to volume.  Alternative model formulations that allow such discrimination exist, of course.  Our study of volatility differences due to foreign equity ownership is only one example of the potential usefulness of the technique.


There are inevitable caveats with respect to the use of empirical conclusions for policy purposes.  In our case, issues concern the choice of a single country for analysis, the sample period, and the relevance of the ownership restrictions under investigation.


The choice of Mexico reflects a preference for a case study investigation of trading market issues, as in the investigation of potential Korean market destabilization by foreign investors in Choe, Kho, and Stulz (1998).  The benefits of case versus cross-country analysis in emerging markets research are widely and often debated.  In trading markets research, there are advantages to controlling for the nature of the participant base and the form of market microstructure.  Mexico, in addition, offers a unique combination of sufficient high-frequency data on foreign ownership restrictions and cross-listing events.  The Mexican data also facilitate the ability to control for complicating factors such as endogeneity of restrictions at the level of the corporation, tax considerations, voting restrictions, and additional restrictions with respect to foreign capital over the sample period.


The sample period covers experience through 1993, with the majority of events during 1991-1993.  The emerging markets context of the study has changed, but in some ways not as much as one might think.  Average annual net private capital inflows increased by only 9 percent over 1994-1998, relative to 1991-1993.  Average annual net portfolio investment in emerging economies relative to GDP is virtually the same across the two periods (1.13 percent relative to 1.12 percent).  The real issue is crisis periods.  Once crisis turmoil is netted out, there is little visible change in volatility and interest rate spreads, for example (IMF, 1999, figure 3.8).  Mexican responses to crisis periods began in 1994, involved government intervention, and were relatively severe (BIS, 1999, p. 59).  More generally, investor responses to crises over the 1994-1998 period involved departure from "normal" pricing relationships and the severe curtailment of market making functions (BIS, 1999, pp. 94-102).  Foreign positions were largely closed out in emerging markets, and emerging market trading desks were simply shut down (IMF, 1999, p. 117).  The result was general decline in emerging market liquidity, higher bid-ask spreads, and sharp increases in asset pricing volatility.  It would be very difficult to disentangle these effects from more normal relationships with respect to foreign ownership using an extension of the sample period.  To the extent that one believes such crises to be the norm, rather than the exception in the future, our results may not be a good guide to policy.


The precise form of capital controls changes over time and across countries.  In 1997, for example, Mexico abolished many of the government-mandated restrictions used here, leaving such restrictions to to the discretion of individual companies.  Nevertheless, ownership restrictions are a form of policy, whether mandated by governments, markets, or corporations (e.g., Stulz and Wasserfallen, 1995).  From this perspective, the results illustrate effects that might be anticipated given continued use of such controls, their resurrection at the government level, or their newer use by corporations in emerging market settings.  Our view is somewhat different, however.  We use the Mexican controls as part of an overall method to investigate degrees of foreign ownership, and the widening of foreign ownership with and without dual markets, as opposed to an attempt to reach firm conclusions about the exact nature of the controls themselves.  

Appendix: The Model and Variance Decomposition

We consider a single risky asset traded only in a single domestic market.  There are n traders, of which some may be foreigners; the precise split between domestic and foreign participants is unimportant for the purpose of demonstrating the variance decomposition.  An individual trader has an endowment of xi and an initial cash position; negative endowments can be interpreted as short positions.  Let ( denote the present value of the cash flows generated by the risky asset.  Traders receive signals about the value of the asset, and conditional on such signals, they view ( as distributed N((, (2 ).  


Traders possess negative exponential expected utility functions in wealth, Wi , of the form











,     i = 1,..., n,



     (A1)
where ( > 0 is the coefficient of risk aversion.  Endowments are distributed independently normal with mean ( and variance 

.


Let qi be the order quantity of the ith trader, with the convention that security purchases are represented by positive numbers and trader sales by negative numbers.  Maximizing expected utility produces the quantity traders demand for a given price,



.




     (A2)


Market clearing, (qi =0, implies that p = ( - ((2(xi/n, and substituting p into the demand function derived above yields an equilibrium quantity, qi = ((xi/n - xi), for each trader.  Observe that qi is distributed normally with zero mean and a variance equal to 

(1-1/n).  Also, under our assumptions, qi and qj, i ( j, are distributed as a bivarite normal with a correlation coefficient, (.  The second moment of expected volume, EV2, is
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                  =     (1-n-1)

,

where the first equality uses
 

E[|qiqj|]  =  

(1-n-1).



     (A4)

The parameter ( is strictly increasing in n, and it is of order n2.
Consider a sequence of equilibrium prices and volumes from a series of single-period auctions as described above.  The change in the conditional mean of trader valuations, ((, is taken to be a random variable with variance (t.  This variance captures the volatility of any change in fundamental values (changes in () and of changes in the precision of information signals.  From the equilibrium price relationship and the expression for the second moment of volume, it is straightforward to show that the variance of price changes may be written as




,
(A5)

where ( = 2(2(4/(((n-1)) and E[Vt]2 is the expected share volume squared conditional on information available to the traders at time t.  We define the paramater (t in the setting of equation (A5) as base-level volatility in the discussion of section 2 of the text.


The model implies that the ratio of conditional variances of information for two stock series, denoted A and B, can be written as




,
(A6)

where 

.


Let 

 and 

 be functions of the data used to measure the variance of changes in prices of stock series B and A, respectively.  As the variance of information changes, the total variance of price changes also varies with time.  Let

, a simple average of the variance of price changes over time, and let 

, a time varying average of base-level volatility, for j = A and B. Define the average volatility ratio as 

.  The set of sample moment conditions used in estimation by GMM is 




,
(A7)

where the vector of parameters is 

.  

Under very general conditions, it can be shown that 

 ( 0 with probability one.  A similar formulation of asymptotically valid moment conditions appears in the theoretical treatment of Bates and White (1985), for example.  Equations (A7) are consistent with the theoretical model structure, so long as 

almost surely, for example, which holds so long as base-level variances (and their averages) are bounded away from zero and infinity and the z’s obey a law of large numbers.  

GMM estimation using these moment conditions produces a consistent estimate of the average variance ratio, 

, in the sense that 

 as 

 almost surely.
  Further, under the null hypothesis that 

,



,




     (A8)

which allows the use of a Wald statistic to test the null hypothesis of a unitary average variance ratio.
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TABLE 1

Equity Series Represented in the Data

This table contains stock series abbreviations, names of companies, industry classifications, and equity series by company in the sample of stocks traded on the Bolsa Mexicana de Valores, for which shares differentiated by ownership rights were issued over the period 1989-1993 (Panel A) and for which particular series were cross-listed in the United States as American Depository Receipts (Panel B).

Panel A:  Sample of Firms with Foreign Ownership Restrictions



Abbreviation
Company
Industry
Series

BAN
Bancomer
Banking
B,C

CEM
Cemex
Cement
A,B

CIF
Cifra
Retail stores
A,B

FEM
Fomento Economico Mexicano
Food, beverage
A,B

GFB
Grupo Financiero Bacomer
Financial 
B,C

MAS
Grupo Industrial Maseca
Food, beverage
A,B

SID
Grupo Sidek
Holding Co.
A,B






Panel B:  Sample of Firms with ADR Listings


Abbreviation
Company
Industry
Series

CEM
Cemex
Cement
A

CIF
Cifra
Retail stores
B

COM
Controladora Comercial Mex.
Retail stores
B

FEM
Fomento Economico Mexicano
Food, beverage
B

LIV
El Puerto de Liverpool
Commerce
C

MAS
Grupo Industrial Maseca
Food, beverage
A

SAN
Corporacion Industrial San Luis
Holding Co.
A

TEL
Telefonos de Mexico
Communications
A

TTO
Tolmex
Cement
B

VIT
Vitro
Manufacturing
O






TABLE 2 

Price Variance and Trading Volume under Foreign Ownership Restrictions and Across ADR Listings

This table contains summary statistics for stock series listed on the Bolsa Mexicana de Valores for which foreign ownership restrictions were in effect over the period 1990-1993 (Panel A) and for which American Depository Receipts were issued over the same period (Panel B).  All statistics are computed based on daily observations.  “Restricted Variance” denotes an estimate of the variance of price changes, pt - pt-1, for shares, the ownership of which is restricted to domestic nationals; “Unrestricted Variance” refers to the same statistic for shares open to foreign ownership.  The columns with volume statistics have the same interpretation, but for volume in place of price changes.  Similarly, “Prior ADR Variance” denotes an estimate of the variance of price changes over the 200 trading days prior to ADR listing, while “Post ADR Variance” represents the same statistic over the 200 days following the listing.  Volume statistics in Panel B have the same interpretation.  All volume statistics are given in terms of U.S. dollar volume, are stated in millions of dollars, and represent average daily volume.
Panel A:  Sample of Firms with Foreign Ownership Restrictions



Company
Restricted Variance
Restricted Volume
Unrestricted Variance
Unrestricted Volume
Sample Size

BAN
0.125
4.059
0.139
2.966
448

CEM
0.893
4.867
0.820
4.810
598

CIF
0.031
2.552
0.047
5.607
621

FEM
0.019
0.298
0.026
1.018
313

GFB
0.011
2.536
0.015
4.298
322

MAS
0.119
1.895
0.111
2.281
603

SID
0.043
1.003
0.036
0.971
597








Panel B:  Sample of Firms with ADR Listings



Company
Prior ADR Variance
Prior ADR Volume
Post ADR Variance
Post ADR Volume
Sample Size

CEM
0.113
2.180
0.864
5.555
400

CIF
0.009
0.923
0.042
9.999
400

COM
0.004
0.906
0.008
0.892
400

FEM
0.024
0.115
0.163
3.168
400

LIV
0.133
1.189
0.301
4.885
400

MAS
0.149
2.152
0.124
1.881
400

SAN
0.006
0.369
0.005
0.135
400

TEL
0.023
12.04
0.076
11.88
400

TTO
0.098
2.666
0.312
3.831
400

VIT
3.867
7.300
8.930
12.02
400

TABLE 3
Information Variance Ratios and Tests

Panel A of this table contains estimates of (1) the ratio of the variance of price changes of series for which ownership is restricted to domestic nationals relative to series not subject to restrictions on foreign ownership (

); (2) the ratio of the variance of changes in information, net of liquidity and volume effects, of series for which ownership is restricted to domestic nationals relative to series not subject to restrictions on foreign ownership (

); (3) statistical significance levels for a test of the null hypothesis that 

; (4) statistical significance levels for a test of the null hypothesis that 

; and (5) statistical significance levels for a specification test of the underlying market structure model based on overidentifying restrictions  (JT).

Panel B contains the same information, but pertaining to cross-listing by the issuance of American Depository Receipts.  The subscript B in this case indicates the stock series traded on the domestic market, but after ADR listing; the subscript A denotes trading on the domestic exchange prior to ADR listing.
Panel A:  Sample of Firms with Foreign Ownership Restrictions



Company
















BAN
0.984
1.221
0.695
0.691
0.555

CEM
1.061
0.871
0.067
0.572
0.410

CIF
0.827
1.120
0.000
0.837
0.191

FEM
0.603
0.334
0.000
0.000
0.202

GFB
0.883
0.243
0.026
0.003
0.020

MAS
1.06
0.530
0.071
0.150
0.861

SID
1.102
0.923
0.117
0.563
0.926








Panel B:  Sample of Firms with ADR Listings



Company
















CEM
0.127
0.276
0.000
0.000
0.426

CIF
0.219
0.379
0.000
0.007
0.298

COM
0.496
0.515
0.000
0.772
0.312

FEM
0.153
0.447
0.000
0.000
0.016

LIV
0.443
4.829
0.000
0.126
1.000

MAS
1.199
3.972
0.493
0.527
0.989

SAN
1.040
0.148
0.883
0.000
0.666

TEL
0.304
0.048
0.000
0.000
0.996

TTO
0.313
0.291
0.000
0.016
1.000

VIT
0.434
0.128
0.000
0.001
1.000

� We consider ownership restrictions that mandate a limited fraction of total equity in a company to be held by foreigners.  Other types of restrictions are possible in practice; see Eun and Janakiramanan (1986).  We also define cross-listing to be the trading of a stock in at least one foreign market, in addition to the domestic market, including the issuance of American Depository Receipts and Global Depository Receipts.


� Stulz (1981) presents a general model of investment barriers.  Gultekin, Gultekin, and Penati (1989) examine capital controls.  Eun and Janakiramanan (1986), Jorion and Schwartz (1986), Hietala (1989), Errunza and Losq (1985,1989), Bailey and Jagtiani (1994), and Domowitz, Glen, and Madhavan (1997) analyze the impact of particular foreign ownership restrictions.


� This is most common in theoretical models of multi-market trading; see, for example,  Pagano (1989), Chowdry and Nanda (1991), Dow (1995), and Madhavan (1995).


� Freedman (1990) provides a theoretical model of cross-listing.  Chan, Fong, and Stulz (1996) examine intraday price behavior of dually-listed stocks.  Cross-listed Canadian stocks are studied by Jorion and Schwartz (1986) and Foerster and Karolyi (1993), and U.K stocks are studied by Kleidon and Werner (1996).  For U.S. stocks, the impact of cross-listing has been analyzed by Alexander, Eun, and Janakiramanan (1987,1988) and Howe, Madura, and Tucker (1993).  Forster and George (1995) study the pattern of return variances for international cross-listing, while Jayaraman, Shastri, and Tandon (1993) examine the effect of U.S. ADR issuance on domestic stock prices.  See also Kadlec and McConnell (1994), Foerster and Karolyi (1999), Jiang (1998), and Miller (1999).


� Variance ratio analysis of price changes is a common tool for the study of topics related to this paper, including the rate of information flow into prices and the ability of trading mechanisms to reflect information. Examples include French and Roll (1986) and Amihud and Mendelson (1991). The emphasis of research on frictions in trading markets also motivates a methodological literature on the use of variance ratios. See, for example, Lo and MacKinlay (1989), Smith (1994), and Jones and Kaul (1994).


� See Kim and Singal (1993) for discussion and analysis of this issue.


� See Choe, Kho, and Stulz (1998) for references and a case study of the Korean experience.


� Eun and Janakiramanan (1986), table 1,  provide a listing of 16 countries with similar ownership restrictions.  The extent and nature of such restrictions is changing; see IMF (2000).


� Examples include Lessard (1973), Bekaert (1993), Harvey (1995), Claessens, Dasgupta, and Glen (1995).


� See, for example, Madhavan (1992) with respect to the importance of this point.


� See Gooptu (1993), tables 5 and 6.  


� The simplicity of the result entails some costs from the theoretical point of view.  As noted by Blume, Easley, and O’Hara (1994), volume itself may embody information effects, providing an indication of the quality of the information signal in their model.  Volume has no information content here, similar to Grundy and McNichols (1989).  The infinite number of traders in the latter model precludes information from endowments, but results in infinite (per capita) volume.  The finite economy here is indeed driven in part by the volatility of endowments.


� It is common in the financial literature to fully specify a time varying variance parameter; an example is the GARCH process. Our theoretical structure provides no guidelines with respect to an appropriate parameterization, however.  A benefit of the procedure given below is that it avoids any additional problems of misspecification associated with an explicit model of autonomous variance dynamics.


� Candidates include the square and absolute value of price changes, possibly with a correction for a nonzero mean.


� Hall and Horowitz (1996) also show that proper implementation of bootstrap techniques does not ameliorate the situation very much in the case of GMM estimation using time series data.


� Other distinctions, having nothing to do with foreign ownership,  include, for example, differentiation between Mexican individuals and Mexican institutions for companies in the financial sector, so-called fixed versus variable capital, and some series with voting restrictions.


� Series A shares for financial firms incorporate the additional restriction that they be owned only by individual Mexican investors, as opposed to institutions.  Series A shares must constitute at least 51 percent of the firm’s capital.


� Clearance and settlement procedures for the Mexican market, and ADRs in particular, are discussed by Chakravorti (1998).


� Weekly data are employed in Domowitz, Glen, and Madhavan (1997) to study price premia, increasing the sample size with respect to number of firms examined.  Weekly intervals seem to be too long a span over which one may usefully measure information differences in trading markets, and we limit ourselves to firms for which we have good daily trading data.


� For example, CIF series B was cross-listed, while the A series was not.  Domowitz, Glen, and Madhavan (1998) examine all series for every company for which there was an ADR listing, with respect to liquidity effects in the home market.  We restrict attention to the series that directly experienced a widening of foreign ownership through the ADR listing. We also require 200 trading days before and after the ADR issuance for inclusion in the sample.


� The exception is the case of MAS, for which convergence problems were experienced in estimation using volume alone.  MAS estimates are based on a lag of squared volume and on a lag of squared price changes.


� The series are traded in different venues for which little information is available.  This includes the “pink sheet” OTC market (CIF, COM,  MAS, SAN, TTO) and the 144A private placement market (CEM, FEM), as well as NASDAQ (TEL A) and the NYSE (VIT).  LIV is traded as a Global Depository Receipt.


� The companies are: Grupo Industrial Alfa (A), Quimica Borden (B), Grupo Bursatil Mexicano (C), Corporacion Mexicana de Aviacion (C), Banco Internationale (B), Kimberly Clark de Mexico (A), Multibanco Comermex (B), Banca Serfin (B), Telefonos de Mexico (L) and Tubos de Acero de Mexico (O).  The first eight are not cross-listed.  The L series of Telefonos de Mexico was introduced on the BMV with a concurrent ADR issue on the NYSE in 1991.  Tubos de Acero de Mexico was cross-listed via an ADR on the AMEX in 1962.


� The precise date is inconsequential with respect to the reported results; a variety of breakpoints over the sample period yield the same findings.


� Richards (1996) also notes a general increase in volatility over the sample period, using a different data set for Mexico, although there was no corresponding increase in emerging market volatility more generally.  The rise in Mexican market volatility was accompanied by increases in overall market volume, consistent with the theory and evidence presented here.


� Afin Casa de Bolsa, Operadora de Bolsa, Grupo Financiero Bacomer, Grupo Financiero Invermexico, Multiva Grupo Financiero, Grupo Financiero Probursa, and Grupo Financiero Serfin.


� Nabeya (1951) derived this result.


� For a proof of consistency, see Bates and White (1985) together with Andrew’s (1987) uniform convergence results.  Asymptotic normality follows from Domowitz and White (1982) or Bates and White (1993).
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