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Abstract 

 
Recently international iShares exchange-traded funds (ETFs) have become popular investment 

vehicles for U.S. investors because they represent diversified portfolios of securities that have 

the best qualities of closed and open-end mutual funds. Like closed-end mutual funds, iShares 

ETFs can be traded throughout the day; like open-end mutual funds, they allow for the creation 

and redemption of securities, but have lower expense fees, and are more tax efficient. We 

analyze the price discovery process and information transmission of 24 international iShares 

funds. The international ETF trading in U.S. markets is driven by information released during 

each local market’s trading session and not during the U.S. trading session; iShares have limited 

diversification benefits and reflect all fundamental information from their underlying stocks. 
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1. Introduction 

In recent years, exchange-traded funds, ETFs, have become popular investment vehicles. 

ETFs represent diversified portfolios of securities that have the best qualities of closed and open-

end mutual funds. Like closed-end mutual funds, ETFs can be traded throughout the day, but like 

open-end mutual funds, they allow for the creation and redemption of securities.1 Furthermore, 

ETFs generally have lower expense fees than mutual funds and are also more tax efficient. 

Typically they have fewer security transactions than an actively managed mutual fund and, in 

contrast to open-end mutual funds, trading activity of other investors will not generate 

distributable capital gains. In 2005, investments in ETFs are of the order of $264 billion (McKay, 

2005). 

International iShares ETFs of Barclays Global Investors including Asian, European, and 

American ETFs have grown in popularity because they allow investors to diversify their 

holdings in international markets by using investment vehicles that represent diversified baskets 

of international assets, which can be traded in U.S. markets in dollars. U.S. investors who are 

interested in purchasing stocks of international companies can purchase ETFs rather than 

worrying about trading in local currencies through overnight markets and holding undiversified 

positions in international stocks. 

Previous work on investment funds includes Bonser-Neal, Brauer, Neal, and Wheatley 

(1990), Bodurtha, Kim, and Lee (1995), Pontiff (1997), Klibanoff, Lamont, and Wizman (1998), 

Olienyk, Schweback, and Zumwalt (1999), Patro (2001), Pennathur, Delcoure, and Anderson 

(2002), and Gasbarro, Johnson, and Zumwalt (2003). This work has mainly focused on the 
                                                 
1 For a detailed description on ETF share creation and redemption consult Chamberlain and  
 
Jordan (2005). 
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relationship between closed-end funds and NAVs and between ETFs and closed-end funds. Our 

study adds to previous work by analyzing the informational efficiency and price discovery 

between a broad sample of ETFs and their underlying assets. 

We study 24 international iShares funds traded in the U.S. from January 2002 through 

December 2004. The underlying securities of the ETFs are traded in locals markets around the 

world. We find that based on U.S. Eastern Time (EST), the daytime return variance for Asian 

countries’ ETFs is on average 62% of the overnight variance. For the European region ETFs the 

daytime return variance is 77% of the overnight variance, while for the American region ETFs 

the daytime variance is almost two times the overnight variance. Important information is 

released during the local trading hours; therefore volatility during the local trading hours will be 

greater than during the local market’s non-trading hours. The volatility difference between U.S. 

daytime and U.S. overnight returns is due to the release of information in the local markets. 

When comparing trade price and net asset value (NAV) variance, we find that price 

variance is greater than NAV variance. The results (most significant for the Asian ETFs) show 

that there is more noise trading in ETFs than in the underlying stock markets. We also find that 

iShares are highly correlated with U.S. markets, indicating that international diversification 

benefits are limited for U.S. investors. In addition, we find that prices have a one to one 

relationship with NAVs, suggesting that prices reflect all fundamental information in the 

underlying assets. Finally, we show that both prices and NAVs contribute significantly to the 

price discovery process. 

 The rest of this paper is organized as follows: Section 2 gives a brief overview of 

research on information transmission, efficiency, and diversification benefits of international 
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investments; Section 3 describes the characteristics of the data used in the current analysis; 

Section 4 presents the main results and Section 5 concludes. 

 

2. Literature Review 

There is a vast amount of literature on the information transmission and efficiency of 

international investments. Pontiff (1997) studies volatility of closed-end fund prices vs. NAV 

volatility, concluding that monthly fund prices present, on average, a higher variance than do the 

funds’ respective NAVs. He attributes the higher price variance to noise trading. Klibanoff, 

Lamont, and Wizman (1988) study prices and net asset values on 39 single country closed-end 

funds that are listed and traded in U.S. markets. They conclude that price returns are not 

efficient, since they incorporate, on average, only about 60% of NAV return information. Price 

returns do not incorporate 100% of their fundamental value. Using a cointegration analysis, 

Gasbarro, Johnson, and Zumwalt (2003) show that closed-end fund discounts are mean-

reverting, and excess returns exist when the reversions are caused by share price changes.  

Tse, Lee, and Booth (1988) study the information transmission in three Eurodollar futures 

markets: the International Monetary Market (IMM), the London International Financial Futures 

Exchange (LIFFE), and the Singapore International Monetary Exchange (SIMEX). They find 

that no single market is the main source of information; each market in turn drives the 

information flow, forming a single market where the Eurodollar futures contract is traded round 

the clock. Xu and Fung (2002) analyze price and volatility information flow of China-backed 

stock cross-listed in Hong Kong and New York. They find that there is significant information 

feedback between these two markets.  
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Studies that analyze diversification benefits of international investments include Bonser-

Neal, Brauer, Neal, and Wheatley (1990), Patro (2001), Olienyk, Schweback, and Zumwalt 

(1999), Pennathur, Delcoure, and Anderson (2002), Bodurtha, Kim, and Lee (1995), Froot and 

Dabora (1999), and Chan, Hameed, and Lau (2003). Overall these studies explain that 

diversification benefits are limited. 

 Bonser-Neal et al. (1990) and Patro (2001) analyze the premium differential between 

closed-end fund prices and NAVs. They find that international markets become more integrated 

as international investment restrictions are dropped. Olienyk et al. (1999) analyze the long-term 

relationship between eighteen World Equity Benchmark Shares (WEBS) and their related 

closed-end country funds. They find a long-run relationship between the WEBS and the related 

closed-end country funds as well as between different country WEBS, suggesting that 

international diversification benefits are limited. Pennathur et al. (2002) also support the 

conclusion that ETFs and closed-end funds provide limited diversification benefits. 
Bodurtha, Kim, and Lee (1995), Froot and Dabora (1999), and Chan, Hameed, and Lau 

(2003) attribute the elevated correlation found between foreign investments and the market in 

which they trade to the location of trade. These studies explain the difference between the funds’ 

local trading values and prices in foreign markets through investor sentiment specific to the 

country in which the securities are traded. Prices of these securities in the foreign market will 

tend to move together, based on investor sentiment in the foreign market in which they are 

traded. 

Previous work on investment funds has mainly focused on the relationship between 

closed-end funds and NAVs and between ETFs and closed-end funds. Our study adds to 

previous work by analyzing the efficiency and information transmission between a broad sample 
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of ETFs and their underlying assets. We compare prices and NAVs and daytime and overnight 

variances. We also examine the price discovery contribution of these securities’ underlying 

assets and their market prices, and their potential diversification benefits. 

 

3. Data Description 

iShares are exchange traded funds (ETFs) that represent diversified portfolios which track a 

specific market index or group of market indexes. They trade like closed-end funds because they 

can be bought and sold throughout the day, but in contrast to closed-end funds, allow for the 

creation and redemption of fund shares as needed. Currently they are listed on the American 

Stock Exchange (AMEX) and are also traded on NYSE, NASDAQ, and regional exchanges, 

with the AMEX having the largest market share. 

iShares were originally created by Barclays Global Investors in March 1996 under the name 

of World Equity Benchmark Shares (WEBS). iShares are convenient investment tools because 

they can be traded like a stock, with stops, limits, short sales, etc. but with the added advantage 

that they represent diversified portfolios of securities. Unlike closed-end funds iShares will 

typically not trade at a high premium or discount because the creation and redemption of shares 

keeps the trade price closer to their net asset value. For example, when an investor purchases 

ETF shares the trade is directed to an exchange where the ETF trades and not to the fund as in 

the case of open-end mutual funds. The market maker in the exchange, authorized to create and 

redeem shares of the ETF, will create or destroy ETF units as needed, by buying and selling 

shares of the underlying assets in the ETF. The creation and redemption of ETF units via a 

market maker are known as in-kind transactions.  This process allows ETFs to trade at a price 

closer to their NAV.  
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Also unlike open-end funds, ETFs do not have front-end load or deferred sales charges. 

Because international index iShares are traded in U.S. markets, they also avoid some of the 

typical problems of international stock investments such as illiquidity, changing exchange rates, 

and trading restrictions. 

In terms of tax legislation iShares are subject to the U.S. tax code. iShares are tracking index 

funds that are subject to the IRS single-issue rule. This means that they cannot hold a single 

position that represents more than 25% of their portfolio. Although they are able to closely track 

country indexes, they will not be able to fully replicate indexes that hold a position of more than 

25% of a single stock. The advantage of iShares over open-end mutual funds is that, in contrast 

to open-end funds, trading activity of other investors in iShares will not cause the fund to create 

distributable capital gains. However it is important to clarify this does not mean ETFs will never 

generate distributable capital gains. Events such as the change in composition of the underlying 

index will generate distributable capital gains for ETF investors. 

For the current analysis we use daily data from two databases. The first data set is 

comprised of the open-and-close bid-and-ask quote prices from the TAQ database. We collect 

prices only from the AMEX, which is the listing exchange and has the highest trading volume. 

To avoid the bid-ask bounce problem, we use mid-quote prices, estimated as the average of the 

bid and ask prices. Nevertheless, all of the results (available upon request) are qualitatively 

unchanged if we use trade prices. For simplicity, ETF prices refer to mid-quotes throughout the 

paper.  

The second data set is comprised of the daily NAV data calculated at the close of the 

local market, from Barclays Global Investors. It is worthwhile mentioning that all iShares prices 
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are expressed in U.S. dollars and NAVs are also expressed in dollars, using the end-of-session 

exchange rate for the local market.   

Our sample includes 24 iShares series from January 2, 2002 to December 31, 2004. The 

iShares series that we analyze include twenty-three different iShares tracking the Morgan Stanley 

Capital International Indexes (MSCI) and one iShares series that tracks the S&P500 index. MSCI 

equity indexes are some of the most widely used equity benchmarks over the last thirty years. 

MSCI country and region indexes capture approximately 85% of the country or region’s 

capitalization. The MSCI index iShares used in the current analysis include 20 country index 

funds and 3 region funds. The 24 data series, grouped by region, are: (1) Asia: Australia, Hong 

Kong, Japan, Malaysia, Singapore, Taiwan, South Korea, as well as the Pacific iShares fund 

series; (2) Europe: Sweden, Germany, Italy, Belgium, Switzerland, Netherlands, Austria, Spain, 

France, and U.K. iShares series and a regional iShares series which represents securities traded 

in the European Union markets; (3) America: Mexico, Brazil, and Canada iShares. Finally, we 

use data on the EAFE index fund which is essentially an all-region iShares fund, comprised of 

stocks from Europe, Australasia and the Far East, and the S&P500 iShares for the United States. 

With the objective of having uniform data, S&P 500 iShares from Barclays were used in the 

analysis. Nevertheless, using S&P’s Depositary Receipts or “SPDRs” instead of S&P500 iShares 

does not change the results in the following sections. 

[INSERT TABLE 1 HERE] 

Table 1 describes the average daily total volume for each iShares series. In terms of daily 

average volume in shares, Japan has the highest overall trading volume, followed by Brazil, the 

EAFE all-region fund, and the United States, represented by the S&P500 iShares. Japan also has 

more than eight times the traded share volume of the next most traded iShares index fund. The 
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lowest iShares volume, measured in shares, tends to be in the European countries. In particular, 

the countries with the lowest average volume are Italy, the Netherlands, and Switzerland. 

Dollar volume is computed by multiplying the share volume per index times the closing 

mid-quote price. The iShares with the highest dollar volume are the EAFE index iShares, 

followed by S&P500 iShares, and then the Japanese iShares. The EAFE and U.S. iShares also 

have the highest average price. The market having the highest market capitalization value is the 

United States, followed by Japan and the U.K. Countries with the lowest dollar capitalization 

values are Austria, Mexico, and Malaysia. The U.S. and Japan are the countries with both the 

highest capitalization and the highest volume traded. This indicates a positive relationship 

between market capitalization and volume.  

 

4. Empirical Results 

4.1 Variance Analysis 

We estimate the daily variances of both daytime and overnight returns. Daytime returns 

are the difference between the U.S. market’s closing (PRCt) and opening price (OPPRCt). 

Overnight returns are the difference between the U.S. market’s opening price (OPPRCt) and the 

previous day’s closing price (PRCt-1). To eliminate the bid-ask bounce, we use the average of the 

bid and ask quotes (i.e. mid-quotes). All prices are expressed in log form.  

Daytime returns = log(PRCt) - log(OPPRCt)       (1) 

Overnight returns = log(OPPRCt) - log(PRCt-1)      (2) 
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Most analyses on return variance conclude that the variances of returns are higher during 

trading hours than during non-trading hours.2 Previous work has explained this phenomenon by 

proposing one of three explanations: more public information released, the existence of more 

noise trading during trading hours, or the release of more private information. If volatility is 

driven by noise trading or private information, higher variance results from trading activity, but 

if volatility is related to the release of public information, it is linked to the flow of information 

and not to trading activity. The comparison between daytime and overnight variance in the 

different markets will help us determine whether volatility is derived mainly from public 

information, private information, or noise trading. 

For the Asian and European iShares, if volatility is attributed to the release of public 

information in local markets, overnight return variance will be greater than daytime return 

variance. The reason is that the Asian local overnight hours coincide with the daytime hours of 

the U.S. For American markets, we expect daytime variance to be greater than overnight 

variance because local and U.S. markets have similar trading schedules. If volatility is caused by 

private information or noise trading, then we expect daytime variance for all three regions to be 

greater than overnight variance, because this is when ETFs are traded in the U.S. markets. 

Table 2 presents the variance analysis by region. The daily variance analysis for the 

Asian region shows that the daytime variance for Asian countries’ ETFs is on average 62% of 

overnight variance. In the case of the European region, daytime ETF price variance is also 

smaller than overnight variance. The average daytime return variance represents 77% of 

overnight variance for the countries in this region. In contrast to the Asian and European regions, 

                                                 
2 See Fama (1965), Oldfield and Rogalaski (1980), French and Roll (1986), Barclay et al. 

(1990), Chang et al. (1993), and Chan and Chan (1993) for detailed analysis.  
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for iShares that track American index country funds, daytime return variance is larger than 

overnight return variance for all countries in the region with an average ratio of 1.87. Based on 

daytime and overnight return variance for all regions, we can conclude that markets are primarily 

driven by public information, released during each local market’s trading session. 

[INSERT TABLE 2 HERE] 

Table 2 also compares NAV return variance to price variance. We estimate average daily 

price volatility using close to close returns (DPRCt), estimated as the difference between the U.S. 

market’s closing price and the previous day’s closing price in the U.S. Average daily NAV 

volatility is estimated using NAV returns, (DNAV t), computed as the difference between the 

local markets’s closing NAV and the local market’s previous NAV. Net asset values are 

expressed in dollars, using the exchange rate available at each local market’s closing schedule. 

Both prices (or midquotes) and NAVs are expressed in log form. 

DPRCt = log(PRCt) - log(PRCt-1)        (3) 

DNAV t = log(NAVt) – log(NAVt-1)        (4) 

Pontiff (1997) analyzes volatility of closed-end fund prices vs. their NAV volatility from 

July 1965 to December 1985. He finds that monthly fund prices have a 64% greater variance 

than their fund’s respective NAV variance, attributing excess volatility to noise trading. 

We perform the same analysis as Pontiff (1997), using our sample data. Table 2 shows 

that Asia, Europe, and America all have higher price variance than NAV variance. The higher 

variance by price vs. NAV, found in all regions except the U.S., is consistent with Pontiff (1997), 

where prices are more volatile than NAVs, which represent fundamental values. The greater the 

difference between price variance and the local market’s NAV variance, the more noise trading 

is involved in the trading of that country or regional ETF in U.S. markets.    
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The ratio of price to NAV variance is considerably higher in Asian markets than it is in 

European and American markets, indicating the existence of more noise trading in Asian iShares. 

One possibility for this finding is that U.S. investors speculate more in Asian markets than they 

do in European or American markets. When comparing price and NAV variance, we find that, 

for the Asian region, close-to-close price variance is approximately 1.47 times NAV variance. 

Furthermore, with the exception of France and Germany, closing price variance is also greater 

than NAV variance for the European region. For the European region, the average price variance 

is 1.10 times the average NAV variance, while for the American region the average price 

variance is 1.15 times the average NAV variance. For the U.S., average price and NAV variance 

are approximately the same. 

Table 2 also shows the average daily premium for each iShares series. The daily premium 

is estimated as the difference between the closing price of the U.S. market and the NAV of the 

local market, computed at the same day’s close. Closing price and NAV are computed in log 

form. 

PREMt = log(PRCt) – log(NAVt)        (5) 

The average premium for the Asian region iShares, represented as the difference between 

trade prices and NAVs, is 0.20%, while the average premiums for European and American 

country iShares are 0.15% and 0.04%, respectively.  Thus, the premiums are economically small 

in all regions. 

Comparatively Klibanoff, Lamont, and Wizman (1998) find an average premium of 

- 3.27%. The difference between the magnitude of premiums in that study and ours is due to the 

difference in instruments analyzed. Klibanoff et al. analyze closed-end funds for which shares 

cannot be created or destroyed, while in the current study we analyze ETFs, which allow for the 
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creation and redemption of shares. This reduces the possibility of having a large and persistent 

difference between the ETF’s trade price and its NAV. Barclays Global Investors report that 

creation and redemption of ETF shares takes place at prices that are based on the next NAV 

estimation after the order has been placed (Chamberlain and Jordan, 2005). This limits the 

persistence of premiums or discounts between ETF trade prices and their NAVs. It is important 

to point out, that if we consider transaction costs, we do not expect to find any arbitrage profits. 

 

4.2 Correlation Analysis 

We examine the daily correlation between the U.S. iShares, represented by the S&P500 

iShares (IVV), and international iShares. The average daily correlation between U.S. iShares 

prices and those of the Asian region is 0.51, while the average correlations between U.S. iShares 

and the European and American region iShares are 0.65 and 0.52, respectively. This high level of 

correlation could be attributed to location of trade or to market integration. In either case, high 

correlation between U.S. iShares and international iShares indicates that diversification benefits 

from these investments are limited.  

Bodurtha, Kim, and Lee (1995), Froot and Dabora (1999), and Chan, Hameed, and Lau 

(2003) find that trade prices could be influenced by location of trade, presenting a high 

correlation with the U.S. market. Consistent with Bonser-Neal, Brauer, Neal, and Wheatley 

(1990), Patro (2001), Olienyk, Schweback, and Zumwalt (1999) and Pennathur, Delcoure, and 

Anderson (2002), the more world markets are integrated, the higher the correlation between 

international and U.S. iShares, and the lower the benefit derived from diversification. 
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4.3 Reaction of Prices to Net Asset Values 

Klibanoff, Lamont, and Wizman (1998) analyze price and net asset value data on 39 

single country closed-end funds traded and listed in the United States from January 1986 to 

March 1994. They argue that NAV is a more accurate measure of fundamental value than prices, 

and that current prices do not fully reflect all fundamental information. To test their hypothesis 

they regress price returns on NAV returns and a one period lagged premium, which represents 

the dynamic adjustment of prices to asset values: 

DPRCt= a + b1DNAV t + b2PREMt-1 + et        (6) 

 Like Klibanoff et al. (1998), we also include lagged price returns and lagged NAV 

returns as additional explanatory variables in the regressions. These lagged terms are generally 

insignificant and, for brevity, are not reported.3 

The objective of these regressions is to test whether price returns reflect all NAV 

information.  The main hypothesis we test is the following: 

Ho: 1b =1          prices fully reflect the assets’ true value or NAV 

Ha: 1b 1¹          prices do not fully reflect the assets’ true value or NAV   

 For their sample and time period of analysis, Klibanoff et al. (1998) find that the 

coefficient for NAV returns (b1) has a value between 0.50 and 0.66. This shows that price returns 

are not efficient because they only incorporate only about half of fundamental value information 

that is impounded in net asset values. These coefficients are significantly different from one. The 

coefficient of the one period lagged premium (b2) is -0.06.  

[INSERT TABLE 3 HERE] 

                                                 
3 Adjusting returns by dividend and capital gains distributions in the manner of Klibanoff et  
 
al. (1998) does not change our results. 
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Following the Klibanoff et al. (1998) analysis, our Table 3 shows the regression of price 

returns on net asset value returns and a one-period lagged premium, measured as the difference 

between trade price and NAV of each respective fund. Our regression results show that price 

returns reflect all NAV information. For most of the ETFs in our sample, we cannot reject the 

null hypothesis of b1=1, which means that the coefficient of NAV returns, b1, is not different 

from one. The means are 0.98 for Asia, 0.97 for Europe, and 0.96 for America.  Even in the cases 

for which the coefficient of NAV returns is statistically different from one, it is still close to one, 

ranging from 0.83 to 1.08.  

Our results indicate that, contrary to Klibanoff et al. (1998), NAV returns have a one to 

one relationship with price returns supporting the hypothesis that prices are efficient and reflect 

the true value of the underlying assets. We also find that lagged premiums help predict price 

returns. These coefficients, b2, are negative and significant for all ETF series in our sample. 

Their averages are -0.31 (Asia), -0.58 (Europe), and -0.28 (America), which are remarkably 

different from that in Klibanoff et al. (1998).  

The different results between Klibanoff et al. (1998) and our study can be explained by 

the financial instruments tested. In our study, we analyze ETFs, which are securities that allow 

for creation and redemption of shares as needed. In contrast to our study, Klibanoff et al. (1998) 

analyze a sample of closed-end mutual funds for which additional shares cannot be created or 

redeemed. In this case, the market cannot fully adjust the difference between NAV and prices, 

and the lagged premium coefficients, although significant, make a considerably smaller 

contribution to current price returns. Gasbarro, Johnson, and Zumwalt (2003) further show that 
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closed-end fund discounts are mean-reverting and use cointegration techniques to examine the 

mean revision tendencies. 

 

4.4 Price Discovery 

The objective of this section is to analyze how much information prices and NAVs 

contribute to the price discovery process for each iShares. We analyze the contribution to price 

discovery using the Hasbrouck (1995) information share (IS) model. Price discovery contribution 

is obtained using the closing iShares prices from the U.S. market and the NAV for each country 

and regional iShares index at the time of the local market close. 

The IS model is estimated using a vector error correction model (VECM), of the 

following form for the two cointegrated time series used in this analysis: 
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where PREMt-1 is the error correction term, a describes the speed of adjustment, and te  is the 

zero mean and serially uncorrelated innovation with covariance matrix W. 

The Hasbrouck (1995) IS model focuses on measuring the information shares, or 

permanent impact (common factor), of new information on stock prices by obtaining the 

contribution of variance of the common factor’s innovations to the common factor’s total 

variance. If the innovations’ covariance matrix (W) is diagonal, the information shares can be 

represented as: 
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W
= NP              (10) 

where SP represents the information share for the ETF price, SN represents the 

information share for the NAV, and a = a = a = a = (aP, aN) is the vector of the speed of adjustments. The 

numerator of each information share represents the variance contribution of each market (PRC or 

NAV) to the common factor, and the denominator represents the total variance of the common 

factor.  

When the innovations are correlated, the innovations’ covariance matrix W will not be a 

diagonal matrix. In this case, information shares are not exactly identified. To obtain each 

market’s contribution to price discovery (SP and SN), it is necessary to get rid of 

contemporaneous correlations between these innovations. The IS model accounts for the error 

correlation structure by using a Cholesky factorization of the covariance matrix, such that: 

W = FF�           (11) 

where F is a lower triangular matrix in which the innovations are correlated with the 

following innovations, but not with the preceding innovations. In this case the ordering of the 

variables in the factorization of the covariance matrix will play an important role in determining 

each variable’s contribution to price discovery. The largest (smallest) information share for a 

particular market will take place when that market’s innovation variance is the first (last) in the 

sequence.  

 In the case where contemporaneous error correlations exist, Hasbrouck (1995) suggests 

obtaining the values of the upper and lower bounds of market information share for each market. 

In Table 4 we report the average of the upper and lower bound information shares, similar to 

other studies on price discovery such as Baillie et al. (2002) and Hendershott and Jones (2005).  

[INSERT TABLE 4 HERE] 
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In this analysis, we compare the price discovery contribution of the iShares ETF closing 

prices and local market NAVs. If the U.S. ETF market is efficient, ETF closing prices will have 

a higher information share than will the closing net asset values from their respective local 

markets. Table 4 presents the average of the upper and lower bounds of the information 

contribution of the NAV and closing price for each iShares series, using the Hasbrouck (1995) 

model. The results support the hypothesis of ETF price efficiency. Prices contribute more than 

50% of the price discovery information while NAV contributes the remainder, except in the case 

of Belgium and Canada, where ETF prices contribute approximately 48% of price discovery. 

Results in Tables 3 and 4 both indicate that trade prices efficiently reflect fundamental 

information.  

[INSERT FIGURE 1 HERE] 

Due to the time difference between the U.S. and the different local markets, the ETF 

closing price can incorporate more information than the local market’s NAV because the U.S. 

market closes at a later time during the day than do the local markets for most countries in our 

sample. The greater the difference in daily trading time periods, the more price discovery is 

contributed by ETF closing prices and the less price discovery is added by local market NAVs 

(see Figure 1). For the Asian region, trade prices contribute approximately 66% of information 

while NAVs contribute 34%. For countries in the European region, prices contribute, on average, 

57% of the information and NAV the remainder. ETF prices for countries in the American region 

have a mean contribution of 54% and net asset values contribute 46% of the information.  
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5. Conclusion 

International iShares ETFs are not only convenient but also efficient investment vehicles 

for U.S. investors. Like closed-end funds, they represent shares of diversified portfolios for 

which we can obtain continuous price information during the market’s trading session but unlike 

closed-end funds iShares typically do not trade at a high premium or discount because the 

creation and redemption of shares through in-kind transactions keeps the trade price closer to 

their net asset value. Similar to open-end funds, they allow for the creation and destruction of 

additional shares but do not present the front-end load fees or deferred sales charges that are 

typical of open-end funds. Nevertheless, international iShares funds have a high correlation with 

U.S. markets, resulting in limited diversification benefits.  

 Analyzing the price volatility of international iShares and using U.S. Eastern Time as a 

reference point, we find that the Asian and European ETFs have lower daytime variance than 

overnight variance, while the American ETFs have higher daytime volatility than overnight 

volatility. These results indicate that prices are mainly driven by information released during 

each local market’s trading session. We perform the analysis of Pontiff (1997) and observe that 

international ETFs have higher price variance than NAV variance in all regions, suggesting more 

noise trading in the ETF markets than in the underlying local markets.  

 iShares funds are efficient investment vehicles. We analyze the relationship between 

prices and NAVs, in the manner of Klibanoff et al. (1998), and find that there is a one to one 

correspondence, indicating that ETF prices reflect all NAV information. Efficiency of these 

assets is further supported by our price discovery analysis. The Hasbrouck (1995) information 

share model shows that the iShares prices contribute significantly to the price discovery process 
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with the NAVs. The overall results indicate that international iShares efficiently reflect 

fundamental information from their underlying stocks.  
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Figure 1 
Trading Schedules for Countries Around the World based on New York Time 

Country 18:00 19:00 20:00 21:00 22:00 23:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

Australia 10:00 16:00
Hong Kong 10-12:30 14:30-16:00

Japan 9-11:00 12:30-15:00
Malaysia 9-12:30 14:30-17:00

Singapore 9-12:30 14:00-17:00
Taiwan 9:00 13:30

S. Korea 9:00 15:00

Sweden 9:30 17:30
Germany 9:00 17:30

Italy 9:30 17:30
Belgium 9:00 17:00

Switzerland 9:00 17:00
Netherlands 9:00 17:30

Austria 9:15 17:30
Spain 9:00 17:30
France 9:00 17:35

U.K. 8:30 16:30

Mexico 8:30 15:00
Brazil 11:00 18:00

Canada 9:30 16:00
U.S. 9:30 16:00

Local Time
Sunday Monday

  EST Time

 
Sources: http://www.wsj.com and http:// www.world-exchanges.org. 
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Table 1 
Average Daily Volume and Market Capitalization 2002 – 2004 

Ticker Country/ Price $ Mkt. Cap.
Symbol Region Mean Median Std. Dev. Mean Median Std. Dev. Mean in million 

dollars

EFA EAFE 481.29 378.10 744.60 60.13 46.01 94.50 119.88

 Asia
EPP Pacific 49.40 31.10 61.70 3.45 2.00 4.53 59.87
EWA Australia 99.54 43.90 208.20 1.29 0.50 2.71 10.99 776,403
EWH Hong Kong 407.05 263.85 508.60 3.97 2.45 5.20 9.29 861,463
EWJ Japan 4105.11 3109.10 4122.80 37.65 27.77 40.04 8.44 3,557,674
EWM Malaysia 236.35 120.60 328.60 1.53 0.73 2.20 6.00 181,624
EWS Singapore 139.27 73.10 202.30 0.82 0.42 1.22 5.53 217,618
EWT Taiwan 383.59 231.80 495.70 4.16 2.44 5.70 10.64 441,436
EWY S. Korea 182.43 122.35 210.50 4.30 2.74 5.43 22.50 389,473

 Europe
EZU Europe 45.93 28.20 63.00 2.54 1.49 3.71 53.72
EWD Sweden 25.99 10.45 74.70 0.37 0.14 0.83 13.04 376,781
EWG Germany 103.79 64.20 150.60 1.44 0.82 2.17 14.30 1,194,517
EWI Italy 16.00 7.10 39.50 0.29 0.12 0.64 17.20 789,563
EWK Belgium 27.36 6.70 94.20 0.35 0.08 1.03 11.74 280,432
EWL Switzerland 18.42 11.35 21.30 0.25 0.15 0.29 13.04 826,041
EWN Netherlands 18.19 5.40 94.20 0.26 0.08 1.14 15.62 552,828
EWO Austria 44.27 17.00 74.70 0.68 0.17 1.21 10.84 87,776
EWP Spain 20.36 6.40 85.40 0.49 0.14 1.66 22.54 940,673
EWQ France 24.76 13.70 45.30 0.44 0.25 0.83 18.04 1,608,001
EWU U.K. 184.95 99.80 466.70 2.55 1.41 5.52 14.23 2,865,243

America
EWW Mexico 208.66 103.30 291.60 3.61 1.69 5.16 15.93 171,940
EWZ Brazil 499.36 278.70 738.00 6.94 3.46 10.80 12.70 330,347
EWC Canada 227.67 54.80 750.70 2.66 0.68 8.34 11.75 1,177,518

IVV U.S. 464.31 291.80 595.73 48.01 29.41 59.36 103.43 12,707,578

    Volume in thousand shares      Volume in million dollars

 
Average daily volume using daily data from January 2, 2002 to December 31, 2004. Market capitalization for year-end 
2004. Source of Market capitalization values:   http:// www.world-exchanges.org. 
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Table 2 
Variance Analysis 

Daytime 
return 

variance 

Overnight 
return 

variance 

Daytime 
var./  

Overngt var.

Close-close  
price 

variance

Close-close 
NAV 

variance

Price var./  
NAV var.

Premium 
(%)

EAFE 0.608 0.756 0.804 1.395 1.068 1.306 0.346

Asia  
Pacific 0.383 0.636 0.602 0.989 0.756 1.309 0.666

Australia 0.566 0.767 0.738 1.193 1.016 1.174 0.277
Hong Kong 0.921 1.430 0.644 2.234 1.385 1.613 0.008

Japan 0.589 1.465 0.402 2.267 2.033 1.115 0.232
Malaysia 0.621 0.844 0.735 1.293 0.650 1.990 -0.140
Singapore 1.036 1.211 0.856 2.145 1.253 1.712 0.017
Taiwan 1.767 3.222 0.548 4.975 3.032 1.641 0.383
S. Korea 1.349 3.258 0.414 4.387 3.729 1.177 0.193
   Mean   0.904 1.604 0.617 2.435 1.732 1.466 0.204

   Median 0.771 1.320 0.623 2.189 1.319 1.461 0.213

Europe
Europe 1.107 1.062 1.042 2.320 2.013 1.152 0.244
Sweden 1.309 2.100 0.624 3.264 2.772 1.178 0.268
Germany 1.483 1.572 0.944 2.920 3.122 0.935 -0.038

Italy 0.614 0.877 0.700 1.503 1.417 1.060 -0.029
Belgium 0.783 1.174 0.667 2.098 1.823 1.151 0.162

Switzerland 0.865 1.157 0.747 1.912 1.444 1.324 0.261
Netherlands 0.995 1.444 0.689 2.581 2.451 1.053 0.069

Austria 0.426 0.652 0.653 1.110 0.962 1.154 0.090
Spain 0.793 1.240 0.640 1.948 1.734 1.123 0.055
France 0.946 1.223 0.773 2.230 2.330 0.957 -0.027
U.K. 0.877 0.862 1.018 1.575 1.515 1.040 0.557

   Mean 0.927 1.215 0.773 2.133 1.962 1.103 0.147
   Median 0.877 1.174 0.700 2.098 1.823 1.123 0.090

America
Mexico 1.364 0.605 2.255 2.034 1.726 1.178 -0.065
Brazil 3.618 1.990 1.818 5.402 4.470 1.208 -0.115

Canada 0.772 0.499 1.548 1.103 1.048 1.053 0.294
    Mean 1.918 1.031 1.874 2.846 2.415 1.146 0.038

    Median 1.364 0.605 1.818 2.034 1.726 1.178 -0.065

U.S. 1.168 0.378 3.090 1.465 1.440 1.017 -0.003 
Average values for each iShares series are obtained using daily data from January 2, 2002 to December 31, 2004. 
Daytime returns are estimated as the difference between the U.S. market’s closing and opening price. Daytime returns = 
log(PRCt) - log(OPPRCt). Overnight returns are estimated as the difference between the U.S. market’s opening price and 
the previous day’s closing price. Overnight returns = log(OPPRCt) - log(PRCt-1). Average daily close to close price 
volatility is estimated using price returns, computed as the difference between the U.S. market’s closing price and the 
previous day’s closing price. DPRCt = log(PRCt) - log(PRCt-1). Average daily close to close NAV volatility is estimated 
using NAV returns, computed as the difference between the local market’s closing NAV and the local market’s previous 
day closing NAV.  DNAV t = log(NAVt) – log(NAVt-1). Premium is estimated as the difference between the closing price 
of the U.S. market and the NAV of the local market. PREMt = log(PRCt) – log(NAVt). NAV is converted to dollars at the 
end of the local market’s trading session using exchange rates available at this time. Prices and NAVs are expressed in log 
form.  



 

 

26 

Table 3 
Reaction of Prices to Net Asset Values 

Ho: b1=0 Ho: b1=1 Ho: b2=0

b1 t-stat t-stat b2 t-stat

EAFE 1.087 42.85 3.43 -0.428 -5.50

Asia
Pacific 0.958 22.09 -0.97 -0.256 -5.07

Australia 0.904 21.29 -2.26 -0.273 -3.86
Hong Kong 1.025 28.08 0.68 -0.283 -4.14

Japan 0.949 34.25 -1.84 -0.718 -7.71
Malaysia 0.997 23.06 -0.07 -0.140 -5.33
Singapore 0.993 26.12 -0.18 -0.157 -4.04
Taiwan 1.084 28.51 2.21 -0.229 -4.68
S. Korea 0.948 34.47 -1.89 -0.388 -5.51
   Mean 0.982 27.23 -0.50 -0.305 -5.04

   Median 0.976 27.10 -0.67 -0.264 -4.87

Europe 
Europe 1.023 44.47 1.00 -0.712 -7.14
Sweden 0.990 32.22 -0.33 -0.645 -6.09
Germany 0.922 51.64 -4.37 -0.618 -6.61

Italy 0.951 51.29 -2.64 -0.801 -8.65
Belgium 0.998 42.08 -0.08 -0.336 -4.77

Switzerland 0.998 36.17 -0.07 -0.393 -5.01
Netherlands 0.995 48.18 -0.24 -0.697 -5.77

Austria 0.888 30.47 -3.84 -0.230 -5.19
Spain 0.993 42.49 -0.30 -0.853 -6.09
France 0.979 59.47 -1.28 -0.739 -8.10
U.K. 0.953 33.55 -1.65 -0.335 -5.06

   Mean 0.972 42.91 -1.24 -0.578 -6.23
   Median 0.990 42.49 -0.43 -0.645 -6.09

America 
Mexico 0.997 44.88 -0.14 -0.389 -5.89
Brazil 1.066 50.62 3.13 -0.168 -2.51

Canada 0.827 33.24 -6.95 -0.294 -6.00
   Mean 0.963 42.91 -1.65 -0.283 -4.80

   Median 0.997 44.89 -0.14 -0.294 -5.89

U.S. 1.009 399.2 3.56 -0.695 -8.05

Indep. Variables        DNAV t 

Dep. Variable                               DPRCt

PREMt-1

 
The table shows the results for the regression: DPRCt= a + b1DNAV t + b2PREMt-1 + et, where DPRCt is the closing 
price log return at time t; DNAV t is the NAV log return at time t; PREMt-1 represents the log difference between 
the closing price and NAV at t-1, and et is the error term. The total number of observations is 756.   
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Table 4 
Price Discovery 

PRCt NAV t PRCt NAV t PRCt NAV t

Asia Europe America
Pacific 0.615 0.385 Europe 0.577 0.423 Mexico 0.525 0.475

Australia 0.727 0.273 Sweden 0.567 0.433 Brazil 0.633 0.367
Hong Kong 0.699 0.301 Germany 0.587 0.413 Canada 0.475 0.535

Japan 0.641 0.359 Italy 0.551 0.449    Mean 0.544 0.456
Malaysia 0.605 0.395 Belgium 0.482 0.518    Median 0.525 0.475
Singapore 0.615 0.385 Switzerland 0.523 0.477
Taiwan 0.646 0.354 Netherlands 0.526 0.474 U.S. 0.502 0.498
S. Korea 0.710 0.291 Austria 0.651 0.349
  Mean 0.657 0.343 Spain 0.595 0.405

  Median 0.643 0.357 France 0.596 0.404
U.K. 0.639 0.361

EAFE 0.596 0.404    Mean 0.572 0.428
   Median 0.577 0.423

Information Shares Information Shares Information Shares

 
The table reports the average of the upper and lower bounds of the information shares of the Hasbrouck (1995) 
information share model, using daily mid-quote closing prices during the AMEX’s trading schedule, and net asset values 
obtained at the close of the local market’s trading session. 


