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Returns in Trading versus Non-Trading Hours:

The Difference is Day and Night

Abstract

Market efficiency implies that the risk-adjusted returns from holding stocks during regular trading hours should be indistinguishable from the risk-adjusted returns from holding stocks outside those hours. We find evidence to the contrary. We use broad-based index exchange-traded funds (ETFs) for our analysis and the Sharpe Ratio to compare returns. The magnitude of this effect is startling. For example, the geometric average close-to-open risk premium (return minus the risk-free rate) of the QQQQ from 1999-2006 was +23.7% while the average open-to-close risk premium was -23.3% with lower volatility for the close-to-open risk premium. This result has broad implications for when investors should buy and sell broadly diversified portfolios.

1.
Introduction

Most analyses of stock price returns base those returns upon the closing price of a stock at two dates (“close-to-close” returns). To better measure price volatility, Stoll and Whaley (1990) looked at “open-to-open” returns and found that open-to-open volatility is higher than close-to-close volatility and attribute their result to private information revealed in trading at the open and the actions of specialists. Other authors examining intraday returns have concluded that intraday returns, volatility, and volume display a U-shaped pattern, that weekend returns are lower than weekday returns, and that stock price returns are more volatile when the market is open than when it is closed. Hong and Wang (2000) provide a review of this literature.
We compare the daytime (“open-to-close” or “OC”) and nighttime (“close-to-open” or “CO”) returns for a group of exchange-traded funds (ETFs). ETFs allow investors to trade a basket of stocks in a single transaction. The creation and destruction features of the ETF ensure that prices on the exchange closely reflect the fair value of the underlying security basket. Meziani (2005) provides a detailed discussion of the mechanics and the trading of ETFs.

We look at the open-to-close and close-to-open returns for the DIA (representing the Dow 30), the IWM (representing the Russell 2000), the MDY (representing the S&P 400 Midcap), the QQQQ (representing the Nasdaq 100), and the SPY (representing the S&P 500). We convert these returns into risk premia by subtracted the risk-free rate from the close-to-open returns.
 We use the risk premia to calculate Sharpe Ratios.

The close-to-open Sharpe Ratio consistently exceeds the open-to-close Sharpe Ratio and the close-to-open Sharpe Ratio is positive while the open-to-close Sharpe Ratio is negative, though open-to-close Sharpe Ratios are statistically significant for only two of the five ETFs, using monthly returns. MDY and QQQ are significant at the 5% level, while SPY is significant at the 10% level.

 This result is puzzling given Hasbrouck’s (2003) observation that broad-index ETFs show evidence of diversification of private information which leads to greater liquidity that induces uninformed traders to trade these securities. We would not expect private information to be a driver of these results given that these ETFs represent diversified portfolios, not individual stocks. We show that the liquidity of these ETFs during much of our sample period is considerable and use a 5-minute volume weighted average price so that the prices examined are associated with a significant amount of liquidity.

The results are most striking for the QQQQ. The Sharpe Ratio of daily CO returns is +0.082%, while that of OC returns is -0.046%. The difference between the Sharpe Ratios and each individual Sharpe Ratio is statistically significant at the 5% level.

These Sharpe Ratios appear to be small, but that is expected for daily returns. If we compound the returns to monthly returns, the Sharpe Ratio of monthly CO returns is +0.389%, while that of OC returns is -0.262%. The difference between the Sharpe Ratios and each individual Sharpe Ratio is statistically significant at the 5% level.

We cannot conduct meaningful statistical tests on annual data; however, we provide annualized returns to show that these results are not concentrated in a single year. For the QQQQ, the arithmetic average, annualized open-to-close realized risk premium is ‑20.4% for the years 1999-2006. The average, annualized close-to-open risk premium for the same period is 27.7%. The annualized open-to-close risk premium for the QQQQ is positive for only one of the seven years considered (+8.5% in 2003), while the annualized close-to-open risk premium is positive for all but one of the years (-11.7% in 2001). The annualized close-to-open risk premium for the QQQQ exceeded the annualized open-to-close risk premium for every year from 1999-2006 and by 48.1% on average.

One possible explanation for this behavior is the influence of day traders on the marketplace. Goldberg and Lupercio (2004) estimate that “semi-professional” traders in 2003 accounted for 40% of the volume of shares listed on the NYSE and Nasdaq. Semi-professional traders trade 25 or more times per day. Active traders tend to hold undiversified portfolios and would be expected to fear negative, stock-specific news overnight. Therefore, one potential explanation is that there are a large number of traders liquidating, either fully or partially, their undiversified positions at the end of the day and re-establishing positions in the morning. The traders liquidate their portfolios independently from each other, yet the aggregate effect is to sell the entire market if they tend to hold a near-market portfolio in aggregate. The trades lower open-to-close returns and raise close-to-open returns, especially for indexes like the Nasdaq-100, which contains more volatile stocks.

Another explanation is that these semi-professional traders suffer from the “illusion of control”. During regular trading hours, they are overconfident based upon their ability to trade. Outside of those hours, few trades occur, so they feel less control. If these traders are net long shares, they will sell in aggregate before the market close and re-establish positions the following morning, leading to lower risk-adjusted open-to-close returns versus close-to-open returns.

There are two sets of authors who have recently documented similar results independently from us. Branch and Ma (2007) show that open-to-close returns on individual stocks are negatively correlated with close-to-open returns. They attribute this to manipulation on the part of market makers. Our results, which hold for broad portfolios of stocks and prices near the open and close of the market, contradict this conclusion. Cliff, Cooper, and Gulen (2007) examine S&P 500 stocks, stocks in the Amex Interactive Week Index, and 14 ETFs and report similar results. They conjecture that algorithmic trading may be the source of the effect.
 Although we document similar findings, this paper differs both in methodology and focus from the Cliff, Cooper, and Gulen (2007) study. Some of these differences include our practice of working with risk-adjusted excess returns, while they work with raw returns; we use volume weighted average prices (VWAP) for the five minutes after open and five minutes before close as our opening and closing prices, while they use actual first and last recorded trades as their opening and closing prices; we focus exclusively on ETFs, while they focus primarily on individual stocks; while they speculate on the economic significance of their findings, we answer this question by conducting back-tests of a long-short trading strategy designed to exploit the differences between CO and OC returns incorporating realistic trading costs and find surprising differences across ETFs. Yet ultimately, the fact that our study and Cliff, Cooper, and Gulen (2007) document similar results while using different methodologies suggests that our rather surprising findings are real.
The remainder of the paper is organized as follows. In Section 2, we describe the data and methodologies used in this study. We present and discuss our results in Section 3. In Section 4, we provide some concluding remarks.

2.
Data and Methodology
We obtain open and close prices, volume, dividends, and stock split factors for each ETF from the CRSP US Stock Database. The open price is newly available in 2006 and is available back to 1992. The first ETF, the SPYDERs (ticker: SPY) was listed in 1993. With our liquidity criteria, we only consider data after 1996.

While the Amex is the primary exchange for most of the ETFs, they also actively trade on other exchanges. The primary exchange of the QQQQ shifted to the Nasdaq on December 1, 2004. The primary exchange of the IWM shifted to the NYSE ARCA on October 20, 2006.  Since December 1, 2004, the official closing price of the QQQQ occurs at 4 pm. Nguyen, Van Ness and Van Ness (2006) discuss the distribution of trading of ETFs across exchanges and Broom, Van Ness and Warr (2006) discuss the importance of primary exchange to the location of QQQQ trading activity.

The Amex closes the ETF market at 4:15 pm EST, the same time that the index futures market closes. We want our closing prices to correspond to the general stock market closing time of 4:00 pm EST; therefore, we use the Monthly TAQ database provided by Market Data Division of the NYSE Group to calculate prices at 9:30 am, at 4 pm, and 5-minute volume weighted average prices (VWAPs) at 9:30 am and at 4 pm. The data span from 1994-2006. Our results are strongest using the 5-minute VWAP at the open and close. Since the VWAP is based upon a large dollar volume, we use these prices in all of our analysis.

Open-to-close returns are computed using open and close prices on a given day. No adjustments for dividends and splits are necessary since both prices are from the same day. Close-to-open returns are the total return (including dividends) between the previous day’s close price and the opening price on the day being considered. The QQQQ and IWM split during the period of our analysis, and returns are adjusted for these events.

We prefer to analyze ETF returns to the returns of the stock prices of individual stocks for two reasons. First, an ETF price is the price for the whole portfolio, so we need not worry about asynchronous data problems. Second, these ETFs are highly liquid. In the case of the QQQQ, each 5-minute VWAP includes an average of $79 million of transactions during the test period.

ETF liquidity was poor during most of the mid-1990s and has vastly improved during this decade. To determine which year to start the analysis, the 5th percentile of sorted opening and closing times are computed. Data are not used from years in which the 5th percentile time of the first trade of the day is not in the first ten minutes of the trading day or the 5th percentile time of the last trade before 4 pm is not between 3:50 pm and 4:00 pm. Based upon these criteria, DIA data are used from 1998. IWM data are used from 2001. MDY data are used from 1999. QQQQ data are used from 1999. SPY data are used from 1996. Annual liquidity information for the ETFs is presented in Table 1. The first years satisfying the liquidity constraints are bolded.

We examine several open and close prices from the TAQ database to ensure that the results are not dependent upon spurious trades. First, a “composite” open price is computed by taking the first trade for each ETF for each day, regardless of exchange, from the TAQ data.
 Similarly, the first trade on the American stock exchange for each ETF is taken as the Amex open price for that ETF. We exclude the opening auction price for the Amex, coded as “O” from our calculations because of the complexities of the determination of this price as discussed in Madhavan and Panchapagesan (2002). Finally, a 5-minute volume-weighted average price is computed from the first trade on any exchange for each ETF through the next five minutes to create a VWAP open price for that ETF.

(Insert Table 1 here)

Composite, Amex, and VWAP 4 pm prices also are computed. The composite 4 pm price is the last price regardless of exchange, preceding 4 pm, which is recorded in the TAQ database. The Amex 4 pm price is the last price, preceding 4 pm, which is recorded in the TAQ and occurred on the Amex. The VWAP 4 pm price is the 5-minute volume-weighted average price that includes all trades on any exchange. The time interval for the VWAP is from the time of the last trade, preceding 4 pm, to five minutes earlier.

We present the strongest results, using the 5-minute VWAP. The VWAP prices are based upon a large dollar volume of trades. Table 1 shows liquidity data for each of the ETFs.

Daily total returns are converted to risk premia by subtracting the return on the Federal Funds Effective Rate obtained from FRED (Federal Reserve Economic Data) available at the St. Louis Federal Reserve website. The number of days of interest subtracted from the returns is determined by the difference between the settlement dates since payment for purchases and proceeds from sales are due on settlement date. Lakonishok and Levi (1982) first pointed out the need for this adjustment when examining the “weekend effect”. 

Only the close-to-open returns have the risk-free rate subtracted. The open-to-close returns, which have both transactions in the same day, have the same settlement date. Two offsetting trades with the same settlement date do not require funding; hence the realized open-to-close return is equal to the realized open-to-close risk premium. Figure 1 illustrates the timeline for return for two days in 2005.

(Insert Figure 1 here)

We compute the Sharpe Ratio as Sharpe (1966, 1994) suggests by dividing the average risk premium by the volatility of the risk premium. Some authors use the volatility of realized returns. Sharpe (1994) advocates the use of the volatility of the risk premium. Our choice to use the volatility of the risk premium makes little difference in the results. The Sharpe Ratio shows the amount of risk premium achieved per unit of volatility risk incurred. Sharpe Ratios are best used for comparing diversified portfolios. For undiversified portfolio, the Treynor (1966) measure is more appropriate.

We perform two statistical tests on the Sharpe Ratios. First, we test to see if the close-to-open Sharpe Ratio is greater than the open-to-close Sharpe Ratio. This test tells us whether close-to-open portfolios have earned a superior risk-adjusted return to open-to-close portfolios. Second, we test each Sharpe Ratio to see if we can reject the hypothesis that it is zero. This test tells us whether close-to-open portfolios have earned a positive risk-premium and open-to-close portfolios earn a negative risk premium.

Opdyke (2007) provides the method for both of these tests. His test statistic for a single Sharpe Ratio relies upon the assumptions of ergodic and stationary returns. His test statistic for the difference between two Sharpe Ratios requires iid, but not normality. These tests are a significant advance from Jobson and Korkie’s (1981) method that rely upon iid and normality of returns. Opdyke also corrects the Sharpe Ratio for bias.

To ensure that our Sharpe Ratio estimates are not being influenced by skewness or excess kurtosis in the return series, we also consider conditional daily Sharpe Ratios in which the risk premium is estimated as an AR(p) process and the volatility is estimated using a GARCH(1,1) process with innovations following a standardized skewed Student-t distribution. This GARCH model is sometimes called skew-t-GARCH and was introduced by Hansen (1994). Skew-t-GARCH models are capable of fitting time-series that are both skewed and leptokurtic. (See Appendix A for details of our estimation procedure.) After fitting AR(p)-skew-t-GARCH(1,1) models to each of the ETF return series, we calculate the daily conditional Sharpe Ratio,
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 is the conditional mean of the daily excess return.

By close analogy to the constant volatility case, in the case of GARCH volatility we define the ex post daily Sharpe Ratio,
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, for a given stock as the ratio of the average daily excess return over the square root of average conditional variance. That is,
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is the number of trading days in the sample. Our definitions of daily conditional and ex post daily Sharpe Ratios are similar to definitions used in Whitelaw (1997). 

3.
Results

Tables 2a and 2b show the tests for the Sharpe Ratio for open-to-close (referred to as “OC”) and close-to-open (referred to as “CO”) daily and monthly risk premia. Risk premia are calculated using the 5-minute VWAP at the open and the close. We cannot reject the hypothesis at the 5% level that each of the CO Sharpe Ratios is greater than each of the corresponding OC Sharpe Ratios. Every Sharpe Ratio for CO risk premia is positive and statistically significant at the 5% level, while the Sharpe Ratio for OC risk premia is negative and statistically significant for the QQQQ. For the MDY, the Sharpe Ratio is negative and statistically significant at the 10% using daily data and statistically significant at the 5% level using monthly data. 

The strength of the QQQQ result versus other portfolios is consistent with Miller’s (1989) observation that specialists tend to keep opening prices near the prior closing price. The QQQQ is the only ETF that we examine that is comprised entirely of stocks that do not trade in the specialist system.

Portfolios held outside of normal trading hours earn a superior risk-adjusted return. Investors are earning less of a return premium per unit of volatility risk during the open-to-close period than the close-to-open period. However, close-to-open risk premia exhibit more negative skew and higher kurtosis than open-to-close risk premia. We address the issue of skew and kurtosis in returns by estimating conditional daily Sharpe Ratios in which the risk premium is modeled as an AR(p) process and the volatility is estimated using a GARCH(1,1) process with standardized skewed Student-t distributed innovations. We calculate ex post the daily Sharpe Ratio,
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, using conditional means and variances from these AR(p)-GARCH(1,1) models. Estimates of the ex post daily Sharpe Ratio,
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, for each ETF return series are presented in Table 2c. In each case, ex post daily Sharpe Ratios have the same signs as the standard Sharpe Ratios in Table 2a. 

The test of Opdyke (2007) for the difference of two Sharpe Ratios is still valid for our ex post daily Sharpe Ratios.
 With the exception of IWM CO, each ex post daily Sharpe Ratios is smaller in magnitude than the corresponding standard Sharpe ratio, but only by a statistically insignificant amount. 

Table 3 shows the annualized open-to-close and close-to-open realized risk premium using the 5-minute VWAP. “VWAP OC” is the open-to-close realized risk premium using the 5-minute VWAP prices, while “VWAP CO” is the close-to-open realized risk premium.

While statistical analysis is not meaningful for so few data points, the annualized returns make clear that the effects that we have discussed are not confined to a single year or time period. The CO returns exceed OC returns during the bull market of the late 1990s, during the bear market of 2000-2003, and during the rally from 2003-2006.


The most striking results are for the QQQQ. From 1999-2000, the CO returns indicate that the technology “bubble” occurred at night. But from 2000-2002, OC returns indicate that the technology “crash” occurred during the day. QQQQ was first listed in March 1999. From that date to the end of 2006, the geometric average of the CO return was 23.7% per year. For the OC returns, the average was -23.3% per year. For seven of the eight years, the CO returns were positive, while for seven of the eight years, the OC returns were negative.

(Insert Table 2a, 2b and 2c here)

(Insert Table 3 here)

These results would be even more puzzling if a trading strategy meant to take advantage of the greater Sharpe Ratio for CO returns than OC returns could be shown to be more profitable than a passive buy-and-hold strategy. For instance, consider the QQQQ. The mean CO return for the QQQQ was 9.3 basis points, while the mean OC return for the QQQQ was -8.9 basis points. A long-short strategy could be designed to capture the sum of these means, 18.2 basis points, as follows. At the first close, buy one share of QQQQ. At the following open, sell the long position and short an additional share of QQQQ. At the following close, buy back the short position and buy an additional share of QQQQ. This strategy is repeated daily.

Of course, transactions costs dampen the returns of such a strategy. Therefore, we conduct a rigorous back-test of this long-short strategy incorporating realistic transactions costs, and compare these results with buy-and-hold returns for all five ETFs in our study. During most of this period, the bid-offer of the QQQQ was $0.01. If a trader must pay the full bid-offer spread, the spread is paid four times during the day. Returns from the long (CO) part of the strategy are reduced by the Fed funds rate on settlement day to reflect funding costs, and increased to reflect any dividend distributions. Buy-and-hold returns are simply total returns including dividends. To assess the profitability of the long-short strategy for traders facing different marginal costs, we consider a range of realistic per share transactions costs ($0.005-$0.01 per share), as well as the zero marginal cost case, which is appropriate if the trader works at a member firm of one or more of the exchanges on which these ETFs trade.

The results of our back-test of the long-short strategy are reported in Table 4. The strategy underperforms buy-and-hold for DIA and IWM, even in the case of zero per share transactions costs. For SPY, the strategy generates less than half of a basis point increase in average daily return over buy-and-hold in the zero marginal cost case but underperforms if per share costs are even $0.005. For MDY and QQQQ, positive incremental returns for the strategy are economically significant assuming zero marginal costs, and in the case of QQQQ, remain significant even if per share costs are as much as $0.01. 

However, investors can take advantage of this discrepancy without incurring additional transaction costs. This effect exists for broadly diversified portfolios, so investors should shift the timing of trades that they intend to make anyway. Sales could be conducted at the open while purchases wait for the close. However, mutual funds and institutional money managers typically provide liquidity only at the close; therefore, investors who use these managers are not able to liquidate their portfolios at the open, though the managers of these funds can.

Investors who would be expected to conduct transactions at both the open and the close of the market are day-traders. Goldberg and Lupercio (2004) estimate that “semi-professional” traders in 2003 accounted for 40% of the volume of shares listed on the NYSE and Nasdaq. Anecdotal evidence suggests that these traders typically hold undiversified portfolios.

If these traders perceive that the specific risk of their portfolios is greater during the close-to-open period, they could liquidate part or all of their holdings before the end of the day. If the aggregate of all day-traders’ holding reflects a well-diversified index, like the Nasdaq 100, the greater Sharpe Ratio for CO returns versus OC returns could be explained by the behavior of these traders, who are not looking at risk on a diversified basis but are managing the risk of their concentrated portfolios. This hypothesis is supported by the fact that the result holds most strongly in the QQQQ (which contains more speculative stocks) and least in the DIA (which contains less speculative stocks).

The concept of pattern recognition in the behavioral finance literature provides more support for the desire of short-term traders to liquidate their portfolios at the end of the day. Barberis, Shleifer, and Vishny (1998) posit that people who observe random data will divine patterns from the data even when these patterns are just manifestations of a random walk. Bloomfield and Hales (2002) support this hypothesis with experimental data. If semi-professional traders divine patterns during the trading day, then the stoppage of trading will remove the data that is driving their confidence. If these traders tend to be long stocks, they would tend to sell at the end of the day.

Fenton-O’Creevy, Nicholson, Soane and Willman (2005) run an experiment that shows that institutional investors suffer from an “illusion of control” (though to a lesser extent than MBA students). The illusion of control is “the tendency to act as if chance events are accessible to personal control”. A trader could feel control over his/her portfolio when the market is open since an individual stock position can be liquidated if circumstances change. When the market is closed, the possibility for liquidation is eliminated, or, if there is an after-market, substantially reduced. Therefore, the trader could feel less in control during non-trading hours than during trading hours.

Under these circumstances, the trader is more apt to liquidate as the end of the day nears. If all traders suffer from this bias and traders are net long stocks, prices will tend to be pushed down at the close relative to the open, creating the effect described in this paper.

4.
Conclusion

The risk-adjusted returns of stocks held overnight significantly exceed risk-adjusted returns during regular trading hours. Risk premia tend to be negative during the day (though not necessarily statistically significant) and positive at night. We conjecture that this result is possibly due to the behavior of undiversified active traders. 

This result is useful in a variety of ways. As a test of market efficiency, we compare the risk-adjusted returns of the same broadly diversified portfolios at different times of the day but during the same time period (the late 1990s to 2006). The risk-adjusted returns differ between the day and night. Moreover, when applied to the Nasdaq-100 ETF (QQQQ), a long-short strategy intended to exploit this difference outperforms a passive buy-and-hold strategy over the period 1999-2006, even after incorporating realistic trading costs.
Institutional investors who conduct all trading at closing prices may want to seek to rewrite their contracts to allow for liquidations at open prices. Other investors who trade on a frequent basis, such as hedgers of derivative portfolios, may want to time their trades for better profitability. Finally, if semi-professional investors are liquidating their undiversified portfolios at the end of the day and are causing this effect, the question of why market participants do not take advantage of this behavior remains open.

Appendix A: AR(p)-skew-t-GARCH Estimation Procedure
We begin by estimating the conditional mean of the daily excess return as an AR(p) process (with a constant) where the order, p, is chosen as follows. We start with p=1, estimate an AR(1) model and then perform a Lagrange multiplier (LM) test for the presence of autocorrelation in five lags of the residuals. Under the null of no serial correlation, the test statistic is asymptotically distributed chi squared with five degrees of freedom. If the null of no serial correlation is rejected for any of the five lags, we then increase p by one, fit an AR(p) model, and perform LM tests for autocorrelation in the residuals. The order is chosen to be the smallest p for which autocorrelation is rejected at the 5% level in all five lags. We then estimate a skew-t-GARCH(1,1) model for the conditional variance of the AR(p) residuals. Specifically, if 
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Table 1

ETF Trade Time and Liquidity
This table presents average and 5th percentile trade times, average VWAP, and average volumes for daily open and close by year for five EFTs. First liquid year is in bold. All prices and volumes are split-adjusted.


Avg Time
Last pre-4pm
Avg
Avg Vol
Avg Vol
5th %ile 1st 
5th %ile 4pm

Ticker
Year
First Trade
Trade
Close
Open VWAP
4pm VWAP
Trade Time
Trade Time

DIA
1998
9:31:49 AM
3:58:06 PM
86.75
38,027
19,293
9:34:13 AM
3:58:09 PM

DIA
1999
9:32:52 AM
3:58:05 PM
104.83
51,021
22,615
9:35:05 AM
3:57:52 PM

DIA
2000
9:33:04 AM
3:58:22 PM
107.37
73,632
34,533
9:35:33 AM
3:58:52 PM

DIA
2001
9:31:20 AM
3:57:53 PM
102.16
123,326
70,794
9:33:40 AM
3:59:34 PM

DIA
2002
9:30:45 AM
3:58:13 PM
92.26
223,372
134,792
9:31:12 AM
3:59:50 PM

DIA
2003
9:30:11 AM
3:57:28 PM
90.22
214,079
147,194
9:30:31 AM
3:59:52 PM

DIA
2004
9:30:14 AM
3:59:18 PM
103.32
170,046
168,955
9:30:42 AM
3:59:50 PM

DIA
2005
9:30:08 AM
3:59:15 PM
105.45
153,420
168,783
9:30:27 AM
3:59:49 PM

DIA
2006
9:30:06 AM
3:58:39 PM
114.07
174,201
141,542
9:30:17 AM
3:59:53 PM

IWM
2000
9:37:46 AM
3:50:15 PM
50.09
10,409
15,909
9:54:14 AM
3:36:27 PM

IWM
2001
9:32:50 AM
3:56:31 PM
46.78
21,160
24,956
9:36:23 AM
3:54:52 PM

IWM
2002
9:32:17 AM
3:57:32 PM
43.38
47,157
76,388
9:34:27 AM
3:57:59 PM

IWM
2003
9:30:41 AM
3:57:04 PM
45.04
116,503
115,777
9:31:57 AM
3:58:42 PM

IWM
2004
9:30:15 AM
3:59:27 PM
57.79
384,913
320,140
9:30:43 AM
3:59:46 PM

IWM
2005
9:30:08 AM
3:59:17 PM
63.75
529,852
646,279
9:30:28 AM
3:59:55 PM

IWM
2006
9:30:03 AM
3:58:41 PM
73.06
1,010,124
1,128,349
9:30:09 AM
3:59:57 PM

MDY
1995
9:53:49 AM
3:11:09 PM
41.52
1,760
4,625
11:29:33 AM
12:35:46 PM

MDY
1996
9:42:15 AM
3:28:16 PM
46.68
4,074
4,707
10:38:47 AM
1:52:45 PM

MDY
1997
9:33:22 AM
3:50:19 PM
57.23
9,383
4,285
9:38:43 AM
3:25:21 PM

MDY
1998
9:32:37 AM
3:55:32 PM
66.45
20,620
14,009
9:36:41 AM
3:45:58 PM

MDY
1999
9:31:35 AM
3:57:25 PM
74.38
36,340
24,346
9:33:23 AM
3:55:51 PM

MDY
2000
9:33:38 AM
3:57:48 PM
90.03
42,321
28,285
9:37:08 AM
3:56:50 PM

MDY
2001
9:32:55 AM
3:57:38 PM
90.19
40,229
25,595
9:36:00 AM
3:58:33 PM

MDY
2002
9:33:00 AM
3:57:35 PM
87.03
43,321
30,979
9:35:25 AM
3:58:24 PM

MDY
2003
9:31:21 AM
3:56:56 PM
88.39
34,051
24,012
9:33:21 AM
3:58:04 PM

MDY
2004
9:30:41 AM
3:59:08 PM
109.50
36,686
30,734
9:31:41 AM
3:59:14 PM

MDY
2005
9:30:21 AM
3:59:10 PM
125.43
46,348
49,775
9:30:50 AM
3:59:24 PM

MDY
2006
9:30:12 AM
3:58:36 PM
140.78
58,620
78,354
9:30:42 AM
3:59:43 PM

QQQQ
1999
9:31:19 AM
3:58:23 PM
61.08
683,338
289,335
9:32:28 AM
3:59:38 PM

QQQQ
2000
9:30:43 AM
3:59:06 PM
89.84
1,254,561
688,275
9:31:28 AM
3:59:55 PM

QQQQ
2001
9:30:08 AM
3:58:00 PM
43.60
2,160,560
1,379,671
9:30:18 AM
3:59:58 PM

QQQQ
2002
9:30:25 AM
3:58:39 PM
29.03
2,569,639
1,737,837
9:30:08 AM
3:59:59 PM

QQQQ
2003
9:30:02 AM
3:57:50 PM
30.33
2,497,918
1,609,704
9:30:05 AM
3:59:59 PM

QQQQ
2004
9:30:02 AM
3:59:21 PM
36.42
2,707,917
2,221,638
9:30:05 AM
3:59:59 PM

QQQQ
2005
9:30:00 AM
3:59:17 PM
38.33
2,690,298
2,486,321
9:30:00 AM
3:59:59 PM

SPY
1994
9:32:03 AM
3:48:45 PM
46.13
19,354
16,288
9:39:04 AM
3:18:38 PM

SPY
1995
9:32:28 AM
3:51:27 PM
54.31
17,945
17,880
9:36:07 AM
3:32:57 PM

SPY
1996
9:32:03 AM
3:56:13 PM
67.19
57,157
28,467
9:33:18 AM
3:54:01 PM

SPY
1997
9:31:59 AM
3:56:53 PM
87.47
201,679
72,685
9:33:38 AM
3:58:17 PM

SPY
1998
9:32:49 AM
3:58:32 PM
108.70
406,970
151,344
9:34:35 AM
3:59:13 PM

SPY
1999
9:32:35 AM
3:58:42 PM
132.92
390,681
159,753
9:34:03 AM
3:59:33 PM

SPY
2000
9:32:09 AM
3:58:37 PM
143.00
360,380
166,920
9:33:30 AM
3:59:41 PM

SPY
2001
9:30:42 AM
3:57:57 PM
119.73
505,052
280,965
9:31:56 AM
3:59:47 PM

SPY
2002
9:30:28 AM
3:58:30 PM
99.75
827,189
614,256
9:30:18 AM
3:59:54 PM

SPY
2003
9:30:05 AM
3:57:41 PM
96.91
1,055,517
823,275
9:30:14 AM
3:59:57 PM

SPY
2004
9:30:03 AM
3:59:21 PM
113.47
1,026,516
851,947
9:30:11 AM
3:59:57 PM

SPY
2005
9:30:02 AM
3:59:18 PM
120.85
1,275,154
1,272,054
9:30:04 AM
3:59:58 PM

SPY
2006
9:30:02 AM
3:59:41 PM
131.15
1,429,485
1,383,147
9:30:04 AM
3:59:59 PM
Table 2a

Summary Statistics and Sharpe Ratio Tests on Close-to-Open and Open-to-Close

Daily Returns for Five ETFs

This table presents summary statistics and Sharpe Ratio estimates for daily close-to-open (CO) and open-to-close returns for five ETF’s. Bias corrected Sharpe Ratios and p-values for one and two sample hypothesis tests on Sharpe Ratios are calculated as in Opdyke (2007).

DIA
IWM
MDY
QQQQ
SPY

Daily Returns CO
CO
CO
CO
CO
CO

Mean
0.037%
0.054%
0.072%
0.093%
0.048%

Standard Deviation
0.00603
0.00611
0.00614
0.01140
0.00603

Median
0.00040
0.00061
0.00074
0.00081
0.00050

Skewness
-0.67170
-0.85036
-0.88872
0.06107
-0.98871

Kurtosis
13.97780
13.09208
13.45979
8.24085
16.55088

Sharpe Ratio (SR)
0.0617
0.0888
0.1174
0.0815
0.0798

Sharpe Ratio Bias Corr.
0.0616
0.0887
0.1172
0.0815
0.0797

Probability SR>0
0.998
0.999
1.000
1.000
1.000

Daily Returns OC
OC
OC
OC
OC
OC

Mean
-0.018%
-0.020%
-0.039%
-0.089%
-0.021%

Standard Deviation
0.00952
0.01137
0.01068
0.01937
0.00990

Median
0.00006
0.00056
0.00019
-0.00018
0.00021

Skewness
0.24596
0.08190
0.07378
0.61698
0.27509

Kurtosis
8.56182
4.51660
4.77379
11.06752
10.34700

Sharpe Ratio (SR)
-0.0188
-0.0174
-0.0361
-0.0460
-0.0243

Sharpe Ratio Bias Corr.
-0.0188
-0.0174
-0.0361
-0.0460
-0.0242

Probability SR>0
0.187
0.250
0.053
0.023
0.113

P-value for
0.005
0.003
0.000
0.000
0.000

SR(CO) > SR(OC)
Correlation of
-0.054
-0.049
-0.069
-0.031
-0.071

CO & OC Returns

Begin Date
1/20/1998
12/29/2000
12/31/1998
3/10/1999
12/31/1995

End Date
12/29/2006
12/29/2006
12/29/2006
12/29/2006
12/29/2006

Table 2b

Summary Statistics and Sharpe Ratio Tests on Close-to-Open and Open-to-Close

Monthly Returns for Five ETFs

This table presents summary statistics and Sharpe Ratio estimates for monthly close-to-open (CO) and open-to-close returns for five ETF’s. Bias corrected Sharpe Ratios and p -values for one and two sample hypothesis tests on Sharpe Ratios are calculated as in Opdyke (2007).

DIA
IWM
MDY
QQQQ
SPY

Monthly Returns CO
CO
CO
CO
CO
CO

Mean
0.776%
1.145%
1.530%
1.945%
1.008%

Standard Deviation
0.02693
0.02902
0.03185
0.05004
0.02547

Median
0.00847
0.01515
0.01567
0.01385
0.00929

Skewness
-0.36106
-0.76998
-0.49992
0.26481
-0.62333

Kurtosis
5.11322
5.14604
6.27166
3.65366
5.85511

Sharpe Ratio (SR)
0.2881
0.3945
0.4803
0.3886
0.3959

Sharpe Ratio Bias Corr.
0.2854
0.3889
0.4738
0.3859
0.3923

Probability SR>0
0.997
0.997
1.000
1.000
1.000

Monthly Returns OC
OC
OC
OC
OC
OC

Mean
-0.393%
-0.451%
-0.844%
-1.948%
-0.479%

Standard Deviation
0.03810
0.04418
0.03950
0.07420
0.03658

Median
-0.00619
0.00465
-0.01109
-0.01822
-0.00354

Skewness
-0.43757
-0.12717
0.18478
0.01241
-0.51407

Kurtosis
4.95536
2.21699
2.72892
3.30434
4.24635

Sharpe Ratio (SR)
-0.1032
-0.1022
-0.2138
-0.2626
-0.1310

Sharpe Ratio Bias Corr.
-0.1023
-0.1017
-0.2128
-0.2610
-0.1302

Probability SR>0
0.141
0.195
0.022
0.007
0.063

P-value for
0.005
0.003
0.000
0.000
0.000

SR(CO) > SR(OC)
Correlation of
-0.109
-0.004
-0.215
0.084
-0.073

CO & OC Returns

Begin Date
1/20/1998
12/29/2000
12/31/1998
3/10/1999
12/31/1995

End Date
12/29/2006
12/29/2006
12/29/2006
12/29/2006
12/29/2006

Table 2c

Ex Post Daily Sharpe Ratios Calculated from Conditional Mean and Variance of AR(p)-Skew-t-GARCH(1,1) model for Close-to-Open and Open-to-Close Daily Returns for Five ETFs
This table presents ex post daily Sharpe Ratios, XSR, calculated from daily conditional mean and variance of AR(p)-Skew-t-GARCH(1,1) models for daily close-to-open (CO) and open-to-close returns for five ETF’s. P-values for two sample hypothesis tests on Sharpe Ratios are calculated as in Opdyke (2007). See Appendix A for details of the GARCH estimation procedure.

DIA
IWM
MDY
QQQQ
SPY

Daily Returns CO
CO
CO
CO
CO
CO
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0.0527
0.0806
0.1022
0.0689
0.0654

Ord. of AR Cond. Mean (p)
        4
                           1
                           2
                           2
                         2

Asymmetry Parameter 
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-0.0631
-0.0788
-0.0976
-0.0137
-0.0769

Daily Returns OC
OC
OC
OC
OC
OC


[image: image23.wmf]XSR


-0.0162
-0.0216
-0.0312
-0.0406
-0.0132

Ord. of AR Cond. Mean (p)
        1
                           2
                           2
                          2
                          1

Asymmetry Parameter 
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-0.0682
-0.1053
-0.1328
-0.0734
-0.0919

P-value for
0.015
0.001
0.000
0.000
0.001

XSR(CO) > XSR(OC)

Table 3
Annualized Risk Premia for Open-to-Close and Close-to-Open
This table presents annualized open-to-close and close-to-open realized risk premia (using the 5-minute VWAP) by year and summary statistics for the entire sample period for five ETFs.
	
	DIA
	IWM
	MDY
	QQQQ
	SPY

	Year
	VWAP OC
	VWAP CO
	VWAP OC
	VWAP CO
	VWAP OC
	VWAP CO
	VWAP OC
	VWAP CO
	VWAP OC
	VWAP CO

	1996
	
	
	
	
	
	
	
	
	0.9%
	15.5%

	1997
	
	
	
	
	
	
	
	
	0.8%
	24.5%

	1998
	-8.4%
	22.9%
	
	
	
	
	
	
	-3.1%
	25.3%

	1999
	-13.6%
	39.7%
	
	
	-33.8%
	65.8%
	-19.0%
	112.6%
	-21.4%
	46.1%

	2000
	-11.3%
	1.7%
	
	
	-24.6%
	45.8%
	-56.5%
	37.1%
	-21.6%
	8.8%

	2001
	7.5%
	-15.1%
	4.7%
	-5.6%
	5.3%
	-8.9%
	-26.4%
	-11.7%
	-1.3%
	-14.0%

	2002
	-16.6%
	-0.1%
	-27.1%
	6.8%
	-22.2%
	7.6%
	-43.1%
	7.2%
	-20.9%
	-3.3%

	2003
	7.5%
	17.8%
	7.4%
	35.6%
	10.6%
	21.1%
	8.5%
	35.9%
	6.5%
	19.1%

	2004
	-0.9%
	4.8%
	-4.5%
	21.7%
	0.9%
	13.3%
	-5.3%
	15.4%
	3.9%
	5.2%

	2005
	-14.3%
	14.7%
	-19.1%
	25.0%
	-9.4%
	19.8%
	-16.7%
	18.1%
	-10.7%
	13.6%

	2006
	5.2%
	7.4%
	6.3%
	5.9%
	-0.5%
	5.3%
	-4.8%
	6.9%
	3.5%
	6.3%

	
	
	
	
	
	
	
	
	
	
	

	Avg.
	
	
	
	
	
	
	
	
	
	

	Geom.
	-5.5%
	9.2%
	-6.4%
	14.1%
	-10.5%
	19.3%
	-23.3%
	23.7%
	-6.4%
	12.4%

	Arith.
	-5.0%
	10.2%
	-5.4%
	14.9%
	-9.2%
	21.2%
	-20.4%
	27.7%
	-5.8%
	13.4%

	
	
	
	
	
	
	
	
	
	
	

	Standard deviation
	9.9%
	15.8%
	14.6%
	15.1%
	16.0%
	23.9%
	21.3%
	37.8%
	10.9%
	15.9%

	Skewness
	0.39
	0.29
	-0.78
	0.03
	-0.38
	0.95
	-0.54
	1.88
	-0.67
	0.36


Table 4
Back-test results for the Long-Short Trading Strategy
This table presents results of the back-test for the long-short trading strategy compared to buy-and-hold returns for five ETFs. For a given EFT, the long-short strategy buys one share at the close, sells one share and shorts an additional share at the following day’s open, and covers the short position and buys an additional share at the close. This strategy is repeated daily. We assume that a trader following the strategy pays a $0.01 bid-offer spread per trade ($0.04 per day total). Returns from the long (CO) part of the strategy are reduced by the Fed funds rate on settlement day to reflect funding costs, and increased to reflect any dividend distributions. We consider a range of per share transactions costs ($0.005-$0.01 per share), as well as the zero marginal cost case. Table entries are average daily returns in basis points.
	Transactions Costs in $/share
	DIA
	IWM
	MDY
	QQQQ
	SPY

	0.01
	-2.0653
	-5.5879
	5.0699
	6.7538
	-0.5657

	0.009
	-1.5513
	-4.7048
	6.1435
	7.5362
	0.2926

	0.008
	-1.0372
	-3.8217
	7.2172
	8.3185
	1.151

	0.007
	-0.5232
	-2.9387
	8.2908
	9.1008
	2.0093

	0.006
	-0.0092
	-2.0556
	9.3645
	9.8832
	2.8677

	0.005
	0.5048
	-1.1725
	10.4381
	10.6655
	3.7261

	0
	3.0749
	3.243
	15.8063
	14.5772
	8.0178

	Buy and Hold
	3.611
	5.1654
	11.3715
	-0.7251
	7.6049





Settle for
Settle for


Close-to-open
Open to close
2/08/05
2/09/05




3 calendar days
5 calendar days



4:00 pm
9:30 am
4:00 pm
Friday
Monday





2/11/05
2/14/05


Close-to-close return

Figure 1

Timeline for Returns


� As discussed below, open-to-close returns are already equal to risk premia since the two trades required to realize the return settle on the same day.


� Using intraday data for an equally weighted index of NYSE-listed stocks from September 1971 to February 1972 and the calendar year 1982, Wood, McInish, and Ord (1985) show that close-to-open returns account for two-thirds of close-to-close returns in the 1971-1972 period, yet in 1982, close-to-open returns account for a percentage that is not statistically different from zero.


� For the analysis using CRSP prices, the open and close prices are used directly from the CRSP database; however, there are several dates in which prices are missing. The missing close prices were replaced after consultation with CRSP employees. Several missing open prices were replaced by taking the first trade of the day from the TAQ data. The first trade price on the composite tape corresponds closely to the CRSP open price for most of 1994-2006. The TAQ data were cleaned by removing all coded trades as well as removing price jumps. Few removed trades occurred during the 5 minute VWAP period.


� I use the term “composite” to refer to the price series from all exchanges. The “Amex” price series only includes prices for trades executed on the American Stock Exchange.


� I wish to thank J.D. Opdyke for providing SAS code to implement his method. The code is available from � HYPERLINK "http://www.DataMineIt.com" \o "blocked::http://www.datamineit.com/" �www.DataMineIt.com�.


� Opdyke (2007) only rigorously proves the validity of the asymptotic variance formula for the two-sample test in the iid case, although he conjectures that it is also valid under the more general conditions of stationarity and ergodicity. Given that our point estimates of XSRs are all positive for CO returns and all negative for OC returns, we also conduct one-sample tests (for which Opdyke’s variance formula is known to be valid given only stationarity and ergodicity) of H0,CO: XSR(1) ≤ 0 vs. Ha,CO: XSR(1) > 0 and of  H0,OC: XSR(2) ≥ 0 vs. Ha,OC: XSR(2) < 0. We can reject H0,CO at the 1% level for all five ETF return series and we can reject Ha,CO at the 5% level for QQQQ and MDY. We are therefore confident in the significance of our two-sided test results reported in Table 2c.
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