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ABSTRACT 
 
In a perfect market with no limit on arbitrage, the price movements or returns of 
an index futures contract must be perfectly and positively correlated with those of 
the underlying cash index and the component stocks of the index. However, 
transaction costs, capital limits and regulatory restrictions reduce arbitrage 
efficiency which is being revealed by a wealth of findings that index futures and 
the underlying cash assets do not move in perfect unison. It is an important issue 
to practitioners, exchange and regulatory authorities, and academics to 
understand which and how different market and idiosyncratic factors drive the 
dynamic temporal relationships between an index futures contract and the related 
individual cash assets.  
 
Chapter 1 of the thesis examines how and to what extent the sampling frequency 
for return calculation affects the intraday correlation and lead-lag relationship 
between index futures, the underlying cash index and individual cash assets.  
 
Chapter 2 tests how and to what extent index weight, liquidity, idiosyncratic 
information of a single cash stock, market conditions and regulatory restrictions 
affect the intraday correlation between the futures and individual cash asset.  
 
Following the line of argument in Chapter 2, Chapter 3 analyzes the impact of 
stock-specific and market factors on the intraday lead-lag relationship between 
the futures and single cash assets. 
 
The study deduces that stock-specific and market factors significantly affect the 
intraday dynamic relationship between index futures and individual cash assets 
and it is a phenomenon that could be explained by the optimal strategies adopted 
by index arbitrageurs.  
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INTRODUCTION 

 
This thesis examines the intraday dynamic relationships among index futures, underlying 

cash index, ETFs and the index constituent stocks because in a perfect market, the returns 

of an index futures contract and those of its underlying cash index must be perfectly and 

positively correlated as astute traders will immediately exploit any riskless profit 

opportunity and eradicate any arbitrage pricing error between the futures price and its 

theoretical value which is a linear function of the cash index. However, since the market 

is imperfect, transaction costs, risk capital constraints and regulatory restrictions disrupt 

the continuity of arbitrage activities. Thus, it is a normal observation that the index 

futures and index returns are not perfectly and positively correlated. As market and 

regulatory friction have greater impact on price movements of cash assets than futures, 

the prices of futures are generally found to lead the underlying cash index prices. 

 

The correlation and lead-lag relationship between futures contracts and the cash index 

prices are commonly affected by the way cash indices are computed. Most stock market 

indices are calculated using the last traded prices of index constituent stocks. The lead of 

futures over the cash index can be caused by differential speed at which component stock 

prices are being updated. In particular, prices of the less liquid stocks are updated much 

slower due to infrequent trading, i.e., the so-called non-trading or non-synchronous 

trading problem. Since all of the index constituent stocks are unlikely to trade within a 

particular measurement interval, the reported stock index value reflects only the lagged 

market value of the index portfolio. Traded prices also suffer from bid-ask bounces as a 

trade is either done at the bid or ask price. Bid-ask bounces introduce noises and 

disturbances to cash index and cash asset return series and weaken their correlation with 

the index futures. Bid-ask bounces and non-synchronous trading also affect information 

efficiency of the reported cash index. This study uses mid-quotes to remove noises in the 

return series of individual cash asset due to bid-ask bounces. Non-synchronous trading 

of the index constituent stocks is tackled by increasing the measurement intervals of cash 

asset returns as many studies still find evidences that futures returns lead cash index 

returns after adjusting for non-synchronous trading of the index constituent stocks. 

 

In actual trading, index arbitrageurs commonly use only a proxy portfolio which 

constitutes only a subset of the (especially broad-based) cash index to reduce the cost and 

improve execution efficiency of index arbitrage. The fact that proxy portfolios are being 

widely used in arbitrage complements the non-trading hypothesis. Since traders / 

arbitrageurs trade only the (liquid) subset of the index basket, price adjustments are 

limited to that subset of stocks leaving stock prices of the illiquid segment of the index 

basket largely unaffected. The more actively traded and liquid index constituent stocks 

are those with the largest index weights as they have the greatest impact on reported 
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index value changes. Obviously, contemporaneous correlation between returns of index 

futures and the largest index constituent stocks is the strongest. Conversely, 

contemporaneous correlation between returns of index futures and the small 

capitalization index constituent stocks is weaker. Therefore, arbitrageurs should use the 

largest index constituent stocks to conduct proxy arbitrage. 

 

The largest index constituent stocks have comparatively greater amount of firm-specific, 

idiosyncratic information available as their business operations have significant impact 

on the local economy. The influx of firm-specific information may drive stock prices of 

these largest index constituent stocks to lead price changes of the index futures. 

Idiosyncratic information of a heavily weighted index constituent stock may drive the 

cash index to lead the futures as traders can use the stock to move the reported index 

ahead of the futures. Moreover, arbitrageurs may capitalize on their information 

advantage by arbitraging between the stock and the futures. Information-based trading 

makes price changes of cash assets move closely or even lead price changes of futures. 

The converse is not true for the small capitalization index constituent stocks as they have 

comparatively less company-specific information. Therefore, returns of the largest index 

constituent stocks have greater tendency and frequency to lead those of the index futures 

compared to their smaller counterparts. Asymmetric information of individual cash 

assets is driving variations in intraday dynamic relationship between index futures and 

individual cash assets. 

 

Exchange and regulatory restrictions are limiting factors for index arbitrage trading. 

Short-sale constraint restricts short stock (long futures) arbitrage trading and market 

conventions that govern the use of short-sale proceeds increase the costs of short 

arbitrage. Arbitrageurs are required to enter into stock borrowing and lending 

agreements with brokers before they can short-sell stocks. As the largest index 

constituent stocks are more liquid and actively traded, brokers are more willing to 

provide stock loans on stocks of these companies and traders or arbitrageurs can obtain 

stock loans at lower costs. Hence, it is expected that differences in contemporaneous 

correlation between returns of index futures and individual index constituent stocks are 

greater when short stock arbitrage activities occur. The ease of short-selling individual 

cash assets determines the strength of contemporaneous correlation with index futures. 

It is expected that contemporaneous correlation between index futures and the largest 

index constituent stocks is greater than that between index futures and the smaller index 

constituent stocks. Obviously, short-selling capability, liquidity (market impact cost) of 

individual cash assets are underlying driving forces for their intraday dynamic 

relationship with index futures. 

The emergence of Exchange Traded Funds (ETFs) increases flexibility of index arbitrage 

trading. Cost and execution efficiency of ETFs make them desirable substitutes for full 
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index portfolio in executing index arbitrage trades. Instead of trading a proxy portfolio or 

the full cash index basket, arbitrageurs may use ETFs as cash leg of index arbitrage trades. 

In reality, whether pricing errors between ETFs and futures are higher or lower than that 

between cash index and futures are uncertain. If ETFs are more efficiently priced than the 

cash index, that means arbitrage activities between ETFs and cash indices are more active 

and cost efficient than those between index baskets and futures. Studies have found 

evidences that the introduction of ETFs enhances arbitrage and pricing efficiency of index 

futures contracts. This indicates that ETF trading is a significant driving force for dynamic 

relationship between index futures and individual cash assets. 

 

This thesis contributes to the literature by extending studies of dynamic relationship 

between futures and cash index prices to individual cash assets. Another contribution of 

the thesis is to examine how and to what extent idiosyncratic asset factors and market 

conditions affect realized correlations and lead-lag relationship between index futures 

and individual cash assets. 

 

Chapter 1 of the thesis examines the impact of stale prices on correlations and lead-lag 

relationships between index futures and individual cash assets. The dataset produced in 

the research for Chapter 1 also allows for a robustness check of the potential impact of 

sampling frequencies on the analytical results for Chapter 2 and 3. Chapter 1 shows that 

the realized correlations and lead-lag ratios between index futures and individual cash 

assets increase monotonically with length of measurement intervals. Many studies have 

shown that stale prices of index constituent stocks reduce informational efficiency of cash 

index prices. From a theoretical perspective, increasing length of measurement intervals 

reduces the impact of micro-structural noises on the estimation of realized correlation 

and lead-lag relationship. From a trading perspective, the cash assets are more likely to 

be traded within a longer time horizon. The effect is more prominent for the small 

capitalization segment of the index basket. This is consistent with the conjecture that non-

trading delays price adjustments of small capitalization stocks following the arrival of 

information. Realized correlation between index futures and the largest index constituent 

stocks is the strongest. This is supportive evidence that the largest index constituent 

stocks are used for index arbitrage or market related trading.  

 

Chapter 1 also finds that index futures have the smallest lead over the largest index 

constituent stocks which suggests that trading of the largest index constituent stocks 

closely tracks futures price movements. Hence, the findings based on realized correlation 

and lead-lag ratio are consistent with each other. However, the two measures of intraday 

dynamic relationships are not perfectly correlated since realized correlation measures 

the contemporaneous relationship but lead-lag ratio indicates the predictive power of 

futures over a cash asset, or vice versa. 
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Correlation coefficients between realized correlations and lead-lag ratios of the cash 

assets show that the two measures have no deterministic relationship. Correlation 

coefficients between the two measures of index and ETF are 0.06 and 0.07, respectively. 

On the other hand, correlation coefficients for the largest, medium, the smallest and all of 

the index constituent stocks are -0.14, -0.09, -0.03 and -0.06, respectively. This implies 

that the two measures have no explicit relationship. As realized correlation and lead-lag 

ratio convey different information, separate studies of the two measures are highly 

informative. 

 

Based on this understanding, Chapter 2 and Chapter 3 of the thesis test the impacts of 

effective index weight, relative turnover, percentage bid-ask spread, volatility ratio and 

open-to-close return on cross-sectional variations in realized correlations and lead-lag 

ratios between index futures and individual cash assets. As realized correlations and 

lead-lag ratios are different measures for dynamic relationship between futures and 

individual cash assets, results from Chapter 2 and Chapter 3 are expected to be different 

even though the two chapters adopt the same set of research methodologies. 

 

Empirical findings of Chapter 2 indicate that correlations between futures and individual 

cash assets are positively related to index weights, volatility ratio and open-to-close cash 

asset returns. To the contrary, correlations are negatively related to relative turnover, 

percentage bid-ask spreads and negative open-to-close cash asset returns. Chapter 3 finds 

that the futures lead is negatively related to index weight, relative turnover and volatility 

ratio of individual cash assets. In contrast, futures lead is positively related to percentage 

bid-ask spreads and open-to-close cash asset returns. 

 

The thesis is organized as follows: Chapter 1 examines the impact of sampling frequency 

on realized correlations and lead-lag ratios between index futures and individual cash 

assets. Chapter 2 tests the impact of market conditions and asset characteristics on 

realized correlations between index futures and individual cash assets. Chapter 3 

analyzes how and to what extent market conditions and asset characteristics affect lead-

lag relationship between index futures and individual cash assets Chapter 3 adopts a 

novel gauge on lead-lag relationships between related assets. The study concludes with a 

discussion on the empirical findings and explores directions for future research.  
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CHAPTER 1 

THE IMPACT OF SAMPLING FREQUENCIES ON THE INTRADAY 

DYNAMIC RELATIONSHIP BETWEEN INDEX FUTURES AND INDIVIDUAL 

CASH ASSETS 
 

1.1 Introduction 

 

The Kansas City Board of Trade (KCBT) launched the first stock index futures in the world, 

the Value Line 1 index futures contract, on 24 February 1982. Three decades after the 

launch in the 1980s, stock index futures contracts has become one of the most popular 

and frequently traded financial derivatives in the world. Trading volume of stock index 

futures contracts soared exponentially over the last 30 years. According to 2013 World 

Federation of Exchanges (WFE) Market Highlights, 2,254 million stock index futures 

contracts were traded in 2013. 

 

One year after the launch of the Value Line index futures contract, Modest and Sundaresan 

publish their seminal work on the pricing relationship between spot and futures prices 

on a stock index. Their paper provides the theoretical framework for determining the fair 

value and no-arbitrage bounds for stock index futures contracts given positive interest 

rate and transaction costs. By construction, the index futures prices and the underlying 

cash index converge at contract expiration. 

 

The relationship between spot index and index futures prices are defined as below. 

Pt = e−rFt               (A1) 

Where 

Pt = Spot index price at t 

Ft = Index futures price at t 

e−r = Continuous discount factor for period from t to T 

T = Maturity date 

 

At contract inception, the discounted futures price is set equal to the current spot price. 

This cost-and-carry relationship is applied to determine theoretical or fair values of index 

futures contacts written on a stock index. Based on the relationship, index and index 

futures prices are highly, if not perfectly correlated, to avoid arbitrage. With positive 

transaction costs, Modest and Sundaresan (1983) state that the discounted index futures 

prices stay within the boundaries to preclude occurrence of arbitrage. 

  

                                                 
1 Value Line Inc., a New York Corporation that provides financial services and publications, introduced the Value Line Composite 
Index on 30 June 1961. The index is an equally-weighted geometric average price of all stocks in the Value Line Investment Survey. The 
survey is highly regarded as it covers 1,700 stocks in different industries. 
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The no-arbitrage upper (lower) bound for observed index futures prices is defined as spot 

index prices plus (minus) costs of long (short) index arbitrage strategies. 

Pt + CPL + CFS ≥ e−rFt ≥ Pt − CPS − CFL         (A2) 

Where 

CFL(FS) = Cost to go long (short) in futures 

CPL(PS) = Cost to go long (short) in index includes interest forgone on short-sale proceeds 

 

Arbitrageurs will short (long) index futures contracts and long (short) the cash index to 

capture a risk free profit when index futures price lies above (below) the upper (lower) 

bound. In a frictionless (i.e., “perfect”) market, with zero trading costs and perfect 

information, continuous actions of pure- and quasi-arbitrageurs eliminate any 

discrepancies between the actual and theoretical futures (or conversely the spot) prices 

and drive  the perfect correlation between the two returns over any measurable 

intervals. 

 

In classical studies, actual futures prices have to stray from the non-arbitrage bounds for 

theoretical futures prices to trigger arbitrage. With positive transaction costs, width of 

the non-arbitrage bands cannot shrink to zero. Early unwinding, which is a dynamic index 

arbitrage strategy, allows arbitrageurs to offset futures and cash positions before actual 

futures prices cross the non-arbitrage boundaries. However, for index arbitrage trading, 

proxy portfolio is a more effective strategy. Arbitrageurs construct proxy portfolios, with 

the most heavily weighted component stocks to minimize trading costs and maximize 

execution efficiency, should an arbitrage be triggered. To minimize the number of stocks 

in the proxy portfolio, arbitrageurs should use the most liquid stocks as trading costs that 

include the bid-ask spread so that the market impact cost of these stocks would be lower. 

The heavily weighted stocks are the most liquid (actively traded) stocks in the cash index 

basket. Hence, it is expected that the contemporaneous correlation between futures and 

the top few stocks are higher than that with the smaller capitalization stocks in the index. 

Obviously, price changes of the smaller capitalization constituent stocks are lagging 

behind futures and the largest constituent stocks enhancing arbitrage trading between 

ETFs and futures which keeps the laggard smaller capitalization constituent stocks back 

in line with prices of ETFs, cash indices, and futures. Following price movements of 

futures and the largest constituent stocks, ETFs and index arbitrageurs will subsequently 

trade the laggard smaller capitalization stocks and push prices of these stocks to align 

with the futures and index prices. 

 

In an imperfect market, transaction costs, arbitrage capital constraints and regulatory 

restrictions impair price adjustments of individual cash assets. More specifically, 

correlation between index futures and individual cash assets is related to index 

construction methodology, proxy arbitrage, discretionary index arbitrage, and portfolio 
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weight of the cash assets. Hence, the correlation between futures and stocks of different 

sizes is expected to be dependent on width of time intervals defined for measuring price 

movements or returns. This chapter investigates the impact of sampling frequency for 

return on the intraday dynamic relationship between index futures and individual cash 

assets. In addition, the chapter examines temporal dynamics of realized correlations 

between index futures and individual cash assets and identifies temporal factors which 

drive the temporal dynamics of the realized correlations. 

 

1.2 Literature Review 

 

The chapter starts with a review of relevant studies on index arbitrage, ETF arbitrage, 

realized correlations and lead-lag ratios. 

 

1.2.1 Index arbitrage 

 

Many studies have been done to investigate index arbitrage trading in different markets 

and countries. Modest and Sundaresan (1983) use prices of June and December 1982 

index futures contracts on S&P500 to test the validity of the non-arbitrage boundaries for 

index futures prices which has been derived from the cost-of-carry model. The authors 

examine the impacts of short-selling restrictions and dividends on movements of the 

S&P500 index futures prices. Their results confirm that observed index futures prices 

fluctuate within the theoretical boundaries except when short sellers have full use of the 

short-sale proceeds. These indicate that profitable arbitrage opportunities are rare and 

short-selling restrictions pull down the lower non-arbitrage bounds for index futures 

prices. 

 

Brennan and Schwartz (1988) model the dynamic index arbitrage strategy where 

arbitrageurs unwind profitable futures and cash positions before the expiry date of the 

index futures contracts. The authors include this early unwinding option in pricing model 

for index futures and tighten the non-arbitrage bounds for the prices of the index futures. 

They conclude that early unwinding of outstanding cash and futures positions mitigate 

the impact of trading costs on arbitrage intensity and efficiency. 

 

Brennan and Schwartz (1990) examine the index arbitrage trading of the S&P500 index 

futures. They aim to find optimal arbitrage strategies for given position limits and positive 

transactions costs. The authors generate a 15-minute “mispricing” series from 

transaction data of the S&P500 index futures spot and nearby contracts for the period 

from 17 June 1983 to 18 June 1987. The authors test the performances of different 

arbitrage strategies by simulating the performances of these strategies based on 16 

S&P500 index futures contracts expiring between 1983 and 1987. Their findings suggest 
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that optimal strategies are dependent upon the evolution of the mispricing. The study 

provides strong motivation for future researches on model specifications and estimation 

of the stochastic processes for modeling of the mispricing of the index futures contracts. 

 

Brenner, Subrahmanyam and Uno (1990) study index arbitrage trading for four Japanese 

stock index futures between September 1988 and August 1989. The authors find that 

deviations of the index futures prices from the fair value computed from the cost-of-carry 

model are attributable to market frictions such as high transaction costs and restrictions 

on short-selling and arbitrage activities. Mispricing of index futures gradually declines 

with the decrease in transaction costs and the removal of trading restrictions. The 

authors conclude that the Japanese index futures markets are typical illustrations of how 

trading impediments can impact market efficiency. 

 

Yadav and Pope (1990) explicitly incorporate actual transactions into their analysis of 

arbitrage activities of the Financial Times Stock Exchange (FTSE) 100 index futures 

contracts traded on the London International Financial Futures Exchange (LIFFE). The 

data set of the study consists of 1,012 daily observations for 16 index futures contracts 

between 1 July 1984 and 30 June 1988. The authors analyze the mispricing behavior of 

the FTSE 100 index futures for the whole sample versus the Pre- and Post-Big Bang 

periods. 2 The authors find that the pricing model tends to over-estimate futures prices. 

Deregulation decreases the frequency of mispricing and increases the tendency for 

mispricing to reverse. The mispricing series exhibits strong positive auto-correlation and 

that deregulation decreases the magnitude. Mispricing generates zero returns on average 

but abnormal positive (negative) returns exist given underpricing (overpricing) of the 

futures contracts. Early unwinding or rollover of arbitrage positions are valuable options 

even after accounting for transaction costs. Dividend specification has no impact on 

futures mispricing. Futures market is more volatile than cash market on both intraday 

and inter-day basis. The value of tax timing option is uncertain. The results provide 

evidences that deregulation enhance market efficiency. 

 

Klemkosky and Lee (1991) test the efficiency of the S&P500 index futures market by 

evaluating profitability of associated index arbitrage trading activities. The authors 

analyze 163,335 intraday trades for nineteen S&P500 nearby contracts transacted on 

1,183 trading days between 18 March 1983 and 17 December 1987. The authors find that 

exchange members have more profitable arbitrage opportunities than institutional 

investors. With positive taxes, fewer incidences of mispricing are observed. Over the 

sample period, futures overpricing occurs more frequently than underpricing. Frequency 

                                                 
2  “Big Bang” refers to deregulation of London’s financial markets on 27 October 1986. Please refer to 
http://www.londonstockexchange.com/about-the-exchange/company-overview/our-history/our-history.htm for further 
information. 

http://www.londonstockexchange.com/about-the-exchange/company-overview/our-history/our-history.htm


9 

and magnitude of futures mispricing decrease over the life of the contract. Index arbitrage 

trades are still profitable 10 minutes after appearance of the initial signal and profitability 

declines over time. As stock prices generally go up in the sample period, this increases 

(decreases) profitability of long (short) hedges if the positions are marked-to-market on 

a daily basis. 

 

Sofianos (1993) analyzes 2,659 index arbitrage trades on S&P500 for the period from 15 

January 1990 to 13 July 1990. The author finds that profitable arbitrage opportunities are 

limited and short-lived. They persist for only three minutes on average. He finds that 

unwinding occurred in 70% of the arbitrage trades. Cash and futures positions for 37% 

of the trades are not established simultaneously. On average, arbitrageurs use only 280 

stocks to conduct arbitrage. In particular, 8% of the trades use less than 70 stocks. The 

findings suggest that arbitrageurs use early unwinding, lagging and proxy portfolios to 

increase execution efficiency and reduce transaction costs of index arbitrage trades. 

 

Neal (1996) compares actual results of S&P500 arbitrage trades 

and predictions from index arbitrage models. The author compares actual S&P500 index 

futures arbitrage trading records with minute-by-minute cash index and futures prices 

for the period between 3 January 1989 and 31 March 1989. He finds that 

arbitrage trading is not affected by the short-selling constraint. The opportunity 

cost of funds for arbitrage trading is higher than the Treasury bill rate. The arbitrage 

trades can only capture a small price discrepancy. The author concludes that the index 

arbitrage models are not capable of explaining the arbitrage trades and that such models 

should include an early liquidation option. 

 

Bae, Chan and Cheung (1998) use both real-time trade prices and bid-ask quotes index 

futures and options traded on the HKEx to examine the bias towards identifying arbitrage 

opportunities based on transaction prices. The authors re-compute the non-arbitrage 

bounds for index futures prices with bid-ask quotes and this significantly reduces the 

width of the non-arbitrage boundaries. The article finds that the percentage of 

observations violating the non-arbitrage bounds is significantly reduced when bid-ask 

quotes are used instead of transaction prices. The authors state that empirical studies 

using transaction prices to analyze arbitrage strategies may use prices from the wrong 

side of the spread. The paper finds a relationship between the frequency of actual prices 

violating the non-arbitrage bounds computed from transaction prices and the size of the 

bid-ask spreads for index futures and options contracts. This phenomenon indicates that 

a larger mispricing may be caused by widening of the bid-ask spread which does not 

necessarily imply a profitable arbitrage opportunity. 
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1.2.2 ETFs 

 

The last two decades has witnessed an exponential growth in number and turnover of 

ETFs around the globe. According to the 2013 WFE Market Highlights, turnover of ETFs 

increased by 11% to USD 11.9 trillion and the number of listings increased by 5% to 8,143 

in 2013. ETFs are open-ended investment funds that trade like stocks on an exchange. 

They allow investors to sell short, trade on margin and buy only one share of the 

underlying cash index portfolio. ETFs track closely the performance of the underlying 

cash index as arbitrage trading eradicates price discrepancies between ETFs and the 

underlying cash index basket. Given its relatively low transaction costs and small tracking 

errors of the underlying cash index, ETFs are favorable cash assets to replace the full cash 

index basket in executing index arbitrage trades as arbitrageurs avoid trading all index 

constituent stocks simultaneously. ETFs enable arbitrageurs to increase execution 

efficiency and reduce transaction costs of index arbitrage. In view of this, proxy portfolios 

and ETFs are alternative instruments to arbitrageurs for executing index arbitrage trades. 

Arbitrageurs’ choice depends on the relative efficiency between arbitrage trading of 

proxy portfolios or ETFs against index futures and arbitrage trading of ETFs against the 

underlying cash index. These two types of arbitrage trading affect the correlation and 

lead-lag relationship between futures and individual cash assets. 

 

Park and Switzer (1995) find supporting evidences that the introduction of the Toronto 

35 Index Participation Units (TIPS) increases the turnover of index futures traded on the 

Toronto Stock Exchange (TSE) and reduces the magnitude and frequency of index futures 

mispricing. Switzer, Varson and Zghidi (2000) find that the introduction of the Standard 

and Poor’s Depositary Receipts (SPDRs) reduces the mispricing of the S&P500 index 

futures contracts. Kurov and Lasser (2002) conclude that the launch of NASDAQ-100 

Index Tracking Stock (Cubes) reduces the magnitude of mispricing and frequency of the 

NASDAQ-100 index futures contracts violating the non-arbitrage boundaries. Richie, 

Daigler and Gleason (2008) emphasize that SPDRs are favorable cash instrument to 

execute index arbitrage trades given their lower trading costs and price continuity 

compared with the stale prices of the index constituent stocks. However, its relative low 

trading volume imposes a limit on index arbitrage trading activities. Marshall, Nguyen 

and Visaltanachoti (2013) examine the behavior of mispricing between two S&P500 ETFs, 

namely: SPDR Trust (SPY) and iShare (IVV) between February 2001 and August 2010. 

The authors find that the daily return correlation between the two ETFs is 0.99 and price 

deviations from the fair values are corrected within 2 minutes. Other findings include 

noticing that more buyers (sellers) initiated arbitrage trades in response to underpricing 

(overpricing), and that mispricing is not determined by differences in net asset values of 

the ETFs. There are also more arbitrage opportunities under volatile markets. Deville, 

Gresse and S’everac (2014) study the impact of Lyxor CAC 40 on pricing and arbitrage 
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efficiency between index futures and the underlying index. The study uses sample data 

from the period around the launch of Lyxor CAC 40 in 2011. The authors find evidences 

that the non-arbitrage pricing relation for index futures has significantly improved after 

the introduction of Lyxor CAC 40. They also find that mispricing between index futures 

and index prices decreases in the post-ETF period after controlling for the impact of bid-

ask spreads of index constituent stocks, turnover of the ETFs, index-futures mispricing 

and time-of-the day effects. 

 

1.2.3 Realized correlation and lead-lag ratio 

 

Andersen, Bollerslev, Diebold and Labys (1999) review and discuss the theoretical 

foundation, estimation, application and forecasting of realized volatility and correlation. 

The authors point out that micro-structural biases distort the average realized volatility 

measure as sampling frequency increase. They illustrate the relationship with volatility 

signature plots for a liquid and an illiquid asset. Volatility signature plot visualizes the 

relationship between the average realized volatility and the sampling frequency. The 

results indicate that average realized volatility for the illiquid asset was smaller at high 

sampling frequency as micro-structural factors introduce positive serial correlation to the 

asset returns. 

 

Andersen, Bollerslev, Diebold and Labys (2001) justify the use of realized volatility and 

covariance measures for high frequency asset returns. The authors show that the 

conditional mean of asset returns has no impact on the realized measures as realized 

return innovations are the sole driver of the quadratic variation and co-variation in asset 

prices. Realized volatility and correlation are unbiased estimators of the conditional 

variance and covariance. They are model-free measures and independent of the return-

generating process of the asset. The authors also point out that the realized volatility and 

correlation are proportional to the length of the measurement interval. 

 

Andersen, Bollerslev, Diebold and Ebens (2001) state that realized variance and co-

variance measures computed from summing all of the squared logarithmic asset returns 

within a certain period of time are model-free. Theoretically, measurement errors of the 

estimates shrink to zero if sampling frequency of asset returns approaches infinity. The 

authors compare the unconditional distributions of the realized and logarithmic realized 

volatility and correlation measures for the Dow Jones Industrial Average (DJIA) in the 

1,366 trading days between 2 January 1993 and 29 May 1998. They find that distributions 

of the logarithmic realized volatility and correlation measures are approximately normal. 
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Darrata, Rahmanb and Zhong (2003) study the correlation and lead-lag relationship 

between trading volumes and return volatilities computed from transaction prices of 30 

DJIA component stocks between 1 April 1998 and 30 June 1998. The authors find no 

significant correlation between trading volumes and return volatilities for 27 t of the 30 

DJIA stocks. This is strong evidences that the correlation and lead-lag measures do not 

have an explicit relationship. 

 

Barndorff-Nielsen and Shephard (2004) derive asymptotic distribution for realized 

correlations between high frequency returns of two financial assets. The authors prove 

that co-variances between high frequency returns will converge to zero if the number of 

measurement intervals tends to infinity. In other words, co-variations between intraday 

returns are negligible and the realized correlation measure is a consistent estimator for 

co-variability between high frequency returns of the two financial assets. High frequency 

realized correlation between the financial assets is approximately the number of 

measurement intervals multiplied by co-variances of the returns. This justifies the use of 

fixed measurement intervals for estimating realized correlations at high frequency. 

 

McAleer and Medeiros (2008) document the development, theoretical derivations and 

estimation methodologies for realized volatility and correlation. The authors summarize 

the discussions on continuous time specification for realized volatility and a multivariate 

model for realized covariance. The authors also discuss the impact of microstructure 

noises on the consistency of daily realized volatility measures. They propose sparse 

sampling as the solution and review method in determining the optimal sampling 

frequency. The paper justifies the estimation of realized volatility and correlation at 

discrete measurement intervals. 

 

Chow, Lam and Yeung (2009) apply the methodology of Andersen, Bollerslev, Diebold 

and Ebens (2001) to estimate realized volatility and correlation of selected HS and HS 

China Enterprises (HSCE) index constituent stocks over the period from 2 January 2004 

to 31 December 2005. 3  The empirical results indicate that realized volatilities 

(correlations) of the HSCE index constituent stocks are significantly higher (lower) than 

those of the HS index constituent stocks. The authors find that the realized volatilities 

exhibit strong long-memory effect whereas the effect for realized correlations is weaker. 

 

Audrin and Corsi (2010) propose a tree-structured Heterogeneous AutoRegressive (tree-

HAR) process to estimate and predict the tick-by-tick realized correlations between the 

S&P500 index futures and the 30-year Treasury bond futures from January 1990 to March 

2008. They apply Fisher-Z transformation to convert the bounded realized correlation 

                                                 
3 The index constituent stocks of HSCE comprise of “H-shares”, i. e. shares of companies incorporated in Mainland China that are 
traded on the HKEx. 
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coefficients to a normally distributed random variable. The tree-HAR model is used to 

model and predict the dynamics of the Fisher-Z transformed realized correlations. Their 

empirical results suggest that the realized correlation between returns of index futures 

and bonds has experienced regimental change which depends on past daily returns of the 

S&P500. The authors find supportive evidences that the predictive power of the tree-HAR 

model outperformed other competitive models. They conclude that the tree-HAR model 

can be applied to predict changes in realized correlations between other asset classes. 

 

Huth and Abergel (2014) use the LLR to quantify the lead-lag relationship between a pair 

of financial assets. LLR is a ratio between the sums of squared cross-correlations for 

returns of two financial assets. It measures the asymmetry of the cross-correlation 

functions. Cross-correlation is a standard method for estimating the degree of correlation 

between two variables. Auto-correlation is a special form of cross-correlation which 

measures the degree of correlation between lag terms of an asset. In econometrics, lagged 

cross-correlation (or cross-autocorrelation) is used to proxy lead-lag relationship 

between a pair of financial assets. The numerator of LLR is the sum of the squared cross-

correlations computed from lead returns of asset A over asset B; while the denominator 

is the sum of the squared cross-correlations computed from lead returns of asset B over 

asset A. LLR, which is greater than 1, implies that the returns of asset A lead those of asset 

B over the observation period. The author use LLR to estimate lead-lag relationship 

between cash assets and contracts of index futures traded on major European exchanges 

at high frequency levels. Their findings suggest that LLR is appropriate for estimating 

high frequency lead-lag relationship between a pair of financial assets. 

 

1.3 Hypotheses 

 

The study test the impact of sampling frequency on realized correlation and lead-lag ratio 

between index futures and individual cash asset. The following hypotheses are defined to 

test the relationship. 

 

H1:  Correlation between index futures and individual cash asset increases 

monotonically over the length of the measurement interval 

 

H2:  Index futures lead over individual cash asset increases monotonically with the 

length of the measurement interval 

  



14 

H3: Correlation between index futures and index constituent stock is positively related 

to the stock’s index weight 

 

H4: Index futures lead over index constituent stock is negatively related to the stock’s 

index weight 

 

H5:  Daily correlation between index futures and individual cash asset is affected by the 

lagged daily measures and the lagged weekly and monthly average measures 

 

H1 and H2 test the impact of non-synchronous trading of cash assets on the magnitude of 

realized correlations and lead-lag ratios. Non-synchronous trading is less prominent at 

longer measurement intervals. H3 and H4 test the impact of proxy portfolios by 

arbitrageurs on magnitude of realized correlations and lead-lag ratios. H5 tests the 

relationship between daily, weekly and monthly average correlation measures. 

 

1.4 Data 

 

HS index is a free-float adjusted market-capitalization weighted index computed from 

transaction prices of the index constituent stocks. HS index is representative of the Hong 

Kong stock market as it has a history of 45 years. (HS index was launched on 24 November 

1969) Market capitalization of its 50 index constituent stocks accounted for 60% of 

HKEx’s Main Board (MB) market capitalization. 4 As of 30 December 2011, total market 

capitalization of the MB was HKD17,453 billion. It is not only market capitalization, but 

also turnover that is concentrated in the HS index constituent stocks. Trading in HS index 

constituent stocks accounted for 55% of MB’s annual turnover of HKD17,091 billion in 

2011. As all HS index constituent stocks have lower bid-ask spreads and are allowed to 

be short-sold, this reduces market impact costs of arbitraging with these stocks. 5 These 

factors contribute to trading concentration in the HS index constituent stocks. 

 

HKEx launched the HS index futures contract in May 1986. With 26 years of history, HS 

index futures contract is by far the most popular and actively traded derivative 

instrument in Hong Kong. In 2011, the number of HS index futures contracts traded was 

23,085,833. The HS index futures contract has 4 maturity months which are spot, next 

and next 2 calendar quarter months with trading concentrated in the spot month contract. 

Last trading day of HS index futures contract is the second last business day of the 

contract month. HS index futures contracts adopt the “Asian Style Settlement” method. 

The Estimated Average Settlement (EAS) price is the arithmetic mean of the 5-minute HS 

                                                 
4 Table A1 lists the HS index constituent stocks as of November 2011 
5 HKEx only permits investors to short-sale selected securities. The list of securities eligible for short-sale are regularly updated and 
published on http://www.hkex.com.hk/eng/market/sec_tradinfo/stkcdorder.htm 

http://www.hkex.com.hk/eng/market/sec_tradinfo/stkcdorder.htm
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Index quotes observed on the last trading day of the contract excluding the opening quote. 

 

In 1998, the Hong Kong Special Administrative Region (HKSAR) government defended 

the attacks of international speculators with a series of market operations. One of the 

results was that the HKSAR government acquired HKD120 billion (USD15 billion) worth 

of HS index constituent stocks. To dispose of the acquired stocks in an orderly manner 

and to minimize the impact to the financial markets, the government adopted the advice 

of the Exchange Fund Investment Limited (EFIL) in “re-packaging” the stocks as an ETF 

and sold to the investing public. TraHK was launched in November 1999 with an IPO of 

HKD33.3 billion (USD4.3 billion), being the largest IPO in Asia ex-Japan at that time. On 

12 November 1999, TraHK started trading on the HKEx. Through the tap mechanism of 

TraHK, the government gradually sold off HKD140.4 billion worth of HS index constituent 

stocks (value as of 15 October 2002).  

 

HS index futures, HS index constituent stocks and TraHK are all traded electronically. HS 

index constituent stocks and TraHK are traded on the Third generation Automatic Order 

Matching and Execution System (AMS/3) whereas HS index futures are traded on the 

Hong Kong Futures Automatic Trading System (HKATS). Electronic trading enables the 

recording of quote and price changes on a continual basis. 6 Primary data inputs of the 

study are time-stamped tick-by-tick bid-ask quotes for HS index futures, HS index 

constituent stocks and TraHK provided by the HKEx. This study uses the bid and ask 

quotes recorded in continuous trading sessions to alleviate the problem of non-

synchronous trading as they are continuously updated. Mid-quote is computed to remove 

bid-ask price bounces. As bid and ask quotes are firm and executable prices, they reflect 

actions of market participants in response to the arrival of information. This study also 

uses the official 15-second HS index quotes provided by the Hang Seng Indices Company 

Limited (HSIL). Sample period of the study is from January 2006 to December 2011. The 

sample period includes the 2 years preceding and after the financial crisis triggered by 

the collapse of Lehman Brothers on 15 September 2008. The prolonged data history 

enables the examination of the intraday dynamic relationships between HS index futures 

and individual cash assets throughout the economic cycle. 

 

For analysis purpose, the tick-by-tick data series are converted into time series with 

different measurement intervals. In this study, the finest measurement interval is 15 

seconds which matches with the reporting time frame of the HS index values. To generate 

time series from the tick-by-tick data, value for a particular 15-second interval is defined 

as the value observed at or preceding that point in time. If there is no change in value over 

two successive intervals, the current value is carried over to the next interval. The 

                                                 
6Please refer to https://www.hkex.com.hk/eng/market/typhoons/tradinghour.htm for trading hours of HKEx’s cash and derivatives 
markets. 

https://www.hkex.com.hk/eng/market/typhoons/tradinghour.htm
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assignment continues until each and every time interval from market open to close is 

filled. 

 

1.5 Methodologies 

 

1.5.1 Intra-day asset returns 

 

Intraday returns for HS index futures and individual cash assets are computed from mid-

quotes and quoted prices observed at different intervals. Data records with ask quotes 

smaller than bid quotes are excluded from the calculation. 

 

Return for asset i at time t (rit) is defined as: 

rit = ln(
Pit

Pit−1
)              (A3) 

Where 

i = 1, 2 …, 57 represents stock codes of HS index constituent stocks and TraHK 7, rft is 

returns of HS index futures, Pit and Pit−1 are mid-quotes observed at t and t – 1. 

 

HS index returns are computed from intra-day 15-second quotes provided by the HSIL. 

Returns of HS index (rht) at time t is defined as: 

rht = ln(
It

It−1
)               (A4) 

Where 

It and It−1 are reported HS index values, respectively 

 

1.5.2 Realized volatility and correlation 

 

Following Andersen and Bollerslev (1998), the realized correlation between returns of 

asset i and HS index futures on day t (ρit) is computed as below. 

ρit =
∑ rft
n
t=1 rit

√∑ rft
2n

t=1 √∑ rit
2n

t=1

             (A5) 

Where 

n is number of intervals, rft is HS index futures returns, rit is asset i’s returns, rft
2  and 

rit
2  are squared returns of futures and asset i, respectively. 

 

To examine the potential impact of (il)liquidity or non-trading on the intraday correlation 

between the HS index futures and individual cash assets across different sampling 

                                                 
7 56 HS index constituent stocks in the sample period and 27 are index constituent stocks throughout the period. The 27 stocks are: 
00001, 00002, 00003, 00004, 00005, 00006, 00011, 00012, 00013, 00016, 00017, 00019, 00023, 00066, 00083, 00101, 00144, 00267, 
00291, 00293, 00330, 00494, 00762, 00883, 00941, 01199 and 02388. 
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frequencies, realized correlations are computed over measurement intervals of 15-

second, 30-second, 1-minute, 3-minute, 5-minute, 15-minute and 30-minute. Realized 

correlations are expected to increase with length of the measurement intervals as 

individual cash assets are more likely to be traded in a longer time horizon. 

 

Although realized correlations are scale-free indicators for measuring co-movements 

between a pair of financial assets, the value of the coefficients are bounded between –1 

to +1. The truncated distribution of the coefficients is not a desirable feature for statistical 

tests. Realized correlation coefficients are converted into normal variates by the Fisher-Z 

transformation method. 

 

Fisher-Z transformed realized correlation between returns of asset i  and HS index 

futures on day t (ρit̃) is defined as follows: 

ρit̃ =
1

2
ln

1+ρit

1−ρit
              (A6) 

Where 

ρit̃~N(
1

2
ln

1+ρit

1−ρit
,

1

√n−3
)  is normally distributed with mean 

1

2
ln

1+ρit

1−ρit
 and standard 

deviation 
1

√n−3
 

 

1.5.3 Lead-lag ratio (LLR) 

 

This study estimates LLR to quantify lead-lag relationship between HS index futures and 

individual cash assets on a daily basis as the measure condenses information of the whole 

cross-correlation functions into a single number. To measure the marginal change in 

correlation between different lag terms, the study modifies the methodology of Huth and 

Abergel (2014) by substituting partial cross-correlation for the original cross-correlation 

to compute the LLRs. 

 

LLR between returns of asset i and HS index futures on day t (lit)is estimated as follows: 

lit =
∑ ρj

2(rft−jrit)
p
j=1

∑ ρj
2(rft+jrit)

p
j=1

              (A7) 

Where 

ρj
2(rft−jrit)  is squared partial cross-correlation between contemporaneous returns of 

asset i  and lead returns of HS index futures, ρj
2(rft+jrit)  is squared partial cross-

correlation between contemporaneous returns of asset i and lag returns of HS index 

futures and p is number of lead and lag terms. Lead and lag index futures returns are 

those preceding and succeeding the contemporaneous cash asset returns. 
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LLR is a robust estimate as the measure is model free and independent of the return 

distributions. Unlike LLR, the error correction model can only be applied to “co-integrated” 

asset return series. If futures returns lead cash asset returns, then LLR is expected to be 

greater than 1. The greater the LLR, the greater extent of the futures lead over cash 

returns, and vice versa. This thesis adopts a fixed 15-minute rolling time window 

preceding and succeeding contemporaneous cash asset returns in computing the LLRs as 

arbitrage opportunities will be fully exploited within the specified time. Barndorff-

Nielsen and Shephard (2004) states that fixed measurement intervals can produce more 

robust estimates with stable asymptotic distribution. Number of lead and lag futures 

returns use to compute LLRs equals the length of the rolling window divided by length of 

measurement interval, e.g. 60 lead and lag futures returns to use if sampling frequency is 

15-second. Results are robust with respect to different choices of p. 

 

1.5.4 Regression analysis 

 

This study aims to understand the impact of arbitrage trading on variations in realized 

correlations and lead-lag ratios across different assets and sampling frequencies. The 

realized correlations and lead-lag ratios are calculated on a daily basis using non-

overlapping intervals of returns that are extracted from and during the continuous and 

parallel trading sessions of cash and futures markets. Moreover, to purge the impact of 

strategic trading base on non-trading hour information, opening returns in morning and 

afternoon sessions are discarded. Intraday observations from the same trading day are 

used to compute asset returns for measurement intervals of 15-second, 30-second, 1-

minute, 3-minute, 5-minute, 15-minute and 30-minute to facilitate the examination of 

changes in asset returns over different sampling frequencies. 

 

This study adopts the tree-HAR model proposed by Audrin and Corsi (2010) to gauge the 

time series patterns of the Fisher-Z transformed realized correlations between index 

futures and the cash assets. The tree-HAR model is estimated by regressing the 

contemporaneous Fisher-Z transformed realized correlations between index futures and 

individual cash assets on lagged daily and average weekly and monthly Fisher-Z 

transformed realized correlations. Three sets of tree-HAR models are estimated for 

Fisher-Z transformed realized correlations between HS index futures and HS index, 

TraHK and HS index constituent stocks, respectively. 

 

The HAR models are defined as follows. 

ρit̃ = a + b1ρit−1̃+b2ρit−1
W̃ + b3ρit−1

M̃            (A8) 

Where 
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ρit̃ is Fisher-Z transformed realized correlation between asset i and HS index futures on 

day t 

ρ
it−1̃

 is daily Fisher-Z transformed realized correlation between asset i and HS index 

futures on day t − 1 

ρ
it−1
W̃  = 

∑ ρit−j̃
6
j=2

5
 is average weekly Fisher-Z transformed realized correlation between 

asset i and HS index futures on day t − 1 

ρ
it−1
M̃  = 

∑ ρit−j̃
31
j=2

30
 is average monthly Fisher-Z transformed realized correlation between 

asset i and HS index futures on day t − 1 

bi ’s are response coefficients for the daily, average weekly and monthly Fisher-Z 

transformed realized correlations 

 

1.6 Empirical Findings and Interpretation 

 

Table A2 reports average intraday returns of HS index futures and individual cash assets 

for the period between January 2006 and December 2011 measured at 15-second, 30-

second, 1-minute, 3-minute, 5-minute, 15-minute and 30-minute intervals. All of the 

intraday returns are either insignificantly different from zero or negative numbers 

smaller than 0.01%. The results confirm that the intraday returns are negligible and have 

little impact on the estimated realized volatility and correlations. 

 

Table A3 documents the relationships between sampling frequency and realized volatility 

of HS index futures and individual cash assets. The results indicate that all of the realized 

volatilities are significantly different from zero and increase monotonically with length of 

the measurement intervals. The findings support the theoretical conjecture that 

increasing length of the measurement intervals reduces the influence of microstructure 

noises and increases the realized volatility estimates. This is also consistent with the non-

trading hypothesis as higher level of trading activities in longer time intervals generate 

greater return volatilities. The results indicate that intraday returns of the HS index 

constituent stocks are the most volatile, HS index futures the second, TraHK the third and 

HS index, the least volatile. To understand the variations in realized volatilities across 

stocks, the HS index constituent stocks are stratified into 3 distinct groups based on index 

weights, namely: index weight that is greater than or equal to 10%, index weight between 

1% and 10% and index weight that is less than 1%. The results show that the largest HS 

index constituent stocks have the lowest realized volatilities whereas their smallest 

counterparts have the highest realized volatilities. This is due to non-trading of the 

smallest HS index constituent stocks. As the smallest index constituent stocks are less 

frequently traded, their prices move more drastically to reflect new information which 

translates into higher realized volatilities. 
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Table A4 consolidates average realized correlation between HS index and the HS index 

instruments measured at various sampling frequencies. The results are consistent with 

H1 where realized correlation coefficients increase with the length of the measurement 

intervals. The coefficients for individual assets increase significantly when sampling 

frequency decreased from 15-second to 30-minute. As expected, the realized correlation 

between HS index and HS index futures is the strongest with coefficients range from 0.18 

measured at 15-second intervals to 0.79 measured at 30-minute intervals. TraHK tracks 

closely the movements of HS index and their correlation coefficients resemble those 

between HS index and HS index futures. The realized correlation between HS index and 

HS index constituent stocks are the lowest. However, the realized correlation between HS 

index and individual HS index constituent stocks vary widely. HS index constituent stocks 

with weights greater or equal to 10% have the strongest realized correlation with the HS 

index futures. The coefficients are even greater than those between HS index and HS index 

futures. The correlation coefficients between HS index and the largest index constituent 

stocks range from 0.19 at 15-second intervals to 0.51 at 30-minute intervals. The results 

are obvious as price changes of the largest HS index constituent stocks have the greatest 

impact on the reported HS index values and their returns should move more closely with 

that of the HS index. 

 

Table A5 visualizes the impact of sampling frequency on realized correlation between HS 

index futures and individual cash assets. The results are consistent with H1 as all of the 

realized correlations increase with the length of the measurement intervals. Realized 

correlation between TraHK and HS index futures is the strongest. This is supportive 

evidence for arbitrage trading between TraHK and HS index futures. On the contrary, 

correlation between HS index constituent stocks and HS index futures is the lowest. 

Similar to results in Table A4, realized correlation between the largest HS index 

constituent stocks and HS index futures are the highest compared with other HS index 

constituent stocks. Correlation coefficients range from 0.07 at 15-second intervals to 0.52 

at 30-minute intervals. The results are consistent with H3 and provide solid evidences 

that market participants use the largest HS index constituent stocks to construct proxy 

portfolios for index arbitrage trading. The results reveal that market participants trade 

TraHK and the largest HS index constituent stocks to capitalize gains ahead of general 

market movements and arbitrage against mispricing of the HS index futures. 

 

Table A6 evaluates the impact of sampling frequency on lead-lag ratio between HS index 

futures and the individual cash assets computed at 15-second, 30-second, 1-minute, 3-

minute and 5-minute measurement intervals. The results are in line with H2 as all of the 

lead-lag ratios are significantly greater than 1 and increase monotonically with the length 

of the measurement intervals. As HS index futures are highly liquid and less costly to trade, 

market participants trade futures to capitalize their views on potential market 
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movements and cause futures prices to significantly lead cash asset prices. HS index 

futures has the greatest lead over HS index as index values are computed from the last 

traded prices of the index constituent stocks. The lead of the HS index futures over TraHK 

is smaller than its lead over the HS index constituent stocks due to arbitrage trading 

between TraHK and HS index futures. The lead of the HS index futures over the largest HS 

index constituent stocks is the smallest. This is consistent with H4 and suggests that 

arbitrageurs use the largest HS index constituent stocks to construct proxy portfolios for 

index arbitrage trading. 

 

Table A7, A8 and A9 gauge the distributional properties of the realized correlations and 

lead-lag ratios between HS index futures and individual cash assets. The tables report the 

mean, standard deviation, skewness, kurtosis, maximum, median and minimum of the 

two measures for all measurement intervals. The statistics shed light on changes in the 

realized correlations and the lead-lag ratios across assets and sampling frequencies. 

 

Table A10 presents regression results for Fisher-Z transformed realized correlations 

between HS index and HS index futures for measurement intervals of 15-second, 30-

second, 1-minute, 3-minute and 5-minute. The models are estimated by method of least 

squares. R2 of the regression models decrease from 0.51 at 15-second intervals to 0.20 

at 5-minute intervals. The results indicate that temporal dynamics of the realized 

correlations are most prominent when asset returns are measured at the 15-second 

intervals. Negative regression coefficients for lagged daily realized correlations imply 

reversal of the daily realized correlations. Regression coefficients for lagged average 

weekly and monthly realized correlations are both positive. These indicate that short-

term fluctuations in the daily realized correlation are gradually reflected on the average 

weekly and monthly measures. 

 

Table A11 summarizes regression results for Fisher-Z transformed realized correlation 

between TraHK and HS index futures which are estimated at 15-second, 30-second, 1-

minute, 3-minute and 5-minute intervals. The regression models are estimated by the 

least squares method. R2 of the regressions models decreases from 0.76 at 15-second 

interval to 0.53 at 5-minute interval. Regression results are qualitatively the same as that 

for HS index. Daily realized correlations are negatively related to the lagged daily 

measures and positively related to the lagged average weekly and monthly measures. 

 

Table A12 shows the panel data regression results for Fisher-Z transformed realized 

correlations between HS index constituent stocks and HS index futures for all 

measurement intervals. Panel data regression models are estimated with two-way 

random effect method adjusted for heteroskedasticity. The insignificant Hausman M 

statistic justifies the use of the random effect method. Regression results are qualitatively 
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the same as models for HS index and TraHK. Coefficients for lagged daily realized 

correlations are negative whereas those for lagged average weekly and monthly realized 

correlations are positive. 

 

1.7 Conclusion 

 

Chapter 1 examines the impact of sampling frequency on intraday dynamic relationship 

between HS index futures and individual cash assets. Empirical results suggest that 

realized correlations and lead-lag ratios between index futures and individual cash assets 

increase with length of the measurement intervals as individual cash assets were more 

likely to be traded within longer measurement intervals. Correlation between index 

constituent stocks with weight greater than or equal to 10% and index futures is the 

largest. To the contrary, futures lead over the largest constituent is the smallest. The 

results are consistent with the conjecture that arbitrageurs trade the largest index 

constituent stocks to capitalize on potential market movements. This increases their 

correlation with futures and reduces their lag behind futures. 

 

This chapter applies the tree-HAR models to analyze time series patterns of the realized 

correlations. Regression results show that realized correlations on day t are negatively 

related to daily realized correlations on day t – 1. On the other hand, realized correlations 

on day t are positively related to average weekly and monthly realized correlations 

observed on day t – 1. This motivates further studies to identify explanatory factors for 

time series variations of the realized correlations 
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Table A1 

Constituent stocks of HS index as of 11 November 2011 

 
Commerce and Industry 39.75  

00004 Wharf Holdings 1.12  

00013 Hutchison Whampoa 2.64  

00017 New World Development 0.48  

00019 Swire Pacific 'A' 1.21  

00066 MTR Corporation 0.64  

00144 China Merchant Holdings 0.48  

00151 Want Want China Holdings 0.89  

00267 CITIC Pacific 0.32  

00291 China Resources 0.57  

00293 Cathay Pacific Airways 0.28  

00322 Tingyi (Cayman Islands) Holdings 0.72  

00330 Esprit Holdings 0.23  

00386 Sinopec Corporation 2.33  

00494 Li and Fung 1.46  

00700 Tencent Holdings 3.12  

00762 China Unicom 1.33  

00857 PetroChina 3.80  

00883 CNOOC 4.77  

00941 China Telecom 7.80  

01044 Hengan International Group 0.95  

01088 China Shenhua 2.13  

01199 COSCO Pacific 0.27  

01880 Belle International Holdings 1.23  

01898 China Coal Energy 0.69  

02600 Aluminum Corporation of China 0.29  

Finance 46.20  

00005 HSBC Holdings PLC 15.00  

00011 Hang Seng Bank 1.29  

00023 Bank of East Asia 0.77  

00388 HKEx 2.33  

00939 China Construction Bank 7.01  

01299 American International Assurance 3.57  

01398 Industrial and Commerce Bank of China 5.75  

02318 Ping An 2.21  

02388 Bank of China Hong Kong 1.15  

02628 China Life  2.93  

03328 Bank of Communications 0.74  

03988 Bank of China 3.45  

Properties 8.54  

00001 Cheung Kong Holdings 2.29  

00012 Henderson Land 0.70  
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00016 Sun Hung Kai Properties 2.58  

00083 Sino Land 0.54  

00101 Hang Lung Properties 1.07  

00688 China Overseas Land and Investments 0.97  

01109 China Resources Land 0.39  

Utilities 5.51  

00002 China Light and Power Holdings 2.15  

00003 Hong Kong and China Gas 1.48  

00006 Power Assets (Hong Kong Electric) 1.41  

00836 China Resources Power 0.47  
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Table A2 

Intraday return for HS index futures and the cash assets, January 2006 to December 2011 

 

Asset 15-second 30-second 1-minute 3-minute 5-minute 15-minute 30-minute 

Futures 0% -0.0001% -0.0001% -0.0002% -0.0003% -0.0011% -0.0047% 

t-value (0.1902) (-0.7013) (-0.5491)  (-0.6457) (-0.4669) (-0.6112) (-1.2661) 

Index -0.0001% -0.0001% -0.0002% -0.0004% -0.0004% -0.0006% -0.0023% 

t-value (-2.6912) *** (-2.4478) *** (-1.9895) **  (-1.0907) (-0.6200) (-0.3397) (-0.5932) 

ETF 0% 0% 0% 0% 0% 0% 0% 

t-value (-0.5942) (-0.6194) (-0.6505)  (-0.1599) (-0.6086) (-0.1016) (-0.0918) 

Index stocks        

wit ≥ 10% 0% -0.00002% -0.00003% -0.00002% 0% 0.0007% 0.0002% 

t-value (0.0369) (-0.1525) (-0.0911)  (-0.0265) (0.0009) (0.1520) (0.0163) 

10% > wit ≥ 1% 0% 0.0001% 0.0002% 0.0006% 0.0012% 0.0039% 0.0065% 

t-value (0.2928) (1.1996) (1.3281)  (1.6256) (1.8093) * (2.0684) ** (1.7133) * 

1% > wit -0.0001% -0.0003% -0.0006% -0.0015% -0.0022% -0.0055% -0.0110% 

t-value (-4.2968) (-4.8754) *** (-4.7471) ***  (-4.1705) *** (-3.8111) * (-3.1747) *** (-3.2400) *** 

All index stocks -0.00003% -0.0001% -0.0001% -0.0002% -0.0002% 0.0003% -0.0003% 

t-value (-2.6362) ** (-1.4355) (-1.2426)  (-0.7091) (-0.3547) (0.2428) (-0.1065) 
 
Notes: 
1. H0: μi = 0; H1: μi ≠ 0 
2. * at 90% confidence level; ** at 95% confidence level ; *** at 99% confidence level
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Table A3 
Realized volatility of HS index futures and the cash assets, January 2006 to December 2011 

 

Asset 15-second 30-second 1-minute 3-minute 5-minute 15-minute 30-minute 

Futures 0.0004 0.0007 0.0009 0.0016 0.0020 0.0035 0.0053 

t-value (34.7813) *** (46.6712) *** (52.1964) *** (54.6088) *** (54.1370) *** (53.6031) *** (50.0407) *** 

Index 0.0002 0.0003 0.0005 0.0011 0.0014 0.0024 0.0034 

t-value (97.4337) *** (80.9759) *** (70.2991) *** (64.9701) *** (64.0187) *** (60.7730) *** (53.8955) *** 

ETF 0.0006 0.0008 0.0011 0.0017 0.0022 0.0036 0.0051 

t-value (50.3129) *** (47.9985) *** (45.5332) *** (56.4661) *** (38.9125) *** (50.1932) *** (47.7905) *** 

Index stocks        

wit ≥ 10% 0.0007 0.0009 0.0012 0.0020 0.0026 0.0043 0.0061 

t-value (71.9592) *** (76.4406) *** (87.4077) *** (83.6224) *** (81.9994) *** (78.2707) *** (75.6665) *** 

10% > wit ≥ 1% 0.0007 0.0010 0.0014 0.0025 0.0031 0.0052 0.0073 

t-value (230.7724) *** (254.0013) *** (254.2499) *** (266.6062) *** (257.4890) *** (249.7214) *** (237.1883) *** 

1% > wit 0.0008 0.0012 0.0017 0.0029 0.0037 0.0062 0.0087 

t-value (189.2067) *** (207.0094) *** (209.5189) *** (205.1506) *** (206.3455) *** (197.6306) *** (187.5946) *** 

All index stocks 0.0008 0.0010 0.0015 0.0025 0.0032 0.0054 0.0077 

t-value (305.0601) *** (331.3431) *** (334.8688) *** (339.4338) *** (331.3229) *** (321.8585) *** (306.8012) *** 
 
Notes: 
1. H0: μi > 0; H1: μi ≤ 0 
2. * at 90% confidence level; ** at 95% confidence level ; *** at 99% confidence level
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Table A4 
Realized correlation between HS index and HS index instruments, January 2006 to December 2011 

 

Asset 15-second 30-second 1-minute 3-minute 5-minute 15-minute 30-minute 

Futures 0.1805 0.3326 0.5100 0.7210 0.7762 0.8187 0.7941 

t-value (62.0865) *** (87.7887) *** (121.9902) *** (193.6748) *** (214.7413) *** (222.1751) *** (168.7105) *** 

ETF 0.1243 0.2072 0.3106 0.4800 0.5410 0.6051 0.6026 

t-value (37.5209) *** (48.9916) *** (59.9004) *** (80.9754) *** (86.7886) *** (87.2324) *** (74.3267) *** 

Index stocks        

wit ≥ 10% 0.1897 0.2776 0.37556 0.5059 0.5396 0.5447 0.5098 

t-value (82.7919) *** (100.5075) *** (122.3227) *** (156.5124) *** (163.1432) *** (138.9365) *** (102.2120) *** 

10% > wit ≥ 1% 0.1195 0.1767 0.2414 0.3446 0.3809 0.3565 0.3897 

t-value (172.8397) *** (205.5570) *** (238.5937) *** (290.2472) *** (303.1303) *** (232.5875) *** (204.1812) *** 

1% > wit 0.0838 0.1213 0.1660 0.2433 0.2760 0.2733 0.3119 

t-value (109.2016) *** (131.0557) *** (155.6543) *** (183.6569) *** (187.5821) *** (148.5144) *** (128.6910) *** 

All index stocks 0.1111 0.1631 0.2227 0.3181 0.3528 0.3343 0.3691 

t-value (214.4373) *** (253.6219) *** (294.3741) *** (352.4475) *** (366.1390) *** (289.2037) *** (253.7020) *** 
 
Notes: 
1. H0: μi = 0; H1: μi ≠ 0 
2. * at 90% confidence level; ** at 95% confidence level ; *** at 99% confidence level
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Table A5 
Realized correlation between HS index futures and the cash assets, January 2006 to December 2011 

 

Asset 15-second 30-second 1-minute 3-minute 5-minute 15-minute 30-minute 

Index 0.1805 0.3326 0.5100 0.7210 0.7762 0.8187 0.7941 

t-value (62.0865) *** (87.7887) *** (121.9902) *** (193.6748) *** (214.7413) *** (222.1751) *** (168.7105) *** 

ETF 0.2123 0.2885 0.3690 0.5091 0.5613 0.6463 0.6634 

t-value (44.5580) *** (49.2131) *** (56.2774) *** (73.9863) *** (79.4085) *** (82.1451) *** (72.2208) *** 

Index stocks        

wit ≥ 10% 0.0701 0.1453 0.2394 0.3877 0.4355 0.4829 0.5203 

t-value (64.9196) *** (81.8088) *** (95.9644) *** (125.2774) *** (130.4704) *** (117.2176) *** (94.5834) *** 

10% > wit ≥ 1% 0.0424 0.0840 0.1400 0.2487 0.2934 0.3565 0.3948 

t-value (124.0469) *** (156.0510) *** (182.2458) *** (231.8934) *** (243.179) *** (232.5875) *** (191.9523) *** 

1% > wit 0.0285 0.0538 0.0882 0.1657 0.2044 0.2733 0.3144 

t-value (77.3130) *** (100.8823) *** (118.8926) *** (149.9961) *** (153.5259) *** (148.5144) *** (123.7414) *** 

All index stocks 0.0391 0.0770 0.1276 0.2275 0.2701 0.3343 0.3736 

t-value (156.2841) *** (196.2310) *** (227.2133) *** (286.3845) *** (299.0424) *** (289.2037) *** (240.6774) *** 
 
Notes: 
1. H0: μi = 0; H1: μi ≠ 0 
2. * at 90% confidence level; ** at 95% confidence level ; *** at 99% confidence level 
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Table A6 
Lead-lag Ratio between HS index futures and the cash assets, January 2006 to December 2011 

 

Asset 15-second 30-second 1-minute 3-minute 5-minute 

Index 1.6946 1.8766 2.0581 1.7817 2.0361 

t-value (78.1025) *** (61.4482) *** (52.1762) *** (27.8912) *** (12.4212) *** 

ETF 1.1843 1.2200 1.3194 1.7414 2.2895 

t-value (8.7590) *** (9.3456) *** (11.1804) *** (10.2454) *** (8.5719) *** 

Index stocks      

wit ≥ 10% 1.0533 1.0916 1.2351 1.7582 2.6296 

t-value (5.2687) *** (8.0854) *** (15.0770) *** (19.9555) *** (13.3420) *** 

10% > wit ≥ 1% 1.2370 1.2663 1.4042 2.0012 2.8683 

t-value (58.0810) *** (57.9650) *** (66.1356) *** (53.3577) *** (38.4017) *** 

1% > wit 1.3204 1.3455 1.4704 2.1143 2.9743 

t-value (58.6836) *** (56.2382) *** (58.3025) *** (46.6661) *** (31.4176) *** 

All index stocks 1.2552 1.2835 1.4170 2.0263 2.8911 

t-value (81.1450) *** (80.2121) *** (89.1200) *** (73.3676) *** (51.3379) *** 
 
Notes: 
1. H0: μi > 1; H1: μi ≤ 1 
2. * at 90% confidence level; ** at 95% confidence level ; *** at 99% confidence level 
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Table A7 
Realized correlations between HS index and HS index instruments, January 2006 to December 2011 

 
Sampling frequency Mean Std. Dev. Skewness Kurtosis Maximum Median Minimum 
15-second        
Index futures 0.1804 0.1119 0.3478 -0.2409 0.6091 0.1777 -0.0698 
ETF 0.1243 0.1275 0.8421 2.5083 0.7400 0.1006 -0.5143 
Index stocks        
wit ≥ 10% 0.1897 0.1497 0.1603 0.4977 0.8112 0.1860 -0.5338 
10% > wit ≥ 1% 0.1195 0.1267 0.5010 1.4664 0.7265 0.1033 -0.5572 
1% > wit 0.0838 0.1155 0.6344 2.7137 0.7104 0.0688 -0.5324 
All index stocks 0.1111 0.1274 0.5728 1.6332 0.8112 0.0918 -0.5572 
30-second        
Index futures 0.3326 0.1459 -0.1900 -0.4530 0.7445 0.3479 -0.0595 
ETF 0.2072 0.1628 0.5411 0.4874 0.8014 0.1893 -0.5139 
Index stocks        
wit ≥ 10% 0.2776 0.1804 -0.1032 -0.2280 0.8721 0.2852 -0.5485 
10% > wit ≥ 1% 0.1767 0.1576 0.2943 0.1783 0.8281 0.1606 -0.5795 
1% > wit 0.1213 0.1392 0.3666 1.1967 0.7848 0.1062 -0.5823 
All index stocks 0.1631 0.1582 0.3764 0.3928 0.8721 0.1422 -0.5823 
1-minute        
Index futures 0.5100 0.1609 -0.7818 0.4801 0.8920 0.5374 -0.1120 
ETF 0.3106 0.1996 0.1006 -0.3621 0.8851 0.3111 -0.4085 
Index stocks        
wit ≥ 10% 0.3756 0.2005 -0.3765 -0.3170 0.9085 0.4021 -0.4789 
10% > wit ≥ 1% 0.2414 0.1855 0.1054 -0.3753 0.8727 0.2301 -0.5374 
1% > wit 0.1660 0.1604 0.1583 0.3563 0.8346 0.1553 -0.5344 
All index stocks 0.1707 0.1854 1.1867 2.4490 0.9780 0.1310 -0.7625 
3-minute        
Index futures 0.7210 0.1433 -1.5750 3.5684 0.9547 0.7549 -0.0858 
ETF 0.4800 0.2282 -0.5341 0.0822 0.9439 0.5084 -0.5545 
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Index stocks        
wit ≥ 10% 0.5059 0.2111 -0.8432 0.8179 0.9521 0.5442 -0.6592 
10% > wit ≥ 1% 0.3446 0.2177 -0.2230 -0.2769 0.9245 0.3494 -0.7162 
1% > wit 0.2433 0.1992 -0.1257 0.0997 0.8910 0.2419 -0.6812 
All index stocks 0.3181 0.2220 -0.1237 -0.2466 0.9521 0.3164 -0.7162 
5-minute        
Index futures 0.7762 0.1391 -1.8725 5.0156 0.9733 0.8108 -0.0052 
ETF 0.5410 0.2400 -0.8593 0.9351 0.9527 0.5851 -0.7056 
Index stocks        
wit ≥ 10% 0.5396 0.2160 -1.0409 1.7062 0.9580 0.5798 -0.7856 
10% > wit ≥ 1% 0.3809 0.2303 -0.4010 0.0321 0.9362 0.3945 -0.7814 
1% > wit 0.2760 0.2213 -0.2920 0.1506 0.8720 0.2803 -0.8056 
All index stocks 0.3528 0.2370 -0.3186 -0.0314 0.9580 0.3614 -0.8056 
15-minute        
Index futures 0.8187 0.1419 -1.6802 3.6683 0.9924 0.8590 0.0834 
ETF 0.6051 0.2670 -1.0133 1.1295 0.9864 0.6631 -0.7893 
Index stocks        
wit ≥ 10% 0.5447 0.2561 -1.0617 1.6120 0.9686 0.5938 -0.8430 
10% > wit ≥ 1% 0.4079 0.2787 -0.5842 0.1788 0.9801 0.4351 -0.8948 
1% > wit 0.3161 0.2870 -0.4513 -0.0738 0.9419 0.3383 -0.8479 
All index stocks 0.3832 0.2871 -0.5427 0.0621 0.9801 0.4096 -0.8948 
30-minute        
Index futures 0.7941 0.1812 -1.3868 1.9166 0.9964 0.8518 -0.0959 
ETF 0.6026 0.3120 -1.1595 1.7996 0.9959 0.6710 -0.8895 
Index stocks        
wit ≥ 10% 0.5097 0.3257 -1.0878 1.4032 0.9885 0.5723 -0.9268 
10% > wit ≥ 1% 0.3897 0.3498 -0.6892 0.1852 0.9970 0.4332 -0.9501 
1% > wit 0.3119 0.3644 -0.5467 -0.1167 0.9874 0.3475 -0.9585 
All index stocks 0.3691 0.3577 -0.6543 0.0828 0.9970 0.4120 -0.9585 
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Table A8 
Realized correlations between HS index futures and individual cash assets, January 2006 to December 2011 

 
Sampling frequency Mean Std. Dev. Skewness Kurtosis Maximum Median Minimum 
15-second        
Index 0.1804 0.1119 0.3478 -0.2409 0.6091 0.1777 -0.0698 
ETF 0.2128 0.1839 0.2793 -0.7314 0.7637 0.2346 -0.2485 
Index stocks        
wit ≥ 10% 0.0701 0.0706 0.3718 0.6762 0.4501 0.0643 -0.2802 
10% > wit ≥ 1% 0.0423 0.0626 0.5900 1.4307 0.4800 0.4800 -0.3560 
1% > wit 0.0285 0.0554 0.3700 1.9694 0.3671 0.0241 -0.3662 
All index stocks 0.0391 0.0615 0.5650 1.5845 0.4800 0.0326 -0.3662 
30-second        
Index 0.3326 0.1459 -0.1900 -0.4530 0.7445 0.3479 -0.0595 
ETF 0.2885 0.2257 0.1318 -0.9458 0.8655 0.3254 -0.1891 
Index stocks        
wit ≥ 10% 0.1453 0.1160 0.1653 -0.2963 0.6846 0.1433 -0.2387 
10% > wit ≥ 1% 0.0840 0.0987 0.5463 0.4500 0.5858 0.0725 -0.3438 
1% > wit 0.0538 0.0802 0.4601 1.1173 0.4937 0.0472 -0.3604 
All index stocks 0.0770 0.0966 0.6182 0.7100 0.6846 0.0646 -0.3604 
1-minute        
Index 0.5100 0.1609 -0.7818 0.4801 0.8920 0.5374 -0.1120 
ETF 0.3690 0.2524 -0.0130 -0.9654 0.9322 0.4085 -0.2484 
Index stocks        
wit ≥ 10% 0.2394 0.1629 -0.0572 -0.5764 0.8901 0.2480 -0.2841 
10% > wit ≥ 1% 0.1400 0.1408 0.4015 -0.1226 0.7711 0.1246 -0.3397 
1% > wit 0.0882 0.1116 0.3895 0.4811 0.7293 0.0794 -0.3488 
All index stocks 0.1276 0.1382   0.5190   0.1483 0.8901 0.1096 -0.3488 
3-minute        
Index 0.7210 0.1433 -1.5750 3.5684 0.9547 0.7549 -0.0858 
ETF 0.5091 0.2649 -0.4448 -0.6249 0.9831 0.5658 -0.3447 
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Index stocks        
wit ≥ 10% 0.3877   0.2021 -0.4722 -0.3085 0.9306 0.4128 -0.3126 
10% > wit ≥ 1%    0.2487 0.1966 0.0235 -0.4890 0.8910 0.2444 -0.4360 
1% > wit 0.1657 0.1662 0.0751 -0.0660 0.8510 0.1614 -0.4618 
All index stocks 0.2275 0.1953 0.1341 -0.3721 0.9306 0.2173 -0.4618 
5-minute        
Index 0.7762 0.1391 -1.8725 5.0156 0.9733 0.8108 -0.0052 
ETF 0.5613 0.2721 -0.7222 -0.1223 0.9908 0.6260 -0.3492 
Index stocks        
wit ≥ 10% 0.4355 0.2180 -0.7340   0.2459 0.9016 0.4734 -0.5379 
10% > wit ≥ 1% 0.2934 0.2211 -0.2104 -0.3624 0.9037 0.3012 -0.6331 
1% > wit 0.2044    0.2003   -0.1269 -0.1710 0.8727 0.2071 -0.5853 
All index stocks 0.2701 0.2222 -0.1241 -0.3580 0.9037 0.2732 -0.6331 
15-minute        
Index 0.8187 0.1419 -1.6802 3.6683 0.9924 0.8590 0.0834 
ETF 0.6463 0.3029 -1.2564 1.2563 0.9977 0.7425 -0.7043 
Index stocks        
wit ≥ 10% 0.4829 0.2691 -0.9211 0.6000 0.9518 0.5400 -0.7580 
10% > wit ≥ 1% 0.3565 0.2810 -0.5071 -0.1398 0.9576 0.3868 -0.8323 
1% > wit 0.2733 0.2767 -0.3561 -0.2766 0.9401 0.2921 -0.7593 
All index stocks 0.3343 0.2843 -0.4451 -0.2335   0.9576 0.3621 -0.8323 
30-minute        
Index 0.7941 0.1812 -1.3868 1.9166 0.9964 0.8518 -0.0959 
ETF 0.6634 0.3535 -1.5863 2.1701 0.9989 0.7911 -0.8044 
Index stocks        
wit ≥ 10% 0.5203 0.3593 -1.1749 0.9073 0.9866 0.6239 -0.8669 
10% > wit ≥ 1% 0.3948 0.3770 -0.7767 -0.0114 0.9899 0.4694 -0.9602 
1% > wit 0.3144 0.3820 -0.6052 -0.2655 0.9909 0.3714 -0.9632 
All index stocks 0.3736 0.3817 -0.7207   -0.1153 0.9909 0.4452 -0.9632 
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Table A9 
Lead-lag ratio between HS index futures and individual cash assets, January 2006 to December 2011 

 
Sampling frequency Mean STD Skewness Kurtosis Maximum Median Minimum 
15-second        
Index 1.6946 0.8353 2.0870 6.5929 7.0098 1.5153 0.2505 
ETF 1.1843 0.8098 2.5570 15.9633 9.7615 1.0154 0.0009 
Index stocks        
wit ≥ 10% 1.0533 0.6606 3.5602 29.3939 10.1837 0.9620 0.0121 
10% > wit ≥ 1% 1.2370 0.7467 2.6529 15.8034 11.3588 1.0985 0 
1% > wit 1.3204 0.8202 2.3939 11.4754 11.1133 1.1476 0 
All index stocks 1.2552 0.7725 2.5879 14.3306 11.3588 1.1062 0 
30-second        
Index 1.8766 1.1757 2.0239 5.8714 9.5890 1.5507 0.2452 
ETF 1.2200 0.9059 1.8119 5.5004 8.2160 0.9882 0.0013 
Index stocks        
wit ≥ 10% 1.0917 0.7404 2.6662 16.3933 10.6425 0.9467 0.0066 
10% > wit ≥ 1% 1.2663 0.8418 2.5406 13.7599 14.0504 1.0890 0 
1% > wit 1.3455 0.9233 2.4280 11.5677 12.8566 1.1382 0 
All index stocks 1.2835 0.8691 2.5120 12.9886 14.0504 1.0962 0 
1-minute        
Index 2.0581 1.5185 2.4869 9.9578 14.1931 1.6459 0.2350 
ETF 1.3194 1.0996 2.4793 12.4215 11.4994 1.0443 0 
Index stocks        
wit ≥ 10% 1.2351 1.0183 3.1486 22.2107 16.3032 0.9897 0.0089 
10% > wit ≥ 1% 1.4042 1.1204 2.8587 16.3272 18.0807 1.1174 0 
1% > wit 1.4704 1.2126 2.9239 16.6841 17.9614 1.1554 0 
All index stocks 1.4170 1.1505 2.9138 16.9121 18.0807 1.1215 0 
3-minute        
Index 1.7817 2.4592 7.6533 100.2848 47.5944 1.1817 0.0397 
ETF 1.8702 2.5583 4.9038 38.2681 33.5370 1.1014 0.0001 
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Index stocks        
wit ≥ 10% 1.7582 2.4816 5.2561 44.4400 38.6320 1.0271 0.0063 
10% > wit ≥ 1% 2.0012 3.4394 14.1436 470.3760 193.2630 1.1307 0 
1% > wit 2.1143 3.5892 10.1986 199.5080 116.8070 1.1667 0 
All index stocks 2.0263 3.4396 12.3383 350.7780 193.2630 1.1364 0 
5-minute        
Index 2.0361 6.3103 12.8633 196.9523 115.3530 0.9751 0.0004 
ETF 2.2895 5.7910 8.9087 99.3422 86.0296 0.9368 0 
Index stocks        
wit ≥ 10% 2.6296 7.9775 13.1658 243.5030 190.2080 0.9385 0.0033 
10% > wit ≥ 1% 2.8683 8.9177 19.1320 657.8090 525.4910 1.0600 0 
1% > wit 2.9743 9.4461 17.4665 498.3210 458.6950 1.1009 0 
All index stocks 2.8911 9.0574 18.1880 574.2120 525.4910 1.0649 0 
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Table A10 
Realized correlation between HS index and HS index futures, January 2006 to 

December 2011 
 

Model: ρht̃ = a + b1ρht−1̃+b2ρht−1
W̃ + b3ρht−1

M̃  
Where 
ρht̃ is Fisher-Z transformed realized correlation between HS index and HS index futures 
on day t 
ρht−1̃  is daily Fisher-Z transformed realized correlation between returns of HS index 
futures and HS index on day t − 1 

ρht−1
W̃  is average weekly Fisher-Z transformed realized correlation between returns of HS 

index futures and HS index on day t − 1 

ρht−1
M̃  is average monthly Fisher-Z transformed realized correlation between HS index 

futures and HS index on day t − 1 
 
Parameters 15-second 30-second 1-minute 3-minute 5-minute 

n 1,482 1,482 1,482 1,482 1,482 
F 868.38 819.31 727.82 460.65 368.78 
Pr > F (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 

R2 0.6382 0.6246 0.5965 0.4834 0.4283 
Intercept -0.0003  0.0002 -0.0014 0.0006 
t-value (-0.07) (0.00) (0.01) (-0.05) (0.01) 
ρht−1̃ -0.1736 -0.1867 -0.1958 -0.1991 -0.1917 
t-value (-6.25) *** (-6.72) *** (-7.05) *** (-7.25) *** (-7.09) *** 

ρht−1
W̃  0.8589 0.8720 0.8535 0.8415 0.9361 

t-value (15.66) *** (15.85) *** (15.10) *** (14.15) *** (15.72) *** 

ρht−1
M̃  0.3170 0.3151 0.3423 0.3593 0.2552 

t-value (6.14) *** (6.05) *** (6.32) *** (5.97) *** (4.05) *** 
 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 
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Table A11 
Realized correlation between TraHK and index futures, January 2006 to 

December 2011 
 

Model: ρet̃ = a + b1ρet−1̃+b2ρet−1
W̃ + b3ρet−1

M̃  
Where 
ρet̃ is Fisher-Z transformed realized correlation between TraHK and HS index futures on 
day t 
ρet−1̃  is daily Fisher-Z transformed realized correlation between TraHK and HS index 
futures on day t − 1 

ρet−1
W̃ is average weekly Fisher-Z transformed realized correlation between TraHK and HS 

index futures on day t − 1 

ρet−1
M̃  is average monthly Fisher-Z transformed realized correlation between TraHK and 

HS index futures on day t − 1 
 
Parameters 15-second 30-second 1-minute 3-minute 5-minute 

n 1,482 1,482 1,482 1,482 1,482 
F 1,523.68 1,792.98 1,419.07 797.32 547.42 
Pr > F (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 

R2 0.7558 0.7846 0.7424 0.6182 0.5265 
Intercept 0.0003 0.0006 0.0011 0.0018 0.0018 
t-value (0.09) (0.13) (0.14) (0.13) (0.10) 
ρet−1̃ -0.1408 -0.1734 -0.2197 -0.2375 -0.2137 
t-value (-5.02) *** (-6.15) *** (-7.84) *** (-8.59) *** (-7.75) *** 

ρet−1
W̃  0.8409 0.8866 0.9101 0.9204 0.8841 

t-value (15.24) *** (16.68) *** (17.01) *** (16.77) *** (15.50) *** 

ρet−1
M̃  0.2992 0.2856 0.3079 0.3150 0.3278 

t-value (5.99) *** (6.04) *** (6.37) *** (6.02) *** (5.78) *** 
 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance  
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Table A12 
Realized correlation between HS index constituent stocks and HS index futures, 

January 2006 to December 2011 
 

Model: ρit̃ = a + b1ρit−1̃+b2ρit−1
W̃ + b3ρit−1

M̃  
Where 
ρit̃ is Fisher-Z transformed realized correlation between stock i and HS index futures on 
day t 
ρit−1̃  is daily Fisher-Z transformed realized correlation between stock i and HS index 
futures on day t − 1 

ρit−1
W̃  is average weekly Fisher-Z transformed realized correlation between stock i and HS 

index futures on day t − 1 

ρit−1
M̃  is average monthly Fisher-Z transformed realized correlation between stock i and 

HS index futures on day t − 1 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 

Time series 1,482 1,482 1,482 1,482 1,482 
Cross section 56 56 56 56 56 
Hausman M 0.07 0.03 0.03 0.01 9.58 
Pr > M (0.9674) (0.9842) (0.9842) (0.9941) (0.0225) 
Intercept 0.0002 0.0001 -0.0002 -0.0011 -0.0001 
t-value (0.38) (0.07) (-0.16) (-0.31) (-6.44) *** 
ρit−1̃ -0.2151 -0.2119 -0.2124 -0.2153 -0.2141 
t-value (-23.49) *** (-24.96) *** (-30.11) *** (-30.64) *** (-1,483.40) *** 

ρit−1
W̃  0.8934 0.9037 0.9062 0.9115 0.8951 

t-value (60.53) *** (61.10) *** (78.23) *** (70.93) *** (2,915.53) *** 

ρit−1
M̃  0.3207 0.3047 0.3217 0.3364 0.3617 

t-value (27.63) *** (27.16) *** (31.22) *** (30.71) *** (1,494.19) *** 
 
Notes: 
1. The panel data regression models are estimated by two-way random effect method with Arellano 

(1987) version of White (1980) Heteroscedasticity-Correlated Covariance Matrices 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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CHAPTER 2 

THE IMPACT OF MARKET CONDITIONS AND SINGLE ASSET 

CHARACTERISTICS ON THE INTRADAY CORRELATIONS BETWEEN 

INDEX FUTURES AND INDIVIDUAL CASH ASSETS 
 

2.1 Introduction 

 

This chapter tests how and to what extent different market conditions and single asset 

characteristics affect the intraday correlation between HS index futures and individual 

cash assets. Index weight of individual HS index constituent stock represents the 

likelihood of the stock to be included in proxy portfolios. Index constituent stocks with 

higher index weight are more likely to be used in proxy arbitrage given their significant 

impact on index value changes. Relative turnover of individual cash asset, compared with 

that of either HS index futures or HS index portfolio, is a proxy for the asset’s trading 

frequency. A cash asset with higher relative turnover implies that it is traded more 

frequently. Liquidity (market impact cost) of individual cash asset is measured by its 

percentage bid-ask spread as trading an asset with lower bid-ask spread reduces market 

impact cost. The amount of idiosyncratic information available to individual cash asset is 

revealed by its relative volatility compared with the HS index futures. A cash asset with 

higher volatility relative to futures suggests that trading of the asset is driven more by 

idiosyncratic information. Open-to-close return of HS index represents general market 

movements and open-to-close return of a cash asset is used to proxy short-selling 

capability of the asset. Short-sale constraints impede the price adjustments of a cash asset 

in down markets. 

 

Empirical results of Chapter 1 show that realized correlation between the largest HS 

index constituent stocks and HS index futures is the strongest whereas the futures have 

the smallest lead over the largest stocks. This is solid evidence that the largest HS index 

constituent stocks are more actively traded, highly liquid, with lower market impact costs 

and more capable to be short-sold. This chapter extends on the analyses of Chapter 1 by 

quantifying the impact of market conditions and single assets characteristics on intraday 

correlation between HS index futures and individual cash assets. The daily realized 

correlations between futures and an individual cash asset are regressed on a set of 

variables representing market conditions and single asset characteristics. Regression 

results show that intraday realized correlations between HS index futures and individual 

cash assets are positively related to index weight, relative turnover and volatility ratio but 

negatively related to percentage bid-ask spreads and HS index open-to-close returns. The 

findings shed lights on how and to what extent market conditions and single asset 

characteristics affect cross-sectional variations in the intraday realized correlations. 
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2.2 Literature Review 

 

Chapter 2 reviews relevant studies on the impact of proxy portfolio, non-synchronous 

trading, liquidity, idiosyncratic information and regulatory restrictions on dynamics 

between futures and cash asset prices. 

 

2.2.1 Proxy portfolio 

 

Arbitrageurs construct proxy portfolios to increase execution efficiency of arbitrage 

trades. Sofianos (1993) finds that arbitrageurs use only 280 S&P500 index constituent 

stocks to conduct arbitrage on average and 8% of the arbitrage trades use less than 70 

index constituent stocks. Fung and Draper (2002) have similar findings where 

arbitrageurs in Hong Kong use only 22 out of the 33 HS index constituent stocks for index 

arbitrage trading. Corielli and Marcellino (2006) use Principal Component Analysis (PCA) 

to identify statistical factors driving changes of a particular benchmark and build tracking 

portfolio with the identified factors. This approach is more flexible as it can incorporate 

common constraints imposed on fund managers including the popular tracking error 

volatility measure. The authors simulate performance of this tracking portfolio with daily 

closing prices of EuroStoxx50 for the period from January 1997 to June 2000. The 

tracking portfolio constructed by PCA has superior performances in terms of tracking 

errors over model estimated by the Ordinary Least Squares (OLS) method. The use of 

proxy portfolios for index arbitrage trading is an important factor explaining differences 

in intraday realized correlations between individual index constituent stocks and index 

futures. 

 

2.2.2 Non-synchronous trading 

 

MacKinlay and Ramaswamy (1988) study the lead-lag relationship between S&P500 

index futures and index price changes. They analyze the intraday S&P500 index futures 

transaction prices and S&P500 index quotes between April 1982 and June 1987. If the 

price changes are measured at 15-minute interval, auto-correlation exists in the S&P500 

index returns series due to non-synchronous trading of the index constituent stocks. 

Auto-correlation disappears if price changes are measured at 60-minute interval. This 

implies that changes in the S&P500 index values are less volatile than price changes of 

the S&P500 index futures. Differences in volatilities continue to exist even after removing 

the auto-correlation in the S&P500 index return series. The authors test two hypotheses 

with their empirical findings. The first hypothesis states that, in general, mispricing of 

index futures contracts increases with maturity. The second one states that mispricing is 

path-dependent. Evidences support the two hypotheses and indicate that potential 

arbitrage opportunities are exploitable with appropriate strategies. The study confirm 
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that non-synchronous trading is one of the underlying causes of the lead-lag relationship 

between S&P500 index futures and index price changes. 

 

Harris (1989) examines the relationship between auto-correlation of index returns and 

non-synchronous trading of the index constituent stocks. He analyzes five-minute 

changes in the S&P5000 index futures and index returns between 12 and 23 October 

1987, which is the 10 trading days before the stock market crash. He corrects for non-

synchronous trading of the S&P500 index constituent stocks by re-constructing the cash 

index with updated stock prices. The adjustment alleviates the induced lead of futures 

returns over the cash index returns caused by stale stock prices. Empirical results 

indicate that the adjusted index returns have greater contemporaneous correlation with 

futures returns than the reported index. However, the basis between index futures prices 

and the adjusted index values are still significant in some cases after adjusting for non-

synchronous trading of the index constituent stocks. Obviously, price adjustments of the 

whole index portfolio still lag behind index futures price changes even if all index 

constituent stocks are traded within a particular measurement interval. One of the 

possible reasons is that the cash market trading mechanism is paralyzed during the crisis 

period when traders try to liquidate their positions at the same time. Although the study 

cannot find conclusive evidences for the underlying causes of a market crash, it cracks 

the relationship between non-synchronous trading and the efficiency of the cash market. 

 

Stoll and Whaley (1990) examine the relative informational efficiency of the futures and 

cash market. The authors test the lead-lag relationship between futures and cash returns 

with sample data from three sets of instruments:  

1) S&P500 index and corresponding futures contracts traded on the Chicago Mercantile 

Exchange (CME), 

2) Major Market Index (MMI) and corresponding futures contracts traded on the Chicago 

Board of Trade (CBOT), and 

3) IBM, one of the most liquid S&P500 index constituent stocks, traded on the New York 

Stock Exchange (NYSE). 

 

Original and adjusted cash asset return series, purged from non-synchronous trading and 

bid-ask bounces, are used to estimate lead-lag regression models for futures and cash 

assets. Regression results indicate that S&P500 and MMI futures returns lead underlying 

index returns by 5 to 10 minutes. Index futures returns also lead IBM returns. The 

adjusted cash asset returns produce similar results except that the regression coefficients 

are smaller. Their results support the conjecture that futures markets react faster to new 

information than cash markets. 
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Miller, Muthuswamy and Whaley (1994) investigate the relationship between mean 

reversion in index basis changes and non-synchronous trading of the index constituent 

stocks. Apparent discrepancies between index futures and index prices are not 

exploitable as they are short-lived illusions. The discrepancies vanish when stale prices 

of the index constituent stocks are updated. The authors test the conjecture with three 

sets of sample data. The first set is time-stamped sales data for the S&P500 index and 

corresponding futures contracts traded on CME during 21 April 1982 to 31 March 1991. 

The second set is time-stamped sales data for 23 Value Line index futures contracts and 

the underlying index traded on KCBT between 1 September 1982 and 1 March 1988. The 

third set is program trading volume recorded on the NYSE. A program trade is one with 

market value greater than USD 1 million and simultaneous long or short 15 or more 

different stocks. The results show that index basis remains statistically significant even if 

stock prices are updated continuously. Although the findings are quite different from the 

conjecture, the study still indicate that non-synchronous trading of index constituent 

stocks is one of the significant factors underpinning price discrepancies between index 

futures and the cash index. 

 

2.2.3 Liquidity 

 

Koutmos and Tucker (1996) analyze the daily S&P500 index futures and index prices for 

the period from 1 April 1984 to 31 December 1993. The authors find that the correlation 

between S&P500 index futures and index returns diminished during the period around 

the October 1987 market crash. They also find that the volatilities of the futures market 

are unaffected by bad news. This implies that abnormal trading activities during the crisis 

period distort dynamic relationship between futures and cash markets. Their findings 

suggest that the level of trading activities is an important factor driving the time-varying 

covariance structure between futures and cash markets. 

 

Chordia, Roll and Subrahmanyam (2001) study the relationship between market liquidity 

and trading activity. The spread (market liquidity) and transaction volume (trading 

activity) measures are highly correlated over the 10-year period from 1988 to 1998. 

Negative first-order auto-correlation is prominent in the time series of spread and volume 

variables. The authors find significant inter-dependence between market liquidity and 

trading activity measures. Spreads increase more in down markets and decrease less in 

up markets. Effective spreads and differences between execution price and previous mid-

quote respond to equity market returns, recent market trends and volatility. Depth and 

trading activity exhibit significant reversals on specific dates such as: an increase around 

major holidays and a decrease prior to announcement of GDP and unemployment rates. 

The study shows that market liquidity and trading activity are highly correlated and 

jointly affect the dynamics of futures and cash returns. 
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Roll, Schwartz and Subrahmanyam (2007) examine the relationship between liquidity 

and the basis. The authors test the relationship with the daily data of the NYSE composite 

index futures and the index for the period from January 1988 to December 2002. They 

find evidences that the basis mean revert faster if the stock market is liquid over the 

lifetime of a futures contract. Two-way Granger causality exists between the 3-month 

absolute basis and the effective spreads. Shocks to the absolute bases have significant 

predictive power for bid-ask spreads on the following day. Liquidity shocks are capable 

of forecasting future shifts in the long-term basis. This implies that liquidity had greater 

influence on pricing of the relatively more illiquid longer term index futures contracts. 

 

Chordia, Roll and Subrahmanyam (2008) find evidences that daily market liquidity and 

intraday market efficiency are intimately linked. Market liquidity undermines the 

capability of lagged order flows to forecast stock returns. Reduction in the minimum tick 

size enhances market efficiency and results in lower bid-ask spreads. Variance ratio test 

based on intraday and daily mid-quote returns indicate that stock prices closely resemble 

the random walk benchmark in the decimal regime which has a higher level of liquidity. 

The study suggest that liquidity improvements following tick size reductions increase 

informational efficiency of the market and enable better incorporation of private 

information into prices. 

 

Chordia, Roll and Subrahmanyam (2011) study the relationship between trading activity 

and market efficiency. The authors analyze Trade and Quote (TAQ) data for NYSE-listed 

stocks between 1993 and 2008. They find that the aggregate turnover increase 

significantly over the sample period and smaller trades comprise a larger portion of the 

aggregate turnover. More importantly, most of the smaller trades are concentrated in 

stocks with the greatest institutional holdings. Empirical tests show that information-

based trading of institutional investors is a significant contributor to the increase in 

turnover. The authors conclude that greater amount of institutional trading increase 

market efficiency as their results indicate that cross-sectional predictability of stock 

returns decreased significantly over time. This paper finds evidences that the level of 

institutional holdings drives cross-sectional variations in turnover of individual stocks. 

 

Li (2011) investigates the relationship between stock market liquidity and return 

volatility of index futures. The author analyzes sample data for S&P500 index futures and 

corresponding cash market trading volume for the 25-year period between 1980 and 

2005. He finds significant evidences that the daily volatilities of the S&P500 index futures 

prices are inversely related to cash market liquidity. The relationship strengthens in crisis 

period and remains significance after controlled for bid-ask bounces and trading volumes 

of the index futures contracts. The study provides empirical evidences that cash market 

trading volume affects futures volatility. 
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Lien, Lim, Yang and Zhou (2013) analyze the dynamic relationship between liquidity 

conditions represented by bid-ask spread of S&P500 index constituent stocks and 

changes in the S&P500 futures-cash basis. The authors test the relationship with sample 

data for the period from 1 January 2002 and 31 December 2008. They find a time-varying 

relationship between liquidity and basis. Futures-cash basis exhibits asymmetric 

responses to changes in market liquidity. Decreases in market liquidity are associated 

with increases in the basis. However, the reverse is not always the case. 

 

2.2.4 Idiosyncratic information 

 

Ross (1989) provides mathematical proof for the relationship between asset price 

volatility and rate of information flow. One of the important theorems in his paper is “the 

variance of price change equals the rate of information flow”. An asset with higher return 

volatility has greater level of information flow. This justifies the use of volatility ratios 

between individual cash asset and index futures as a proxy for the amount of idiosyncratic 

information available to the cash asset.  

 

Fremault (1991) evaluates contributions of index arbitrage based on the rational 

expectations hypothesis. The author develops a static model to analyze the impact of 

index arbitrage trading on information flow between futures and cash markets. His model 

implies that index arbitrage trading facilitates transmission of information from futures 

to cash market, or vice versa. Index arbitrage reduces information asymmetry between 

traders and contributes to align trading activities in futures and cash markets by 

offsetting order imbalances. The study provides theoretical support to the conjecture that 

index arbitrage enhances information flow between futures and cash markets. 

 

Chan (1992) analyzes the dynamics between returns of S&P500, MMI, MMI futures and 

20 MMI constituent stocks. He hypothesizes that futures and cash market have access to 

asymmetric information. As a result, futures and cash markets exhibit differential 

adjustment speeds in response to good and bad news, relative trading intensity of the two 

markets and market-wide movements. He tests the hypotheses by estimating lead-lag 

regression models with 5-minute futures and adjusted cash return series. The author 

finds that index futures returns lead the returns of all MMI component stocks. Cash index 

prices react faster to bad news when short-sale constraints have minimal impact on 

marginal arbitrageurs who are net long in stocks. The lead-lag relationship between 

futures and cash markets is unaffected by relative trading intensity of the two markets. 

Greater market-wide movements cause greater feedback from futures to cash market. In 

summary, bad news and general market movements strengthen the relationship between 

futures and cash markets. 
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Chan and Chung (1993) investigate the intraday temporal relationships between 

arbitrage spreads, cash and futures price volatility and cash market trading volumes of 

the MMI index futures and 20 MMI component stocks. The authors want to find the 

causation between arbitrage spreads and intraday volatility of futures and cash markets. 

They construct two opposing hypotheses to test the relationship. The null hypothesis 

state that increases in arbitrage spreads lead to subsequent increases in volatility of 

futures and cash markets. The alternative hypothesis state that higher intraday market 

volatility lead to increases in arbitrage spreads. The authors use the 5-minute futures and 

cash return series to estimate a set of regression models. Regression results are 

consistent with the null hypothesis. This indicates that index arbitrage trading drive price 

changes and volatilities of futures and cash assets. 

 

Frino, Walter and West (2000) analyze data for Share Price Index (SPI) futures traded on 

the Australian Securities Exchange (ASX) and the All Ordinaries Index (AOI) between 1 

August 1995 and 31 December 1996. The authors find evidences that releases of major 

macroeconomic information strengthen the lead of index futures returns over index 

returns. On the contrary, the lead of index futures returns weaken upon releases of stock-

specific information. The findings are consistent with the conjecture that different traders 

have access to different information set, i.e. index futures traders have access to more 

market-wide information whereas stock traders have more company-specific 

information. The study finds that the contemporaneous relationship between index 

futures and index returns decreased slightly around the time of information releases. This 

is in line with the proposition that noise induced trading weakens relationship between 

the two markets. The empirical results affirm that the mid-point index constructed from 

bid and ask stock quotes has comparable performances to the reported index values 

purged for non-synchronous trading over the entire sample period and around releases 

of key information. 

 

2.2.5 Regulatory restrictions 

 

Brenner, Subrahmanyam and Uno (1990) show that regulatory restrictions imposed on 

trading Japanese stocks affect lead-lag relationship between futures and cash markets. 

Yadav and Pope (1990) point out that short-sale restrictions for stocks traded on the 

London International Financial Futures and Options Exchange (LIFFE) cause abnormal 

positive returns on overpricing of the FTSE100 index futures contracts. 
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Chung (1991) examines the efficiency of stock index futures market and profitability of 

index arbitrage strategies with transactions data for 20 MMI index constituent stocks 

traded on ASE and MMI futures contracts traded on CBOT. Sample data covers the period 

from 24 July 1984 to 31 August 1986. With positive transaction costs and execution 

delays, frequency and magnitude of index futures mispricing are smaller and decline 

significantly over time. Profitability of index arbitrage trades is smaller and more volatile. 

The results are asymmetric, i.e. profits from long futures short stock arbitrage trades are 

lower and have higher volatility due to short-sale restriction of cash stocks. These are 

strong evidences that short-sale constraint impair price adjustments of cash assets. 

 

Kempf (1998) highlight that short-selling restrictions limit the extent of long futures 

short stock arbitrage. Stronger mean reversion of German DAX index futures is observed 

in response to overpricing. Hung and Fung (2001) find evidences that removing short-

selling restrictions of cash stocks strengthen the contemporaneous relationship between 

index futures and index prices. Removal of the short-selling restrictions significantly 

shortens adjustment time of index futures and index returns in response to futures 

mispricing. 

 

Jiang, Fung and Cheng (2001) examine lead-lag relationship between HS index futures 

and HS index under different short-selling regimes adopted by the HKEx. With short-

selling restrictions, underpricing of index futures persists as “short stocks, long futures” 

arbitrage trades are more costly to execute. Sample data of the study covers four distinct 

periods. Regime 1 with no short-selling allowed from 3 July to 31 December 1993. Regime 

2a and 2b represent initial and partial removal of short-sale restrictions which starts from 

3 January to 7 July 1994 and from 18 September 1995 to 24 March 1996, respectively. 

Regime 3 denotes the comprehensive removal of short-sale restrictions from 25 March to 

30 September 1996. The authors conclude that the cash market is more informational 

efficient with short-selling. Futures and cash prices have stronger contemporaneous 

correlation especially in falling markets when cash assets are over-priced. 

 

Draper and Fung (2003) analyze the impact of stock market intervention on index futures 

mispricing. On 14 August 1998, the HKSAR government undertook a series of market 

operations in futures and cash markets to combat foreign speculators’ attack of the 

Linked Exchange Rate System. The authors analyze time-stamped bid-ask data for stocks 

listed on the HKEx between May 1997 and September 1998. They find evidences that 

market intervention distort market prices. Magnitude of mispricing is significantly larger 

during intervention due to the increased difficulties in short-selling the index constituent 

stocks. Index futures mispricing gradually declines when short-selling activities resume 

normally after the intervention. This is solid proof that intervention disrupts the 

adjustment mechanics of futures and cash markets. 
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McMillan and Ü lkü (2009) want to find the underlying causes of persistent underpricing 

of the stock index futures in Turkey. The magnitude of underpricing exceeds the 

transaction cost bands. The study uses sample data for the period from March 2005 to 

October 2006. Empirical findings suggest that difficulties associated with short-selling 

the cash stocks are a major cause of persistent index futures underpricing as investors 

can only short the market via index futures. This shows that short-sale constraints 

paralyze price adjustments of cash stocks in down markets. 

 

Chen and Rhee (2010) study the relationship between the short-sale restriction and the 

speed of stock price adjustments in response to arrival of firm-specific and market-wide 

information. The authors analyze the adjustment speed of Hong Kong stocks for the 

three-month period before and after they are added to the designated short-sale list 

between December 2001 and 2004. They use intra-day quote records to test a set of 

hypotheses on adjustment speeds of the stocks. Their empirical results show that “short-

able stocks”, referring to stocks which are more capable to be short-sold, react more 

rapidly to arrival of both firm-specific and market-wide information. The faster 

adjustment speeds of short-able stocks are observed in both up and down markets. The 

authors also find evidences that “short-able stocks” with higher trading volume and 

liquidity have faster adjustment speeds. 

 

Easton, Pinder and Uylangco (2013) examine the impact of short-sale restrictions on 

arbitrage opportunities for a pair of securities, Wesfarmers partially protected (WESN) 

and ordinary (WES) shares, traded on the ASX. The authors analyze a unique data set with 

broker identification to gauge the impact of short-sale restrictions on trading activities of 

the securities. Sample data for the study is from 12 November 2007 to 20 August 2009. 

Empirical results indicate that short-sale restrictions imposed during the 2008 financial 

crisis prolong the existence of mispricing as they limit brokers’ trading activities and 

capabilities to exploit pricing discrepancies of the securities. After removal of the 

restrictions, brokers resume trading activities to exploit mispricing between the 

securities and corrections occurred more rapidly. 

 

2.3 Hypotheses 

 

This study uses effective index weight, relative turnover, percentage bid-ask spread, 

volatility ratio and open-to-close returns to explain cross-sectional variations in realized 

correlation between index futures and individual cash assets. The following research 

hypotheses are constructed to test the relationship. 

 

H1:  Correlation between futures and index constituent stock is positively related to the 

stock’s effective index weight 
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H2:  Correlation between futures and individual cash asset is negatively related to the 

asset’s relative turnover 

 

H3:  Correlation between futures and individual cash asset is negatively related to the 

asset’s percentage bid-ask spread 

 

H4:  Correlation between futures and individual cash asset is positively related to the 

asset’s relative volatility against index futures 

 

H5:  Correlation between futures and individual cash asset is positively related to 

general market movements and the asset’s short-selling capability 

 

H1 tests the impact of effective index weight on correlation between futures and 

individual index constituent stock. A constituent stock with higher index weight should 

have stronger correlation with futures as arbitrageurs are more likely to use the stock in 

proxy portfolios for index arbitrage. 

 

H2 tests the impact of relative turnover on correlation between futures and individual 

cash asset. A cash asset with higher relative turnover should have weaker 

contemporaneous correlation with futures as arbitrageurs trade the asset ahead of 

general market movements. 

 

H3 tests the impact of percentage bid-ask spread on correlation between futures and 

individual cash asset. A cash asset with lower bid-ask spread (market impact cost) should 

have stronger contemporaneous correlation with futures as arbitrageurs incur lower 

costs in trading the asset. 

 

H4 tests the impact of relative volatility on correlation between futures and individual 

cash asset. A cash asset with greater relative volatility should have stronger correlation 

with futures as greater amount of idiosyncratic information drives trading of the asset. 

 

H5 tests the impact of open-to-close return on correlation between futures and individual 

cash asset. A cash asset which is more capable to be short-sold should have stronger 

correlation with futures as long futures short stock arbitrage trades are less costly to 

execute. 

  



49 

2.4 Data 

 

This study uses time-stamped bid and ask quotes of HS index futures, HS index 

constituent stocks and TraHK provided by the HKEx. The use of quote data alleviates the 

problems of non-synchronous trading and bid-ask price bounces. Only data records in 

continuous trading sessions are used as they represent immediate and collective actions 

of market participants in response to arrival of new information. This study also uses the 

official 15-second HS index quotes provided by HSIL. Sample period of the study is from 

January 2006 to December 2011. The sample contains sufficient data points for 

examining the impact of market and asset specific characteristics on correlation between 

HS index futures and individual cash assets under and throughout an economic cycle. The 

tick-by-tick quote data is converted into time series with different measurement intervals 

for statistical analysis. 15-second was adopted as the finest measurement interval to 

match the reporting time frame of the HS index values. Data value which precedes or 

occurs at the end of a particular 15-second interval is adopted as value for that interval. 

If there is no change in value over two successive intervals, the current value is carried 

forward to the next interval. The assignment process continues until each and every 

interval from market start to close is filled. 

 

2.5 Methodologies 

 

This study computes effective index weight, relative turnover, percentage bid-ask spread, 

relative turnover and open-to-close returns to explain cross-sectional variations in 

realized correlation between HS index futures and individual cash assets. 

 

2.5.1 Realized correlation 

 

Realized correlation between returns of asset i and HS index futures on day t (ρit) is 

computed as below. 

ρit =
∑ rft
n
t=1 rit

√∑ rft
2n

t=1 √∑ rit
2n

t=1

             (B1) 

Where 

n is number of measurement intervals, rft  is the HS index futures returns, rit  is the 

returns of asset i, rft
2  and rit

2  are squared returns of futures and asset i, respectively. 

 

Realized correlation coefficients are converted into normal variates by Fisher-Z 

transformation method. Fisher-Z transformed realized correlation (ρit̃) between returns 

of asset i and HS index futures on day t is defined as follows: 

ρit̃ =
1

2
ln

1+ρit

1−ρit
              (B2) 
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Where 

ρit̃~N(
1

2
ln

1+ρit

1−ρit
,

1

√n−3
)  is normally distributed with mean 

1

2
ln

1+ρit

1−ρit
 and standard 

deviation 
1

√n−3
 

 

2.5.2 Effective index weight 

 

Effective index weight of an index constituent stock represents the likelihood of the stock 

being included in proxy portfolios. A constituent stock with higher index weight is more 

likely to be used for arbitrage trading given its significant influence on changes of the 

reported index values. Effective index weight is the percentage of the stock’s market value 

divided by the market value of the index portfolio on a particular trading day. 

 

Effective index weight of stock i on day t (wit) is defined as follows. 

wit = Min(
PitNit

∑ PitNit
nt
i=1

, Ct)            (B3) 

Where 

Pit is stock i’s closing price, Nit is stock i’s number of outstanding shares, nt is number 

of index constituent stocks and Ct is the cap on index weight 8 

 

2.5.3 Relative turnover 

 

Relative turnover is a proxy for trading frequency of individual cash asset. As daily 

turnover statistics provided by HKEx include transactions from all trading sessions, this 

study uses only transaction records in continuous trading sessions to compute the daily 

turnover of individual cash assets. 

 

Relative turnover of HS index on day t (qht) is defined as: 

qht = ln [
∑ ∑ PijQij

nj
j=1

nt
i=1

∑ PfkQfk
nk
k=1

(50)
]             (B4) 

Where 

Pij is stock i’s traded price in transaction j, Qij is stock i’s number of shares traded in 

transaction j, nj  is stock i’s number of transactions, nt  is number of HS index 

constituent stocks, Pfk  is traded price of HS index futures spot month contract in 

transaction k, Qfk  is the number of HS index futures spot month contracts traded in 

transaction k, nk is number of HS index futures spot month transactions and 50 is the 

HS index futures contract multiplier. 

                                                 
8 HSIL imposes a cap on weight of individual HS index constituent stock in 3 phases. A 25% cap was imposed after 8 September 2006 
(Phase 1), 20% cap after 9 March 2007 (Phase 2) and 15% cap after 7 September 2007 (Phase 3). 



51 

Relative turnover of TraHK on day t (qet) is defined as: 

qet = ln [
∑ PjQj
nj
j=1

∑ PfkQfk
nk
k=1

(50)
]             (B5) 

Where 

Pj  is TraHK traded price in transaction j, Qj  is number of TraHK shares traded at 

transaction j and nj is number of TraHK transactions 

 

Relative turnover of stock i on day t (qit) is defined as below. 

qit =
∑ PijQij
nj
j=1

∑ ∑ PijQij
nj
j=1

nt
i=1

              (B6) 

 

The relative turnover of index and ETF are normalized by taking natural logarithm. As 

relative turnover of individual index constituent stock is a turnover-weighted index, it is 

not log-transformed. 

 

2.5.4 Percentage bid-ask spread 

 

Percentage bid-ask spread is a proxy for the liquidity condition of individual cash asset. It 

is a ratio between absolute spread and mid-quote of the asset measured at 1-minute 

intervals. Data records with ask quotes smaller than bid quotes are excluded.  

Percentage bid-ask spread represents market impact costs in trading a cash asset as lower 

bid-ask spread translates into lower execution costs to arbitrageurs. The illiquidity 

measure of Amihud (2002) divides trading volume of assets by their absolute returns is a 

good alternative measure which can be used in future studies. 

 

Percentage bid-ask spread of asset i at time t (sit) is defined as follows. 

sit =
Ait−Bit

Pit
(100)              (B7) 

Where 

Ait is ask quote, Bit is bid quote and Pit is mid-quote, of asset i 

 

Daily percentage bid-ask spreads are computed by averaging the 1-minute spreads of a 

particular trading day. 

 

2.5.5 Volatility ratio 

 

Logarithmic ratio between realized volatility of individual cash asset and HS index futures 

measured at 1-minute intervals is a proxy for amount of idiosyncratic information 

available to the asset. 
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Volatility ratio between asset i and HS index futures on day t (vit) is defined as follows: 

vit = ln (
σit

σft
)               (B8) 

Where 

σit and σft are realized volatilities of asset i and HS index futures, respectively. 

 

In portfolio theory, total risk (variance) of asset returns is decomposed into systematic 

and unsystematic (idiosyncratic) risks. Under Sharpe’s CAPM framework, systematic risk 

is determined by beta, co-movements between returns of the asset and the market-value 

weighted portfolio which is comprised of all risky assets in the economy. Idiosyncratic 

risk is asset returns unexplained by the market portfolio returns. Although the volatility 

ratio does not explicitly account for differences in asset betas, it captures changes in the 

relative amount of information flow between individual cash assets and the market over 

time. 

 

2.5.6 Open-to-close return 

 

Index open-to-close return represents general market movements whereas the asset 

open-to-close return is a proxy for short-selling capabilities of the asset. In down markets, 

a cash asset more capable to be short-sold is expected to have stronger correlation with 

index futures. 

 

Open-to-close returns of asset i on day t (rit) is defined as follows. 

rit = ln (
Pit−1

Pit
)               (B9) 

Where 

Pit−1 and Pit are opening and closing prices, of asset i, respectively. 

 

2.5.7 Regression analysis 

 

A set of multiple linear regression models is estimated to test the impact of relative 

turnover, volatility ratio and open-to-close return on realized correlation between HS 

index and HS index futures. 

 

The regression models are defined as follows. 

Model 1: ρht̃ = a + b1qht + b2vht + b3rht         (B101) 

Model 2: ρht̃ = a + b1qht + b2vht + b3rht+b4D1rht       (B11) 

Model 3: ρht̃ = a + b1qht−1 + b2vht−1 + b3rht−1+b4D1rht−1     (B12) 

Where 
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ρht̃ is Fisher-Z transformed realized correlation between HS index and HS index futures 

on day t 

qht is relative turnover between HS index and HS index futures on day t 

vht is volatility ratio between HS index and HS index futures on day t 

rht is open-to-close return of HS index on day t 

D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 

 

Realized correlations computed for various measurement intervals on day t are regressed 

on market and single asset characteristics on day t or day t – 1. Model 3 aims at testing 

the predictive power of lagged values of the independent variables. 

 

A second set of multiple linear regression models is estimated to test the impact of 

relative turnover, percentage bid-ask spread, volatility ratio and open-to-close return on 

the realized correlation between TraHK and HS index futures. 

 

The regression models are defined as follows. 

Model 1: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret       (B13) 

Model 2: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret+b5D1ret     (B14) 

Model 3: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret + b5D2ret    (B15) 

Where 

ρt̃ is Fisher-Z transformed realized correlation between TraHK and HS index futures on 

day t 

qet is relative turnover between TraHK and HS index futures on day t 

set−1 is percentage bid-ask spread of TraHK on day t – 1 

vet is volatility ratio between TraHK and HS index futures on day t 

ret is open-to-close return of TraHK on day t 

D1 is a dummy variable where D1 = 1 if ret < 0 and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if rht < 0 and D2 = 0 otherwise 

 

A third set of panel data regression models is estimated to test the impact of effective 

index weight, relative turnover, percentage bid-ask spread, volatility ratio and open-to-

close return on realized correlation between individual HS index constituent stocks and 

HS index futures. 

 

The panel data regression models are defined as follows. 

Model 1: ρit̃ = a + b1wit−1 + b2qit+b3sit−1 + b4vit + b5rit     (B16) 

Model 2: ρit̃ = a + b1wit−1 + b2qit + b3D1qit+b4sit−1 + b5vit + b6rit + b7D4rit (B17) 

Model 3: ρit̃ = a + b1wit−1 + b2qit + b3D1qit + b4D2qit + b5D3qit+b6sit−1 + b7vit +

b8rit + b9D4rit              (B18) 
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Model 4: ρit̃ = a + b1wit−1 + b2qit + b3D1qit + b4D2qit + b5D3qit+b6sit−1 + b7vit +

b8rit + b9D5rit              (B19) 

Where 

ρit̃ is Fisher-Z transformed realized correlation between stock i and HS index futures on 

day t 

wit−1 is effective index weight of stock i on day t – 1 

qit is relative turnover of stock i on day t 

sit−1 is percentage bid-ask spread of stock i on day t – 1 

vit is volatility ratio between stock i and HS index futures on day t 

rit is open-to-close return of stock i on day t 

D1 is a dummy variable where D1 = 1 if qit > wit−1 and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if wit−1 ≥ 10% and D2 = 0 otherwise 

D3 is a dummy variable where D3 = 1 if 10% > wit−1 ≥ 1% and D3 = 0 otherwise 

D4 is a dummy variable where D4 = 1 if rit < 0 and D4 = 0 otherwise 

D5 is a dummy variable where D5 = 1 if rht < 0 and D5 = 0 otherwise 

 

2.6 Empirical Findings and Interpretation 

 

Table B1 reports summary statistics for single asset characteristics of HS index between 

January 2006 and December 2011. An average relative turnover of -1.13 indicates that 

the turnover of HS index portfolio is much lower than that of HS index futures. Similarly, 

an average volatility ratio of -0.23 implies that the realized volatility of HS index portfolio 

is lower than that of HS index futures. In the sample period, average open-to-close return 

of HS index is close to zero. 

 

Table B2 lists Pearson’s correlation coefficients between single asset characteristics of HS 

index and realized correlations estimated at various measurement intervals for the 

period January 2006 to December 2011. Relative turnover is negatively correlated to the 

realized correlations and significant at the 99% confidence level. Volatility ratio of HS 

index is positively correlated to the realized correlations and is significant at the 99% 

confidence level. Open-to-close return of HS index is negatively correlated to the realized 

correlations but some coefficients are statistically insignificant. 

 

Table B3 presents regression results for Fisher-Z transformed realized correlations 

between HS index and HS index futures with single asset characteristics of HS index as 

independent variables. Five regression models are estimated for realized correlations 

measured at 15-second, 30-second, 1-minute, 3-minute and 5-minute intervals. R2of the 

regression models range from 0.31 to 0.49. Coefficients are statistically significant and 

increase in magnitude with length of the measurement intervals. Realized correlations 

and relative turnover are negatively related. Cash market turnover for the index basket 
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is an important proxy for the magnitude of firm-specific information released to the 

market. Hence, the negative correlation between index turnover and realized correlation 

(between index and futures) is consistent with our conjecture that cash market turnover 

can decouple the price movements between the index and futures. Volatility ratio is 

positively related to the realized correlations. The positive relationship implies that the 

greater amount of idiosyncratic information is driving price movements of HS index 

constituent stocks and strengthening the correlation with futures. Open-to-close return 

of HS index and realized correlations are positively related as short-sale constraint has 

little impact on stock price movements in up markets. Negative relationship between the 

dummy variable for negative index return and realized correlation reflects that short-sale 

constraint limit the stock price adjustments in down markets. 

 

Table B4 summarizes the regression results for Fisher-Z transformed realized 

correlations between HS index and HS index futures with lagged values of the 

independent variables as regressors. Five regression models are estimated for realized 

correlations measured at 15-second, 30-second, 1-minute, 3-minute and 5-minute 

intervals. R2of the regression models range from less than 0.01 to 0.09. Regression 

results are robust across all measurement intervals and qualitatively the same as those in 

Table B3 except that the coefficients are smaller and statistically insignificant. 

 

Table B5 compares regression results for Fisher-Z transformed realized correlations 

between HS index and HS index futures measured at 15-second and 1-minute intervals. A 

major difference between the two models is Model 2 has a dummy variable for negative 

HS index open-to-close returns. R2of the regression models increase significantly from 

0.25 to 0.31 (15-second) and 0.46 to 0.48 (1-minute) after including the dummy variable. 

The results indicate that the short-sale constraint of cash stocks hinders price 

adjustments in down markets and reduce correlations with index futures. 

 

Table B6 provides the summary statistics for single asset characteristics of TraHK 

between January 2006 and December 2011. Average relative turnover is -2.2 which 

indicates that the turnover of TraHK was much smaller than that of the HS index futures. 

Average percentage bid-ask spread of TraHK is 0.22%. An average volatility ratio of 0.21 

indicates that realized volatility of TraHK is much higher than that of futures. Open-to-

close return of TraHK is zero on average. 

 

Table B7 shows Pearson’s correlation coefficients between single asset characteristics of 

TraHK and realized correlations measured at 15-second, 30-second, 1-minute, 3-minute 

and 5-minute intervals. Relative turnover is significantly and positively related to the 

realized correlations. Percentage bid-ask spread and volatility ratio are significantly and 

negatively correlated with the realized correlations. Open-to-close returns of ETF and 
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index are negatively related to the realized correlations. 

 

Table B8 consolidates regression results for Fisher-Z transformed realized correlations 

between TraHK and HS index futures with market and single asset characteristics of 

TraHK as independent variables. Five regression models are estimated for realized 

correlations measured at 15-second, 30-second, 1-minute, 3-minute and 5-minute 

intervals. R2  of the regression models range from 0.29 to 0.32. The regression 

coefficients are statistically significant. Relative turnover is positively related with the 

realized correlations. This indicates that higher trading volume strengthens correlation 

with futures. Percentage bid-ask spread is negatively related with the realized 

correlations. Lower market impact costs induce arbitrage trading and increase 

correlations with index futures. The impact of volatility ratio is uncertain as the 

coefficients are unstable and some of them are statistically insignificant. Coefficients for 

open-to-close return and dummy for negative open-to-close return are statistically 

insignificant. This implies that the short-sales constraint of ETF and general market 

movements have little impact on the realized correlations. 

 

Table B9 tabulates regression results for Fisher-Z transformed realized correlations 

between TraHK and HS index futures with lagged values of the independent variables as 

regressors. Five regression models are estimated for realized correlations measured at 

15-second, 30-second, 1-minute, 3-minute and 5-minute intervals. R2 of the regression 

models range from 0.24 to 0.35. Regression results are robust across all measurement 

intervals and result for correlations measured at 30-second intervals is the best. The 

regression coefficients are statistically significant except those for open-to-close return 

and dummy for negative return. The impact of the previous day’s relative turnover and 

the percentage bid-ask spread are the same as their contemporaneous counterparts. 

Coefficients for volatility ratio are all negative and marginally significant. This indicates 

that information-based trading previous day weakens correlation on the following day. 

The open-to-close and negative open-to-close returns have no significant impact on the 

realized correlations. 

 

Table B10 groups regression results for Fisher-Z transformed realized correlations 

between TraHK and HS index futures measured at 15-second and 1-minute intervals.. 

Three sets of regression models are estimated. Major differences between the models are: 

Model 1 with no dummy variable, Model 2 with a dummy for negative ETF open-to-close 

returns and Model 3 with a dummy variable for negative index open-to-close returns. 

Results for Model 3 are the best. All regression coefficients are statistically significant. 

This implies that general market movements significantly affect variations in realized 

correlations between ETF and index futures. 
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Table B11 outlines summary statistics for market and single asset characteristics of the 

HS index constituent stocks for the period from January 2006 to December 2011. The HS 

index constituent stocks are separated into three groups according to their index weights. 

The three largest HS index constituent stocks with weights greater than or equal to 10% 

represent 42% of the index and 28% of the total turnover. Given their impacts on reported 

index values, they are preferred cash assets for arbitrage trading. Relative turnover and 

volatility ratio increase with index weights. On the other hand, turnover-to-weight ratio 

and percentage bid-ask spread decrease with index weight. 

 

Table B12 enumerates Pearson’s correlation coefficients between single asset 

characteristics of HS index constituent stocks and realized correlations with HS index 

futures. Effective index weight and relative turnover are significantly positively correlated 

with the realized correlations. Percentage bid-ask spread, volatility ratio and open-to-

close return are significantly negatively correlated with the realized correlations. 

 

Table B13 displays panel data regression results for Fisher-Z transformed realized 

correlations between HS index constituent stocks and HS index futures with market and 

single asset characteristics of the stocks as independent variables. Five regression models 

are estimated for realized correlations measured at 15-second, 30-second, 1-minute, 3-

minute and 5-minute intervals. Regression results are robust across all measurement 

intervals. Coefficients are statistically significant and increase in magnitude with the 

length of the measurement intervals. Realized correlations increase with effective index 

weights. Relative turnover is negatively related to the realized correlations. Three dummy 

variables are constructed to explore the relationship between relative turnover and 

correlations. The first dummy variable examines the impact of over-weight trading, i.e. 

relative turnover greater than index weight of the stock, on the realized correlations. 

Positive coefficients for the first dummy variable indicate that over-weight trading 

strengthens the correlation with futures. The second and third dummy variables highlight 

the relationship between relative turnover of the largest and medium index constituent 

stocks and the realized correlations. Higher relative turnover of the largest and medium 

index constituent stocks is associated with greater realized correlation. One point to note 

is that the sum of the coefficients for the three dummies is close to the coefficient for 

relative turnover. This implies that the turnover of index constituent stocks are driven by 

traders with varying motives. Negative coefficients for percentage bid-ask spread imply 

that index constituents stocks with lower bid-ask spreads have stronger correlations with 

futures. Positive coefficients for volatility ratio indicate that a greater amount of 

idiosyncratic information driving stock price changes resulted in higher realized 

correlations. Open-to-close return is negatively related to the realized correlations. This 

implies that correlations are stronger in up markets. Negative coefficients for the fourth 

dummy variable reflects that short-sale constraints weaken correlations in down markets. 
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Table B14 documents panel data regression results for Fisher-Z transformed realized 

correlations between HS index constituent stocks and HS index futures with lagged values 

of the independent variables as regressors. Five sets of regression models are estimated 

for 15-second, 30-second, 1-minute, 3-minute and 5-minute intervals. The results are 

qualitatively the same as those presented in table B13 except that the regression 

coefficients are smaller and unstable across measurement intervals. 

 

Table B15 combines the panel data regression results for Fisher-Z transformed realized 

correlations between HS index constituent stocks and HS index futures measured at 15-

second and 1-minute intervals. Results for four sets of models are presented. The models 

differ in definition of dummy variables develop to evaluate how the realized correlations 

are affected by relative turnover of large- and medium-sized index constituent 

constituents and negative open-to-close return of the stocks and index. The results are 

robust across all measurement intervals except those for stock and index open-to-close 

returns. Regression coefficients of model 4 are statistically significant. Relative turnover 

of both large- and medium-sized index constituent stocks and over-weight trading 

strengthen correlations with the futures. Negative coefficient of the dummy for negative 

index open-to-close return indicate that the short-sale constraint of stocks lower their 

correlations with futures in down markets. 

 

2.7 Conclusion 

 

Chapter 2 examines the impact of market conditions and single asset characteristics of 

individual cash assets on the correlations. Empirical results show that the effective index 

weight is positively related to the correlations. This is evidence that larger index 

constituent stocks are more likely to be included in proxy portfolios for arbitrage trading. 

Relative turnover of index and stocks are negatively related to the correlations. High 

turnover of cash assets weakens correlations with the futures. Further analysis shows 

that over-weight trading and relative turnover of large- and medium-sized constituent 

stocks are positively related to the correlations. Lower percentage bid-ask spread of ETF 

and stocks are associated with greater correlations. Volatility ratio of index and stocks are 

negatively related to the correlations. Correlations are positively related to the open-to-

close return but inversely related to the dummy for negative open-to-close return. This 

indicates that short-sale constraint disrupts price adjustments of cash assets in down 

markets.
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Table B1 
Asset characteristics of HS index, January 2006 to December 2011 

 
Characteristics Mean STD Skewness Kurtosis Maximum Median Minimum 

qht -1.1278 0.3345 0.0258 -0.3451 -0.0978 -1.1368 -2.1596 
vht -0.2336 0.2449 -3.3564 19.7383 0.6036 -0.2166 -2.3115 
rht 0 0.0089 -0.0854 2.8504 0.0468 0 -0.0431 

 
Table B2 

Correlation matrix between realized correlations and asset characteristics of HS index, January 2006 to December 2011 
 

 15-sec ρht̃ 30-sec ρht̃ 1-min ρht̃ 3-min ρht̃ 5-min ρht̃ qht vht rht 
15-sec ρht̃ 1.0000 0.9410 0.8626 0.7521 0.6808 -0.2823 0.1927 -0.0480 
p-value  (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0648) 
30-sec ρht̃  1.0000 0.9324 0.8215 0.7439 -0.2197 0.2384 -0.0440 
p-value   (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0904) 
1-min ρht̃   1.0000 0.8995 0.8589 -0.1499 0.2912 -0.0335 
p-value    (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.1979) 
3-min ρht̃    1.0000 0.8375 -0.1226 0.2647 -0.0230 
p-value     (<0.0001) (<0.0001) (<0.0001) (0.3771) 
5-min ρht̃     1.0000 -0.1050 0.2592 -0.0342 
p-value      (<0.0001) (<0.0001) (0.1885) 
qht      1.0000 -0.0242 0.0556 
p-value       (0.3527) (0.0325) 
vht       1.0000 0.0380 
p-value        (0.1434) 

 
Notes: 
1. Pearson’s correlation coefficients between the realized correlation and individual asset characteristics 
2. H0: ρij = 0; H1: ρij ≠ 0 
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Table B3 
Realized correlations between HS index and HS index futures, January 2006 and 

December 2011 
 

Model: ρht̃ = a + b1qht + b2vht + b3rht+b4D1rht 
 
Where 
ρht̃ is Fisher-Z transformed realized correlation between HS index and HS index futures 
on day t 
qht is relative turnover between HS index and HS index futures on day t 
vht is volatility ratio between HS index and HS index futures on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
n 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

168.18 
(<0.0001) 

206.31 
(<0.0001) 

339.60 
(<0.0001) 

358.83 
(<0.0001) 

336.85 
(<0.0001) 

R2 0.3129 0.3585 0.4791 0.4928 0.4771 
Intercept 
t-value 

0.3258 
(22.82) *** 

0.4594 
(21.54) *** 

0.5688 
(21.67) *** 

0.7165 
(20.34) *** 

0.7155 
(17.58) *** 

qht 
t-value 

-0.0692 
(-13.25) *** 

-0.0783 
(-10.03) *** 

-0.0687 
(-7.15) *** 

-0.0562 
(-4.36) *** 

-0.0341 
(-2.29) ** 

vht 
t-value 

0.0825 
(18.29) *** 

0.1618 
(23.90) 

0.2854 
(34.25) *** 

0.4061 
(36.33) *** 

0.4595 
(35.58) *** 

rht 
t-value 

1.8595 
(8.51) *** 

2.1732 
(6.66) *** 

1.8100 
(4.50) *** 

1.1583 
(2.15) ** 

0.9959 
(1.60) 

D1rht 
t-value 

-4.1233 
(-11.68) *** 

-5.2609 
(-9.98) *** 

-4.6055 
(-7.10) *** 

-3.8672 
(-4.44) *** 

-4.1700 
(-4.15) *** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 
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Table B4 
Realized correlations between HS index and HS index futures, January 2006 and 

December 2011 
 

Model: ρht̃ = a + b1qht−1 + b2vht−1 + b3rht−1+b4D1rht−1 
Where 
ρht̃ is Fisher-Z transformed realized correlation between HS index and HS index futures 
on day t 
qht−1 is relative turnover between HS index and HS index futures on day t 
vht−1 is volatility ratio between HS index and HS index futures on day t 
rht−1 is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht−1 < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
n 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

35.13 
(<0.0001) 

21.34 
(<0.0001) 

6.38 
(<0.0001) 

1.74 
(0.1377) 

1.52 
(0.1932) 

R2 0.0869 0.0547 0.0170 0.0047 0.0041 
Intercept 
t-value 

0.2612 
(15.88) *** 

0.3598 
(13.90) *** 

0.3848 
(10.67) *** 

0.4382 
(8.88) *** 

0.4350 
(7.74) *** 

qht−1 
t-value 

-0.0618 
(-10.27) *** 

-0.0730 
(-7.71) *** 

-0.0562 
(-4.26) *** 

-0.0326 
(-1.80) * 

-0.0209 
(-1.02) 

vht−1 
t-value 

-0.0122 
(-2.34) ** 

-0.0132 
(-1.60) 

-0.0193 
(-1.69) * 

-0.0227 
(-1.45) 

-0.0256 
(-1.44) 

rht−1 
t-value 

1.2591 
(5.00) *** 

2.0873 
(5.27) *** 

1.2077 
(2.19) ** 

1.3058 
(1.73) * 

1.3794 
(1.60) 

D1rht−1 
t-value 

-3.0105 
(-7.40) *** 

-4.1071 
(-6.42) *** 

-2.8038 
(-3.15) *** 

-1.9308 
(-1.58) 

-2.7156 
(-1.96) ** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance  
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Table B5 
Realized correlations between HS index and HS index futures, January 2006 to 

December 2011 
 
Model 1: ρht̃ = a + b1qht + b2vht + b3rht 
Model 2: ρht̃ = a + b1qht + b2vht + b3rht+b4D1rht 
Where 
ρht̃ is Fisher-Z transformed realized correlation between HS index and HS index futures 
on day t 
qht is relative turnover between HS index and HS index futures on day t 
vht is volatility ratio between HS index and HS index futures on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 
 

 15-second 1-minute 
Parameters Model 1 Model 2 Model 1 Model 2 
n 1,482 1,482 1,482 1,482 
F 
Pr > F 

163.72 
(<0.0001) 

168.18 
(<0.0001) 

421.91 
(<0.0001) 

339.60 
(<0.0001) 

R2 0.2494 0.3129 0.4613 0.4791 
Intercept 
t-value 

0.3121 
(20.99) *** 

0.3258 
(22.82) *** 

0.5534 
(20.81) *** 

0.5688 
(21.67) *** 

qht 
t-value 

-0.0577 
(-10.77) *** 

-0.0692 
(-13.25) *** 

-0.0559 
(-5.82) *** 

-0.0687 
(-7.15) *** 

vht 
t-value 

0.0826 
(17.44) *** 

0.0825 
(18.29) *** 

0.2856 
(33.71) *** 

0.2854 
(34.25) *** 

rht 
t-value 

-0.2023 
(-1.50) 

1.8595 
(8.51) *** 

-0.4929 
(-2.05) ** 

1.8100 
(4.50) *** 

D1rht 
t-value 

 -4.1233 
(-11.68) *** 

 -4.6055 
(-7.10) *** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table B6 
Asset characteristics of TraHK, January 2006 to December 2011 

 
Characteristics Mean STD Skewness Kurtosis Maximum Median Minimum 

qet -2.1992 0.7847 -0.4156 -0.1428 -0.1687 -2.1138 -4.8026 
set 0.0022 0.0007 5.4257 94.2850 0.0160 0.0022 0.0010 
vet 0.2093 0.3431 -0.4417 10.5849 3.6942 0.2291 -1.8093 
ret 0 0.0196 -1.1316 14.4160 0.1039 0 -0.2237 

 
Table B7 

Correlation matrix between realized correlations and asset characteristics of TraHK, January 2006 to December 2011 
 

 30-sec ρet̃ 1-min ρet̃ 3-min ρet̃ 5-min ρet̃ qet set vet ret rht 
15-sec ρht̃ 0.9458 0.9107 0.8164 0.7411 0.4774 -0.3270 -0.0291 -0.0158 -0.0245 
p-value (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.2625) (0.5435) (0.3460) 
30-sec ρht̃ 1.0000 0.9708 0.8819 0.8060 0.4802 -0.3786 -0.1321 -0.0564 -0.0343 
p-value  (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0299) (0.1875) 
1-min ρht̃  1.0000 0.9218 0.8501 0.4580 -0.3971 -0.1277 -0.0588 -0.0303 
p-value   (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0236) (0.2436) 
3-min ρht̃   1.0000 0.9139 0.3991 -0.3883 -0.1108 -0.0734 -0.0400 
p-value    (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0047) (0.1241) 
5-min ρht̃    1.0000 0.3353 -0.3809 -0.1207 -0.0606 -0.0331 
p-value     (<0.0001) (<0.0001) (<0.0001) (0.0196) (0.2030) 
qet     1.0000 -0.2547 -0.0531 -0.0330 -0.0132 
p-value      (<0.0001) (0.0411) (0.2046) (0.6105) 
set      1.0000 0.2763 0.0334 0.0049 
p-value       (<0.0001) (0.1983) (0.8499) 
vet       1.0000 0.0322 0.0220 
p-value        (0.2153) (0.3966) 
ret 
p-value 

       1.0000 0.6499 
        (<0.0001) 

 
Notes: 
1. Pearson’s correlation coefficients between realized correlations and individual asset characteristics of TraHK 
2. H0: ρij = 0; H1: ρij ≠ 0 
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Table B8 
Realized correlations between TraHK and HS index futures, January 2006 and 

December 2011 
 

Model: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret + b5D1ret 
Where 
ρet̃ is Fisher-Z transformed realized correlation between TraHK and HS index futures on 
day t 
qet is relative turnover between TraHK and HS index futures on day t 
set−1 is percentage bid-ask spread of TraHK on day t – 1 
vet is volatility ratio between TraHK and HS index futures on day t 
ret is open-to-close return of TraHK on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
n 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

122.13 
(<0.0001) 

136.47 
(<0.0001) 

130.72 
(<0.0001) 

105.32 
(<0.0001) 

77.80 
(<0.0001) 

R2 0.2928 0.3163 0.3071 0.2631 0.2087 
Intercept 
t-value 

0.5311 
(36.45) *** 

0.7892 
(38.95) *** 

0.9945 
(39.85) *** 

1.2613 
(40.16) *** 

1.3139 
(37.32) *** 

qet 
t-value 

0.0921 
(18.65) *** 

0.1279 
(18.63) *** 

0.1463 
(17.30) *** 

0.1503 
(14.12) *** 

0.1321 
(11.07) *** 

set−1 
t-value 

-63.2414 
(-11.60) *** 

-95.0594 
(-12.53) *** 

-125.4829 
(-13.43) *** 

-159.0540 
(-13.53) *** 

-163.5649 
(-12.41) *** 

vt 
t-value 

0.0256 
(2.28) ** 

-0.0338 
(-2.16) ** 

-0.0345 
(-1.79) * 

-0.0239 
(-0.99) 

-0.0452 
(-1.66) * 

ret 
t-value 

57.2312 
(0.88) 

57.1107 
(0.63) 

24.9737 
(0.22) 

-113.2193 
(-0.80) 

-122.7230 
(-0.78) 

D1ret 
t-value 

-57.2274 
(-0.88) 

-57.5696 
(-0.63) 

-25.5830 
(-0.23) 

112.1639 
(0.80) 

121.8024 
(0.77) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 
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Table B9 
Realized correlations between TraHK and HS index futures, January 2006 and 

December 2011 
 

Model: ρet̃ = a + b1qet−1 + b2vet−1 + b3set−1 + b4ret−1 + b5D1ret−1 
Where 
ρet̃ is Fisher-Z transformed realized correlation between TraHK and HS index futures on 
day t 
qet−1 is relative turnover between TraHK and HS index futures on day t – 1 
set−1 is percentage bid-ask spread of TraHK on day t – 1 
vet−1 is volatility ratio between TraHK and HS index futures on day t – 1 
ret−1 is open-to-close return of TraHK on day t – 1 
rht−1 is open-to-close return of HS index on day t – 1  
D1 is a dummy variable where D1 = 1 if rht−1 < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
n 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

150.11 
(<0.0001) 

164.05 
(<0.0001) 

157.74 
(<0.0001) 

120.68 
(<0.0001) 

95.29 
(<0.0001) 

R2 0.3372 0.3574 0.3484 0.2903 0.2441 
Intercept 
t-value 

0.5395 
(37.66) *** 

0.7969 
(39.94) *** 

1.0026 
(40.79) *** 

1.2756 
(40.74) *** 

1.3458 
(38.51) *** 

qet−1 
t-value 

0.1039 
(21.48) *** 

0.1427 
(21.18) *** 

0.1645 
(19.82) *** 

0.1705 
(16.13) *** 

0.1633 
(13.84) *** 

set−1 
t-value 

-50.0665 
(-9.27) *** 

-82.2260 
(-10.93) *** 

-110.0933 
(-11.88) *** 

-145.3640 
(-12.32) *** 

-148.3363 
(-11.26) *** 

vet−1 
t-value 

-0.0337 
(-3.04) *** 

-0.0611 
 (-3.95) *** 

-0.0669 
(-3.52) *** 

-0.0450 
(-1.85) * 

-0.0514 
(-1.90) * 

ret−1 
t-value 

-0.0065 
(-0.02) 

-0.1531 
(-0.38) 

0.0051 
(0.01) 

-0.0575 
(-0.09) 

-0.3895 
(-0.55) 

D1ret−1 
t-value 

-0.2240 
(-0.54) 

-0.5283 
(-0.91) 

-1.1568 
(-1.62) 

-1.0956 
(-1.20) 

-1.1046 
(-1.09) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table B10 
Realized correlation between TraHK and HS index futures, January 2006 to 

December 2011 
 

Model 1: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret  
Model 2: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret + b5D1ret 
Model 3: ρet̃ = a + b1qet + b2vet + b3set−1 + b4ret + b5D2ret  
Where 
ρet̃ is Fisher-Z transformed realized correlation between TraHK and HS index futures on day t 
qet is relative turnover between TraHK and HS index futures on day t 
set−1 is percentage bid-ask spread of TraHK on day t – 1 
vet is volatility ratio between TraHK and HS index futures on day t 
ret is open-to-close return of TraHK on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if ret < 0 and D1 = 0 otherwise 
D2 is a dummy variable where D1 = 1 if rht < 0 and D2 = 0 otherwise 
 

 15-second 1-minute 
Parameters Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
n 1,482 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

152.49 
(<0.0001) 

132.13 
(<0.0001) 

122.13 
(<0.0001) 

163.49 
(<0.0001) 

137.75 
(<0.0001) 

130.72 
(<0.0001) 

R2 0.2924 0.3093 0.2928 0.3070 0.3183 0.3071 
Intercept 
t-value 

0.5307 
(36.45) *** 

0.5744 
(35.63) *** 

0.5311 
(36.45) *** 

0.9943 
(39.87) *** 

1.0560 
(38.10) *** 

0.9945 
(39.85) *** 

qet 
t-value 

0.0921 
(18.67) *** 

0.1000 
(19.80) *** 

0.0921 
(18.65) *** 

0.1463 
(17.31) *** 

0.1573 
(18.13) *** 

0.1463 
(17.30) *** 

set−1 
t-value 

-63.0636 
(-11.57) *** 

-63.9363 
(-11.87) *** 

-63.2414 
(-11.60) *** 

-125.4035 
(-13.44) *** 

-126.6360 
(-13.67) *** 

-125.4829 
(-13.43) *** 

vet 
t-value 

0.0256 
(2.27) ** 

0.0174 
(1.17) 

0.0256 
(2.28) ** 

-0.0345 
(-1.79) * 

-0.0519 
(-2.67) *** 

-0.0345 
(-1.79) * 

ret 
t-value 

0.0044 
(0.02) 

-1.8581 
(-5.12) *** 

57.2312 
(0.88) 

-0.6091 
(-1.85) * 

-3.2395 
(-5.19) *** 

24.9737 
(0.22) 

D1ret 
t-value 

 3.3286 
(6.01) *** 

  4.7013 
(4.94) *** 

 

D2ret 
t-value 

  -57.2274 
(-0.88) 

  -25.5830 
(-0.23) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table B11 
Individual asset characteristics of HS index constituent stocks, January 2006 to December 2011 

 
Characteristics Mean Std. Dev.  Skewness Kurtosis Maximum Median Minimum 
Effective index weights 0.0244 0.0362 3.2062 10.4703 0.2500 0.0123 0.0011 
wit ≥ 10% 0.1467 0.0292 1.8831 4.0790 0.2500 0.1410 0.1001 
10% > wit ≥ 1% 0.0210 0.0113 1.7077 3.1529 0.0998 0.0177 0.0100 
1% > wit 0.0064 0.0022 -0.2249 -0.8522 0.0100 0.0065 0.0011 
Total index weights        
wit ≥ 10% 0.4226 0.0372 0.5600 0.6089 0.5275 0.4191 0.2686 
10% > wit ≥ 1% 0.4792 0.0403 -0.4812 0.0519 0.6279 0.4886 0.3695 
1% > wit 0.0982 0.0169 -0.2612 -0.4198 0.1389 0.0992 0.0549 
Relative turnover 0.0244 0.0318 3.2951 18.5528 0.4976 0.0115 0.0002 
wit ≥ 10% 0.0956 0.0509 2.4886 9.0626 0.4976 0.0822 0.0226 
10% > wit ≥ 1% 0.0268 0.0250 2.1464 7.4213 0.2919 0.0183 0.0005 
1% > wit 0.0075 0.0068 3.9101 35.5279 0.1725 0.0057 0.0002 
Total relative turnover        
wit ≥ 10% 0.2751 0.0766 1.1659 0.0059 0.5875 0.2581 0.1139 
10% > wit ≥ 1% 0.6092 0.0750 -0.8860 0.9403 0.7817 0.6205 0.3048 
1% > wit 0.1146 0.0336 0.6357 0.2736 0.2546 0.1097 0.0422 
Turnover-to-weight 1.2379 1.1892 4.5250 48.6037 33.8807 0.8647 0.0336 
wit ≥ 10% 0.6382 0.2586 2.1236 8.1790 2.7959 0.5813 0.2233 
10% > wit ≥ 1% 1.2797 1.0822 2.5243 10.5731 14.0681 0.9272 0.0429 
1% > wit 1.2885 1.3989 5.5334 60.8748 33.8807 0.8794 0.0336 
Percentage bid-ask spread 0.0019 0.0012 3.6539  22.9883 0.0236 0.0016 0.0004 
wit ≥ 10% 0.0011 0.0005 1.3294 1.1953 0.0039 0.0009 0.0005 
10% > wit ≥ 1% 0.0017 0.0009 3.2235 17.6945 0.0097 0.0015 0.0004 
1% > wit 0.0022 0.0013 3.8206 25.6212 0.0236 0.0020   0.0006 
Volatility ratio   -0.4684 0.5049 0.3306 1.1635 2.6466 -0.4955 -3.7869 
wit ≥ 10% -0.2154 0.4939 0.2897 1.0787 2.6466 -0.2242 -2.2165 
10% > wit ≥ 1% -0.4342 0.5031 0.3565 1.3200 2.4927 -0.4625 -3.7869 
1% > wit -0.5637 0.4839 0.3145 1.1123 2.0558 -0.5859   -3.4032 
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Open-to-close return -0.0228 2.8544 -2.0562 47.7257 26.0941 0 -84.9581 
wit ≥ 10% 0.0022 2.3966 -0.2901 12.0805 21.4987 0 -26.5402 
10% > wit ≥ 1% 0.0140 2.6865 -1.6111 34.9574 26.0941 0 -7.1835 
1% > wit -0.0833 3.2114 -2.4846 54.4800 24.8051 0 -84.9581 
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Table B12 
Correlation matrix between individual asset characteristics and realized correlations of HS index constituent stocks, January 2006 to 

December 2011 
 

 30-sec ρit̃  1-min ρit̃ 3-min ρit̃ 5-min ρit̃ wit qit sit vit rit rht 
15-sec ρit̃ 0.8360 0.7264 0.6032 0.5431 0.1424 0.1328 -0.1400 -0.0089 -0.0048 0.0106 
p-value (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0287) (0.2335) (0.0093) 
30-sec ρit̃ 1.0000 0.8901 0.7437 0.6662 0.2061 0.2027 -0.1744 -0.0423 -0.0254 -0.0032 
p-value  (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.4325) 
1-min ρit̃  1.0000 0.8359 0.7484 0.2468 0.2536 -0.1853 -0.0357 -0.0343 -0.0071 
p-value   (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0786) 
3-min ρit̃   1.0000 0.8467 0.2741 0.2948 -0.1909 -0.0232 -0.0529 -0.0180 
p-value    (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
5-min ρit̃    1.0000 0.2574 0.2807 -0.1747 -0.0034 -0.0480 -0.0203 
p-value     (<0.0001) (<0.0001) (<0.0001) (0.4049) (<0.0001) (<0.0001) 
wit     1.0000 0.7585 -0.2262 -0.1581 0.0078 0.0022 
p-value      (<0.0001) (<0.0001) (<0.0001) (0.0559) (0.5869) 
qit      1.0000 -0.2017 -0.0330 0.0229 0.0026 
p-value       (<0.0001) (<0.0001) (<0.0001) (0.5169) 
sit       1.0000 0.3229 -0.0106 0.0085 
p-value        (<0.0001) 0.0086 (0.0339) 
vit        1.0000 0.0314 0.0153 
p-value         (<0.0001) (0.0002) 
rit          0.4586 
p-value          (<0.0001) 

 
 
Notes: 
1. Pearson’s correlation coefficients between realized correlation and individual asset characteristics of HS index constituent stocks 
2. H0: ρij = 0; H1: ρij ≠ 0 
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Table B13 
Realized correlations between HS index constituent stocks and HS index futures, 

January 2006 and December 2011 
 
Model: ρit̃ = a + b1wit−1 + b2qit + b3D1qit + b4D2qit + b5D3qit+b6sit−1 + b7vit + b8rit + b9D4rit 
Where 
ρit̃ is Fisher-Z transformed realized correlation between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t – 1 
qit is relative turnover of stock i on day t 
sit−1 is percentage bid-ask spread of stock i on day t – 1 
vit is volatility ratio between stock i and HS index futures on day t 
rit is open-to-close return of stock i on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if qit > wit−1 and D1 = 0 otherwise 
D2 is a dummy variable where D2 = 1 if wit−1 ≥ 10% and D2 = 0 otherwise 
D3 is a dummy variable where D3 = 1 if 1% ≥ wit−1 > 10% and D3 = 0 otherwise 
D4 is a dummy variable where D4 = 1 if rht < 0 and D4 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
Time Series 1,482      1,482       1,482      1,482  1,482 

Cross Section 56 56 56 56 56 

Hausman m 1.76 1.83 1.54 1.48 1.22 

Pr > m (0.9948) (0.9938) (0.7158) (0.9973) (0.9987) 

Intercept 0.0377 0.0781 0.1302 0.2295 0.2770 

t-value (1,707.18) *** (848.69) *** (482.16) *** (282.42) *** (232.26) *** 

wit−1 0.1541 0.1603 0.3472 0.9128 1.0903 

t-value (180.56) *** (43.49) *** (31.73) *** (27.89) *** (22.95) *** 

qit -0.5724 -0.7985 -1.0340 -1.1891 -1.3967 

t-value (-1,446.50) *** (-543.55) *** (-237.71) *** (-83.17) *** (-63.64) *** 

D1qit 0.0680 0.1127 0.1967 0.0400 0.03709 

t-value (551.55) *** (250.61) *** (159.73) *** (12.83) *** (8.31) *** 

D2qit 0.3048 0.3415 0.2887 0.3748 0.5866 

t-value (733.20) *** (213.13) *** (61.59) *** (25.11) *** (26.39) *** 

D3qit 0.2401 0.3189 0.4126 0.7608 0.9255 

t-value (604.83) *** (215.28) *** (95.19) *** (51.51) *** (40.36) *** 

sit−1 -1.7772 -3.5172 -5.9358 -11.2570 -11.1038 

t-value (-529.72) *** (-262.26) *** (-140.23) *** (-74.21) *** (-49.04) *** 

vit 0.0093 0.0103 0.0124 0.0168 0.0119 

t-value (1,419.95) *** (461.93) *** (214.25) *** (105.61) *** (47.91) *** 

rit 0.1184 0.1664 0.2128 0.4388 0.6825 

t-value (1,973.24) *** (906.11) *** (444.32) *** (282.79) *** (243.87) *** 

D4rit -0.1744 -0.2863 -0.4260 -0.9694 -1.4680 

t-value (-1,607.60) *** (-687.67) *** (-368.54) *** (-290.22) *** (-250.41) *** 

 
Notes: 
1. The panel data regression models are estimated by two-way random effect method with Arellano 

(1987) version of White (1980) Heteroscedasticity-Correlated Covariance Matrices. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table B14 
Realized correlations between HS index constituent stocks and HS index futures, 

January 2006 and December 2011 
 
Model: ρit̃ = a + b1wit−1 + b2qit−1 + b3D1qit−1 + b4D2qit−1 + b5D3qit−1+b6sit−1 + b7vit + b8rit−1 + b9D4rit−1 
Where 
ρit̃ is Fisher-Z transformed realized correlation between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t – 1 
qit−1 is relative turnover of stock i on day t – 1 
sit−1 is percentage bid-ask spread of stock i on day t – 1 
vit−1 is volatility ratio between stock i and HS index futures on day t – 1 
rit−1 is open-to-close return of stock i on day t – 1 
rht−1 is open-to-close return of HS index on day t – 1 
D1 is a dummy variable where D1 = 1 if qit−1 > wit−1 and D1 = 0 otherwise 
D2 is a dummy variable where D2 = 1 if wit−1 ≥ 10% and D2 = 0 otherwise 
D3 is a dummy variable where D3 = 1 if 1% ≥ wit−1 > 10% and D3 = 0 otherwise 
D4 is a dummy variable where D4 = 1 if rht−1 < 0 and D4 = 0 otherwise 
 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 

Time Series 1,482      1,482       1,482      1,482  1,482 

Cross Section 56 56 56 56 56 

Hausman m 2.52 2.99 3.03 2.95 2.52 

Pr > m (0.9804) (0.9647) (0.9633) (0.9663) (0.9804) 

Intercept 0.0396 0.0792 0.1305 0.2287 0.2743 

t-value (1,670.28) *** (822.38) *** (455.61) *** (261.05) *** (208.04) *** 

wit−1 0.0654 0.0479 0.1832 0.7482 0.8320 

t-value (72.72) *** (12.78) *** (16.13) *** (21.89) *** (16.39) *** 

qit−1 -0.3095 -0.4612 -0.5650 -0.6875 -0.6987 

t-value (-733.96) *** (-285.98) *** (-118.13) *** (-43.20) *** (-27.84) *** 

D1qit−1 0.0455 0.0700 0.1219 0.1641 0.0495 

t-value (334.34) *** (130.60) *** (82.13) *** (39.42) *** (7.56) *** 

D2qit−1 0.1306 0.1217 0.0049 -0.0328 0.1312 

t-value (286.54) *** (69.81) *** (0.95) (-1.97) ** (5.18) *** 

D3qit−1 0.1166 0.1885 0.2246 0.4371 0.6294 

t-value (276.24) *** (118.00) *** (47.17) *** (27.02) *** (24.56) *** 

sit−1 -1.4272 -3.5972 -6.6938 -12.8708 -13.5394 

t-value (-440.07) *** (-267.79) *** (-158.59) *** (-84.09) *** (-59.21) *** 

vit−1 0.0033 0.0071 0.0132 0.0246 0.0283 

t-value (347.24) *** (209.83) *** (130.79) *** (82.97) *** (65.09) *** 

rit−1 0.0036 0.04760 0.0749 0.1310 0.1479 

t-value (347.24) *** (285.76) *** (135.73) *** (67.83) *** (47.22) *** 

D4rit−1 -0.0022 -0.0741 -0.1503 -0.2705 -0.2944 

t-value (-8.59) *** (-199.98) *** (-121.17) *** (-71.45) *** (-52.71) *** 

 
Notes: 
1. The panel data regression models are estimated by two-way random effect method with Arellano 

(1987) version of White (1980) Heteroscedasticity-Correlated Covariance Matrices. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table B15 
Realized correlations between HS index constituent stocks and HS index futures, January 2006 to December 2011 

 
Model 1: ρit̃ = a + b1wit−1 + b2qit+b3sit−1 + b4vit + b5rit 
Model 2: ρit̃ = a + b1wit−1 + b2qit + b3D1qit+b4sit−1 + b5vit + b6rit + b7D4rit 
Model 3: ρit̃ = a + b1wit−1 + b2qit + b3D1qit + b4D2qit + b5D3qit+b6sit−1 + b7vit + b8rit + b9D4rit 
Model 4: ρit̃ = a + b1wit−1 + b2qit + b3D1qit + b4D2qit + b5D3qit+b6sit−1 + b7vit + b8rit + b9D5rit 
Where 
ρit̃ is Fisher-Z transformed realized correlation between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t – 1 
qit is relative turnover of stock i and on day t 
sit−1 is percentage bid-ask spread of stock i on day t – 1 
vit is volatility ratio between stock i and HS index futures on day t 
rit is open-to-close return for stock i on day t 
rht is open-to-close return for HS index on day t 
D1 is a dummy variable where D1 = 1 if qit > wit−1 and D1 = 0 otherwise 
D2 is a dummy variable where D2 = 1 if wit−1 ≥ 10% and D2 = 0 otherwise 
D3 is a dummy variable where D3 = 1 if 1% ≥ wit−1 > 10% and D3 = 0 otherwise 
D4 is a dummy variable where D4 = 1 if rit < 0 and D4 = 0 otherwise 
D5 is a dummy variable where D5 = 1 if rht < 0 and D5 = 0 otherwise 
 

 15-second 1-minute 
Parameters Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 
Hausman M 
Pr > M 

1.35 
(0.9293) 

2.09 
(0.9544) 

2.24 
(0.9871) 

1.76 
(0.9948) 

1.08 
(0.9558) 

1.86 
(0.9673) 

2.15 
(0.9984) 

1.54 
(0.9969) 

Intercept 
t-value 

0.0365 
(1,715.83) *** 

0.0373 
(1,756.96) *** 

0.0387 
(1,738.26) *** 

0.0377 
(1,707.18) *** 

0.1325 
(504.27) *** 

0.1337 
(509.14) *** 

0.1323 
(486.23) *** 

0.1302 
(482.16) *** 

wit−1 
t-value 

0.1473 
(169.09) *** 

0.1748 
(206.08) *** 

0.1404 
(162.68) *** 

0.1541 
(180.56) *** 

0.1630 
(14.91) *** 

0.2712 
(25.25) *** 

0.3185 
(28.85) *** 

0.3472 
(31.73) *** 

qit 
t-value 

-0.2274 
(-1,578.90) *** 

-0.2883 
(-1,501.50) *** 

-0.5151 
(-1,271.60) *** 

-0.5724 
(-1,446.50) *** 

-0.4456 
(-274.51) *** 

-0.6533 
(-338.83) *** 

-0.9139 
(-200.22) *** 

-1.0340 
(-237.71) *** 

D1qit 
t-value 

 0.0642 
(520.80) *** 

0.0658 
(535.98) *** 

0.0680 
(551.55) *** 

 0.1990 
(165.78) *** 

0.1919 
(156.23) *** 

0.1967 
(159.73) *** 

D2qit   0.2600 0.3048   0.1950 0.2887 



73 
 

t-value (605.45) *** (733.20) *** (39.73) *** (61.59) *** 
D3qit 
t-value 

  0.2075 
(518.21) *** 

0.2401 
(604.83) *** 

  0.3452 
(77.49) *** 

0.4126 
(95.19) *** 

sit−1 
t-value 

-1.7378 
(-509.97) *** 

-1.7467 
(-507.96) *** 

-1.7818 
(-526.50) *** 

-1.7772 
(-529.72) *** 

-6.1488 
(-143.82) *** 

-6.1583 
(-142.06) *** 

-5.9500 
(-138.03) *** 

-5.93658 
(-140.23) *** 

vit 
t-value 

0.0093 
(1,423.59) *** 

0.0103 
(1,372.55) *** 

0.0106 
(1,405.99) *** 

0.0093 
(1,419.95) *** 

0.0130 
(226.01) *** 

0.015 
(228.14) *** 

0.0151 
(230.72) *** 

0.0124 
(214.25) *** 

rit 
t-value 

0.0188 
(604.82) *** 

-0.0614 
(-619.34) *** 

-0.0495 
(-493.11) *** 

0.1184 
(1,973.24) *** 

-0.0271 
(-68.16) *** 

-0.1712 
(-158.96) *** 

-0.1643 
(-145.23) *** 

0.2128 
(444.32) *** 

D4rit 
t-value 

 0.1525 
(744.62) *** 

0.1332 
(649.08) *** 

  0.2739 
(114.35) *** 

0.2630 
(105.38) *** 

 

D5rit 
t-value 

   -0.1744 
(-1,607.60) *** 

   -0.4260 
(-368.54) *** 

 
Notes: 
1. The panel data regression models are estimated by two-way random effect method with Arellano (1987) version of White (1980) Heteroscedasticity-Correlated 

Covariance Matrices. 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 
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CHAPTER 3 

THE IMPACT OF MARKET CONDITIONS AND SINGLE ASSET 

CHARACTERISTICS ON THE INTRADAY LEAD-LAG RELATIONSHIP 

BETWEEN INDEX FUTURES AND INDIVIDUAL CASH ASSETS 
 

3.1 Introduction 

 

The existence and persistence of a lead-lag relationship between index futures and cash 

index prices contradicts with the notion of an efficient capital market since astute 

investors can profit consistently by trading in the cash stock basket following futures 

price movement. Many studies have proposed various possible causes for the apparent 

anomaly. Aside from the usual caveat related to non-synchronous trading, bid-ask 

bounces, market impact costs, and other reasons; one of the important causes relates to 

relative information efficiency of individual cash assets. However, most of the previous 

studies on lead-lag relationship between index futures and index prices focus on index-

level dynamics, i.e. price adjustments of index futures and underlying cash index when 

actual index futures prices deviate from the no-arbitrage bounds. As the underlying cash 

index is non-tradable, price adjustment of the cash index is indeed price adjustment of 

individual underlying index constituent stocks. Findings of Chapter 2 reveal that market 

conditions and single asset characteristics of individual cash assets drive variations in 

their realized correlations with index futures. Obviously, differential price adjustment 

speed of individual cash assets in response to arrival of new information causes 

significant differences in lead-lag relationship between index futures and individual cash 

assets. Chapter 3 examines how and to what extent market conditions and single asset 

characteristics affect the intraday lead-lag relationship between index futures and 

individual cash assets. 

 

Extending upon analyses of Chapter 2, single asset characteristics of index weight, relative 

turnover, percentage bid-ask spread, volatility ratio, open-to-close return are used to 

explain variations in daily lead-lag relationship between HS index futures and individual 

cash assets represented by the LLRs. Empirical results suggest that the lead of HS index 

futures over individual cash assets is negatively related to index weight, relative turnover 

and volatility ratio but positively related to percentage bid-ask spread and open-to-close 

returns. 

 

3.2 Literature Review 

 

Chapter 3 starts with reviewing relevant studies on the lead-lag relationship between 

futures and cash assets. 
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3.2.1 Lead-lag relationship between index futures and index returns 

 

Lead-lag relationship between futures and cash markets is well documented in the 

literature. Co-integration and error correction model (ECM) proposed by Engle and 

Granger (1987) are econometric techniques used to model the lead-lag relationship. 

  

Kawaller, Koch and Koch (1987) analyze intraday price relations between S&P500 index 

and the corresponding index futures. The authors analyze data for S&P500 futures 

contract prices and index prices for the period from January 1984 to December 1985. 

Their results suggest that S&P500 index futures prices lead cash index prices by 20 to 45 

minutes. In contrast, cash index prices rarely lead index futures prices. The expiration of 

index futures contracts has no impact on the lead-lag relationship. Relative magnitudes 

of the coefficients for contemporaneous and lag returns indicate that past prices are not 

predictive of future price movements. This is consistent with implications of weak-form 

Efficient Market Hypothesis (EMH). 

 

Abhyankar (1998) tests for existence of linear and non-linear Granger causality between 

FTSE100 index futures and the underlying cash index returns. The author finds evidences 

that non-linear bi-directional causal relationship exists between futures and cash 

markets. The results are significant after controlling for non-synchronous trading of index 

constituent stocks. The study suggests that the cost-of-carry model does not adequately 

capture the impact of market frictions and non-linear effects should be included in 

dynamic models. 

 

Tse (1995) examines the lead-lag relationship between Nikkei Stock Average (NSA) and 

associated index futures contracts traded on Tokyo Stock Exchange (TSE). The author 

analyzes the dynamic relationship between futures and cash prices during and after the 

financial market crash. He finds evidences that the adjustments of the cash index prices 

depend on futures price changes. He also finds that ECM has the best forecasting ability 

compared with other econometric models. 

 

Koutmos and Tucker (1996) estimate an ECM using daily return series of S&P500 index 

futures and underlying cash index for the period from 1 April 1984 to 31 December 1993. 

Statistical results indicate that volatilities of futures market are unaffected by bad news. 

Correlation between index futures and index returns diminishes during the period 

surrounding the October 1987 market crash. Their findings suggest that the covariance 

structure between futures and cash markets is changing over time. 
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Jong and Donders (1998) analyze high frequency data for Amsterdam Exchange Index 

(AEX) futures, call options and underlying cash index for two sample periods: from 20 

January to 17 July 1992 and from 4 January to 18 June 1993. The authors find that index 

futures returns lead option and index returns by 5 to 10 minutes on average. The lead of 

index futures returns is ascribed to non-synchronous trading of the index constituent 

stocks and trading advantages of index futures contracts such as: lower transaction costs, 

higher leverage and capable of short-selling. Index futures contract is thus a preferred 

vehicle for traders to capitalize on market-wide information. 

 

Martens, Kofman and Vorst (1998) fit a threshold vector ECM (TVECM) to S&P500 index 

futures and index return series for the month of May and November 1993. The authors 

find that the adjustment speed of index futures and index returns are the fastest (medium) 

when index futures are overpriced (underpriced). Minimal adjustments when index 

futures prices stay within the no-arbitrage bounds. Obviously, arbitrageurs trade only 

when the index futures mispricing is sufficient to cover their transaction costs, interest 

rate and dividend risks. 

 

Taylor, Dijk, Frances and Lucas (2000) define a smooth transition error correction model 

(STECM) to gauge the impact of differential costs of arbitrageurs on adjustment 

mechanics between FTSE100 index futures and the underlying cash index. The authors 

compare the dynamics before and after the introduction of Stock Exchange Electronic 

Trading Service (SETS) by London Stock Exchange (LSE) in 1997. They estimate the 

STECM with sample data from 8 September 1997 to 17 October 1997, the pre-SETS 

period, and from 5 January 1998 to 13 February 1998, the post-SETS period. Their results 

indicate that the index returns adjust faster than index futures returns, in absolute term, 

during the post-SETS period. This implies that migration to SETS lowers relative trading 

costs of stocks compared to futures and strengthens the error correction forces of stocks. 

 

Brooks, Rew and Ritson (2001) study the lead-lag relationship between FTSE100 index 

futures and underlying cash index for the period from June 1996 to June 1997. The 

authors find that lagged index futures price changes are capable to predict underlying 

cash index price changes. The empirical findings suggest that ECM is the best forecasting 

model. They develop and test a trading strategy using the ECM to forecast the index price 

changes. The results show that the strategy cannot beat a passive benchmark after 

accounting for transaction costs. 

 

Tse (2001) adopts the smooth transition autoregressive error correction model (STAECM) 

to analyze dynamic behaviors of DJIA index futures and index prices for the period from 

June 1998 to March 1999. The empirical results suggest that traders establish futures 
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positions first as index futures returns react more promptly and adjust faster to 

mispricing. The author shows that bad news has greater impact on index arbitrage 

trading as both cash and futures traders respond more rapidly to index futures under-

pricing. 

 

Fung and Yu (2007) develop a four-regime STAECM to capture the impact of order 

imbalances and pricing errors on dynamic relationship between HS index futures and HS 

index returns. The authors estimate the STAECM with intraday data from two distinct 

periods, the Pre-crisis Period, from November 1996 to April 1997 and the Post-Crisis 

Period from August 1997 to January 1998. Adjustment coefficients for index futures and 

index returns are larger in magnitude and assume the correct signs when forces of error 

correction and order imbalance work in the same direction. On the other hand, 

adjustment of index futures and index returns are weaker when the two forces work in 

opposite directions. Results for Pre- and Post-Crisis periods are qualitatively the same 

except that stronger error correction dynamics is observed in the latter period. The 

authors conclude that the error correction speed of stocks affects correlation and lead-

lag relationship between index futures and index prices. Their results suggest that 

arbitrageurs should use index constituent stocks which move closely or even lead changes 

in index futures prices to exploit potential arbitrage opportunities. 

 

Chung, Chan and Batten (2011) model dynamic relationship between HS index futures 

and HS index return series with a bi-variate threshold autoregressive (TAR) model. The 

authors define the arbitrage basis as differences between logarithmic index futures and 

index prices at a certain point of time. This helps to identify exact threshold values for 

measuring regime shifts and predict arbitrage directions. The model is estimated with 

daily data for the period from 1 April 1992 to 29 September 2006. The author finds that 

the lead-lag relationship between HS index futures and HS index returns are non-linear 

and asymmetric. 

 

Garrett and Taylor (2001) model dynamic behaviors of FTSE100 index futures and index 

return series between 5 January 1998 and 24 April 1998 with a TAR model. The authors 

detect significant first-order autocorrelation in the FTSE100 index futures mispricing 

series. Instead of ascribing autocorrelation to market microstructure factors and 

arbitrage trading, the authors conclude that this is only a statistical illustration. 

 

Taylor (2011) compares performances of linear, threshold and smooth transition error 

correction models in capturing dynamic behaviors of S&P500 index futures and 

underlying cash index prices. The author estimates the models with high-frequency data 

for the period from 2 January 2001 to 31 December 2002. His empirical results reveal 
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that STECM provides a better fit to the data. The author finds that propensity-to-arbitrage 

is stronger in the middle of the day and against negative mispricing. This justifies the use 

of STECM as the propensity-to-arbitrage is asymmetric and non-linear. 

 

Theissen (2012) examines the impact of arbitrage trading on dynamic relationship 

between returns of Deutscher Aktien IndeX (DAX) index futures, index and ETFs. Sample 

data of the study comes from first quarter of 1999. The author estimates two sets of ECMs 

between DAX index futures, the underlying cash index and ETFs. His empirical results 

indicate that arbitrage trading significantly affects the dynamics between futures and 

cash markets. As futures market lead the cash market, the author concludes that the 

former is more information efficient.  

 

Gaul and Theissen (2014) estimate a partially linear error correction model with sample 

data for DAX index futures and underlying cash index in the first quarter of 1999. They 

find non-linear adjustment behaviors between DAX index futures and index returns. 

Adjustment speeds of index futures and index returns increase monotonically with 

magnitude of pricing errors. 

 

Huth and Abergel (2014) provide theoretically proof that LLR is capable of handling 

random measurement intervals. They also provide supportive evidences that LLR is 

appropriate for estimating lead-lag relationship between financial assets at high 

frequency level. This study employs LLR to quantify the lead-lag relationship between 

index futures and individual cash assets on a daily basis. 

 

3.2.2 Proxy portfolio 

 

Arbitrageurs construct proxy portfolios with selected stocks from an index basket to 

increase execution efficiency of arbitrage trades. Sofianos (1993) finds that arbitrageurs 

trade only 280 S&P500 index constituent stocks on average and 8% of the arbitrage 

trades use less than 70 index constituent stocks. Fung and Draper (2002) have similar 

findings where arbitrageurs in Hong Kong use only 22 out of the 33 HS index constituent 

stocks for index arbitrage trading. Corielli and Marcellino (2006) propose a new approach 

in constructing tracking portfolio for EuroStoxx50 index. The model has much lower 

tracking errors than conventional methods. 

 

3.2.3 Non-synchronous trading 

 

MacKinlay and Ramaswamy (1988) find that non-synchronous trading of index 

constituent stock causes lead-lag relationship between S&P500 index futures and index 
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price changes. Harris (1989) shows that S&P500 index futures returns lead over the “true” 

S&P500 index returns, re-constructed assuming that all index constituent stocks are 

traded within the same measurement intervals. Stoll and Whaley (1990) have similar 

findings. Miller, Muthuswamy and Whaley (1994) show that the S&P500 index basis 

remains statistically significant after purging for non-synchronous trading of the index 

constituent stocks. 

 

3.2.4 Liquidity 

 

Chordia, Roll and Subrahmanyam (2001) find that market liquidity and trading activity 

are highly correlated and jointly determine the dynamic relationship between futures and 

cash returns. Roll, Schwartz and Subrahmanyam (2007) show that market liquidity affect 

changes in futures to cash basis and has greater impact on pricing of illiquid longer term 

index futures contracts. Chordia, Roll and Subrahmanyam (2008) suggest that enhancing 

market liquidity facilitate the incorporation of private information into asset prices and 

increase informational efficiency of financial markets. Chordia, Roll and Subrahmanyam 

(2011) conclude that a greater amount of information-based trading by institutions 

enhance information efficiency of financial markets. Li (2011) finds significant negative 

relationship between the daily price volatility of S&P500 index futures and cash market 

liquidity. Lien, Lim, Yang and Zhou (2013) show that decrease in market liquidity is 

associated with increase in future-cash basis. 

 

3.2.5 Idiosyncratic information 

 

Ross (1989) proposes that the volatility of financial asset returns be used as a measure of 

information flow to the asset. Fremault (1991) proves theoretically that index arbitrage 

trading affects information flow between futures and cash markets. Chan (1992) finds 

that lead-lag relationship between futures and cash markets is affected by the trading 

intensity of the two markets. Chan and Chung (1993) show that index arbitrage trading 

affects the intraday volatilities of index futures and underlying cash assets. Frino, Walter 

and West (2000) find evidences that the releases of major macroeconomic information 

strengthen the lead of stock index futures returns over index returns whereas releases of 

stock-specific information has  the opposite effect. 

 

3.2.6 Regulatory restrictions 

 

Brenner, Subrahmanyam and Uno (1990) find that the lead-lag relationship between 

futures and cash markets is caused by regulatory restrictions imposed on trading 

Japanese stocks. Yadav and Pope (1990) point out that short-selling restriction of stocks 
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traded on LIFFE causes abnormal positive returns on overpricing of FTSE100 index 

futures contracts. Kempf (1998) shows that the German DAX index futures has stronger 

mean reversion when the futures are over-priced as short-selling restrictions limit the 

extent of long futures short stock arbitrage. Fung and Jiang (1999) find evidences that the 

lead of HS index futures returns over HS index returns is strengthened and the two 

markets become more integrated after the abolishment of short-sale restrictions. Hung 

and Fung (2001) find that index futures prices have stronger (weaker) reversion in 

response to index futures overpricing (under-pricing). The authors also find stronger 

reversion of index futures and index prices in the sample period with the least restrictive 

short-sale constraints. The findings suggest that the removal of short-selling restrictions 

on cash stocks shorten the adjustment time of index futures and index returns especially 

when the mispricing is large. Jiang, Fung and Cheng (2001) suggest that short-selling of 

cash assets enhance information efficiency of cash market and weaken the lead of futures 

returns. Draper and Fung (2003) show that the magnitude of index futures mispricing is 

significantly larger during the intervention period due to increased difficulties associated 

with short-selling the index constituents stocks. Index futures mispricing gradually 

declines after the intervention. McMillan and Ü lkü (2009) state that difficulties in short-

selling cash stocks in Turkey cause persistent under-pricing of index futures as investors 

can only short the market via index futures. Chen and Rhee (2010) demonstrate that 

stocks which are more capable to be short-sold react more rapidly to the arrival of both 

firm-specific and market-wide information. The faster adjustment speed of “short-able” 

stocks is observed in both up and down markets. The authors also find that “short-able” 

stocks with higher trading volume and liquidity have faster adjustment speeds. Easton, 

Pinder and Uylangco (2013) illustrate that short-sale restrictions limit traders’ 

capabilities to exploit pricing discrepancies between securities. Trading and arbitrage 

activities resume normal after removal of the restrictions. 

 

3.3 Hypotheses 

 

The following research hypotheses are constructed to test the impact of effective index 

weight, relative turnover, percentage bid-ask spread, volatility ratio and open-to-close 

return on the lead-lag relationship between index futures and individual cash assets. 

 

H1: Futures lead is negatively related to the stock’s index weight 

 

H2:  Futures lead is negatively related to the asset’s relative turnover 

 

H3:  Futures lead is positively related to the asset’s percentage bid-ask spread 
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H4:  Futures lead is negatively related to the asset’s relative volatility against futures 

 

H5:  Futures lead is negatively related to the asset’s open-to-close return 

 

H1 tests if futures lead over the largest index constituent stocks is smallest as arbitrageurs 

use these stocks to execute index arbitrage trades. H2 tests the conjecture that higher 

relative turnover of cash asset strengthen futures lead over the asset. H3 examines 

whether or not futures lead is smaller for cash assets with lower percentage bid-ask 

spread (market impact cost). H4 tests the negative relationship between futures lead and 

relative volatility of individual cash asset. H5 verifies if short-sale constraint limits price 

adjustments of cash asset in down markets and strengthens futures lead. 

 

3.4 Data 

 

This study uses bid and ask quotes of HS index futures, HS index constituent stocks and 

TraHK provided by the HKEx. The use of bid-ask quotes alleviates the problem of non-

synchronous trading and bid-ask price bounces. Only data records in continuous trading 

sessions are used as they represent immediate and collective actions of market 

participants in response to the arrival of new information. This study also use official HS 

index quotes provided by the HSIL. Sample period of the study is from January 2006 to 

December 2011. The prolonged data history allows examination of changes in lead-lag 

relationship between HS index futures and individual cash assets throughout an 

economic cycle. 15-second is the finest measurement interval in the study. This matches 

with the reporting time frame of HS index values. Time series is generated by assigning 

observed quote before or equal to a specified time point as value for that particular 

measurement interval. If there is no change in value for two successive intervals, the 

current value is carried forward to the next interval. The assignment process continues 

until each and every time slot is filled up from the start of the market to its closing. 

 

3.5 Methodologies 

 

This study examines how and to what extent effective index weight, relative turnover, 

percentage bid-ask spread, volatility ratio and open-to-close return of individual cash 

assets affect lead-lag relationship between the assets and index futures. 

 

 

3.5.1 Lead-lag ratio (LLR) 

 

This study modifies the methodology of Huth and Abergel (2014) to estimate LLR 

between HS index futures and individual cash assets. 
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LLR between returns of asset i and HS index futures on day t (lit) is computed as follows: 

lit =
∑ ρj

2(rft−j,rit)
p
j=1

∑ ρj
2(rft+j,rit)

p
j=1

              (C1) 

Where 

ρj
2(rft−j, rit) is squared partial cross-correlation between contemporaneous returns of 

asset i  and lead returns of HS index futures, ρj
2(rft+j, rit)  is squared partial cross-

correlation between contemporaneous returns of asset i and lag returns of HS index 

futures and p is the number of lead and lag terms. 

 

3.5.2 Effective index weights 

 

Effective index weight of HS index constituent stock represents likelihood of the stock 

being included in proxy portfolio. 

 

Effective index weight of stock i on day t (wit) is defined as follows. 

wit = Min(
PitQit

∑ PitQit
nt
i=1

, Ct)            (C2) 

Where 

Pit is stock i’s closing price, Qit is stock i’s number of shares outstanding, nt is number 

of HS index constituent stocks and Ct is the cap on index weight 

 

3.5.3 Relative turnover 

 

Relative turnover is a proxy for trading frequency of individual cash asset. 

 

Relative turnover for HS index on day t (qht) is defined as: 

qht = ln [
∑ ∑ PijQij

nj
j=1

nt
i=1

∑ PfkQfk
nk
k=1

(50)
]             (C3) 

Where 

Pij is stock i’s traded price at transaction j, Qij is stock i’s number of shares traded at 

transaction j, nj  is stock i’s number of transactions, nt  is number of HS index 

constituent stocks, Pfk  is traded price of HS index futures spot month contract at 

transaction k, Qfk  is number of HS index futures spot month contracts traded at 

transaction k, nk is number of HS index futures spot month transactions and 50 is HS 

index futures contract multiplier 

 

Relative turnover of TraHK on day t (qht) is defined as: 
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qet = ln [
∑ PjQj
nj
j=1

∑ PfkQfk(50)
nk
k=1

]             (C4) 

Where 

Pj  is TraHK traded price at transaction j, Qj  is number of TraHK shares traded at 

transaction j and nj is number of TraHK transactions 

 

Relative turnover of stock i on day t (qit) is defined as below. 

qit =
∑ PijQij
nj
j=1

∑ ∑ PijQij
nj
j=1

nt
i=1

              (C5) 

 

The relative turnover of index and ETF are normalized by taking natural logarithm. As 

relative turnover of individual index constituent stock is a turnover-weighted index, it is 

not log-transformed. 

 

3.5.4 Percentage bid-ask spread 

 

Percentage bid-ask spread is a proxy for the liquidity condition of individual cash asset. 

 

Percentage bid-ask spread of asset i at time t (sit) is defined as follows. 

sit =
Ait−Bit

Pit
(100)              (C6) 

Where 

Ait is stock i’s ask quote, Bit is stock i’s bid quote and Pit is stock i’s mid-quote 

 

Percentage bid-ask spreads measured at 1-minute intervals for a particular trading day 

are averaged to generate a daily measure. 

 

3.5.5 Volatility ratio 

 

Logarithm ratio between realized volatility of individual cash asset and HS index futures 

measured at 1-minute intervals is a proxy for the amount of idiosyncratic information 

available to the cash asset. 

 

Volatility ratio between asset i and HS index futures on day t (vit) is defined as follows: 

vit = ln (
σit

σft
)               (C7) 

Where 

σit and σft are realized volatilities of asset i and HS index futures, respectively. 
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3.5.6 Open-to-close return 

 

Open-to-close return of individual cash asset is a proxy for short-selling capabilities of the 

asset. 

 

Open-to-close return of asset i on day t (rit) is defined as follows. 

rit = ln (
Pit−1

Pit
)               (C8) 

Where 

Pit−1 and Pit are opening and closing prices of asset i, respectively. 

 

3.5.7 Regression analysis 

 

A set of multiple linear regression models is estimated to test the impact of relative 

turnover, volatility ratio and open-to-close return on lead-lag ratios between HS index and 

HS index futures. 

 

The regression models are specified as follows. 

Model 1: ln(lht) = a + b1qht + b2vht + b3rht        (C9) 

Model 2: ln(lht) = a + b1qt + b2vht + b3rht + b4D1rht      (C10) 

Where 

ln(lht) is logarithmic LLR between HS index and HS index futures on day t 

qht is relative turnover between HS index and HS index futures on day t 

vt is volatility ratio between HS index and HS index futures on day t 

rht is open-to-close return of HS index on day t 

D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 

 

A second set of multiple linear regression models is estimated to test the impact of 

relative turnover, percentage bid-ask spread, volatility ratio and open-to-close return on 

lead-lag ratios between TraHK and HS index futures. 

 

The regression models are specified below. 

Model 1: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret      (C11) 

Model 2: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret + b5D1ret    (C12) 

Model 3: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret + b5D2ret    (C13) 

Where 

ln(let) is logarithmic LLR between TraHK and HS index futures on day t 

qet is relative turnover between TraHK and HS index futures on day t 

set−1 is percentage bid-ask spread of TraHK on day t – 1 
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vet is volatility ratio between TraHK and HS index futures on day t 

ret is open-to-close return of TraHK on day t 

D1 is a dummy variable where D1 = 1 if ret < 0 and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if rht < 0 and D2 = 0 otherwise 

 

A third set of panel data regression models is estimated to test the impact of effective 

index weight, relative turnover, percentage bid-ask spread, volatility ratio and open-to-

close return on lead-lag ratios between HS index constituent stocks and HS index futures. 

 

The regression models are defined as: 

Model 1: ln(lit) = a + b1wit−1+b2qit + b3sit−1 + b4vit + b5rit    (C14) 

Model 2: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit+b4D2qit + b5sit−1 + b6vit + b7rit +

b8D3rit                (C15) 

Model 3: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit+b4D2qit + b5sit−1 + b6vit + b7rit +

b8D3rit                (C16) 

Model 4: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit+b4D2qit + b5sit−1 + b6vit + b7rit +

b8D4rit                (C17) 

Where 

ln(lit) is logarithmic LLR between stock i and HS index futures and on day t 

wit−1 is effective index weight of stock i on day t − 1 

qit is relative turnover of stock i on day t 

sit−1 is percentage bid-ask spread of stock i on day t − 1 

vit is volatility ratio between stock i and HS index futures on day t 

rit is open-to-close return of stock i on day t 

rht is open-to-close return of HS index on day t 

D1 is a dummy variable where D1 = 1 if wit−1 ≥ 10% and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if 
qit

wit−1
>1.5 and D2 = 0 otherwise 

D3 is a dummy variable where D3 = 1 if rit < 0 and D3 = 0 otherwise  

D4 is a dummy variable where D4 = 1 if rht < 0 and D4 = 0 otherwise 

 

3.6 Empirical Findings and Interpretation 

 

Table C1 reports Pearson’s correlation coefficients between single asset characteristics of 

HS index and the lead-lag ratios of the index. Correlation coefficients between 3-minute 

and 5-minute lead-lag ratios are much smaller than their counterparts. This was evidence 

that stock prices were more likely to be updated within longer measurement intervals. 

Relative turnover and volatility ratio are negatively correlated with the lead-lag ratios. 

Some of the coefficients for relative turnover are insignificant but all coefficients for 

volatility ratio are statistically significant at the 99% confidence level. Higher relative 
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turnover and volatility of the HS index ratio weaken the futures lead. Correlations 

between index open-to-close return and the lead-lag ratios are unstable and statistically 

insignificant. 

 

Table C2 documents regression results for logarithmic lead-lag ratio between HS index 

and HS index futures with single asset characteristics of HS index as independent 

variables. Five regression models are estimated for the lead-lag ratios computed with 15-

second, 30-second, 1-minute, 3-minute and 5-minute asset returns. R2 of the regression 

models range from 0.14 to 0.20. Regression results are robust across all measurement 

intervals except that the coefficients are smaller and some of them insignificant at longer 

measurement intervals. Coefficients for relative turnover and volatility ratio are negative 

and statistically significant. The relationships are consistent with the conjecture that 

higher trading frequency and greater amount of idiosyncratic information weaken the 

futures lead. HS index open-to-close return is positively related to the lead-lag ratios and 

implies that greater futures lead in up markets. In contrast, dummy variable for negative 

HS open-to-close return is negatively related to the lead-lag ratios. Greater futures lead in 

down markets as short-sale constraint limit price adjustments of cash stocks. 

 

Table C3 presents regression results for logarithmic lead-lag ratio between HS index and 

HS index futures with lagged values of the independent variables as regressors. Five 

regression models are estimated for lead-lag ratios computed with 15-second, 30-second, 

1-minute, 3-minute and 5-minute asset returns. R2 of the regression models range from 

less than 0.04 to 0.08. Regression results are qualitatively the same as those in Table C2 

but the coefficients are much smaller and coefficients of volatility ratio are insignificant. 

The results are robust across all measurement intervals. Coefficients for relative turnover 

and dummy variable for negative index open-to-close return are statistically significant 

at the 99% confidence level. Higher relative turnover of the index basket during down 

markets weaken futures lead on the subsequent day. 

 

Table C4 compares the results of two regression models for logarithmic lead-lag ratios 

between HS index and HS index futures. A major difference between the two models is 

that Model 2 has a dummy variable for negative HS index open-to-close return. 

Regression results for lead-lag ratios computed with 15-second and 1-minute asset 

returns are presented. R2 of the regression models increase from 0.19 to 0.21 after 

including the dummy variable. The dummy variable shows that short-sale constraint of 

stocks has greater impact in down markets and strengthens futures lead. 

 

Table C5 summarizes Pearson’s correlation coefficients between single asset 

characteristics of TraHK and the lead-lag ratios of the ETF computed with 15-second, 30-
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second, 1-minute, 3-minute and 5-minute asset returns. Correlation between asset 

characteristics of TraHK and the lead-lag ratios are all statistically insignificant. 

Percentage bid-ask spread is positively related to the lead-lag ratios. This indicates that 

the lower market impact cost of ETF results in smaller futures lead. Relative turnover, 

volatility ratio and open-to-close return of HS index are negatively related to the lead-lag 

ratios. Up markets, higher relative turnover and relative volatility of ETF weaken futures 

lead. Correlations between open-to-close return of ETF and lead-lag ratios are unstable 

and inconsistent. 

 

Table C6 shows regression results for logarithmic lead-lag ratios between TraHK and HS 

index futures with market and single asset characteristics of TraHK as independent 

variables. Five regression models are estimated for lead-lag ratios computed with 15-

second, 30-second, 1-minute, 3-minute and 5-minute asset returns. R2 of the regression 

models range from 0.02 to 0.26. Regression coefficients of volatility ratio and dummy 

variable for negative ETF open-to-close return are negatively related to the lead-lag ratios 

and statistically significant at the 99% confidence level. Higher relative volatility of ETF 

lessens futures lead. Short-sale constraint of ETF strengthens futures lead in down 

markets. 

 

Table C7 provides regression results for logarithmic lead-lag ratios between TraHK and 

HS index futures with lagged values of the independent variables as regressors. Five 

regression models were estimated for lead-lag ratios computed with 15-second, 30-

second, 1-minute, 3-minute and 5-minute asset returns. R2  of the regression models 

range from less than 0.01 to 0.04. Regression results are robust across all measurement 

intervals but regression coefficients were only significant for models estimated with 15-

second and 30-second asset returns. Relative turnover and percentage bid-ask spread are 

negatively related to the lead-lag ratios. Higher turnover of ETFs and lower market impact 

costs weaken futures lead the following day. 

 

Table C8 evaluates results of different regression models for logarithmic lead-lag ratios 

between TraHK and HS index futures with market and single asset characteristics of 

TraHK as independent variables. Three regression models are estimated for lead-lag 

ratios computed with 15-second and 1-minute asset returns. Specification for the three 

models are: Model 1 with no dummy variable, Model 2 with a dummy for negative ETFs 

open-to-close return and Model 3 with a dummy for negative index open-to-close return. 

Model 2 has the highest R2  of 0.22. All of the regression coefficients are statistically 

significant and stable except those for ETF open-to-close return. 
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Table C9 lists Pearson’s correlation coefficients between single asset characteristics of HS 

index constituent stocks and the lead-lag ratios of the stocks. Effective index weight and 

relative turnover are negatively correlated with the lead-lag ratios but statistically 

insignificant. Smaller futures lead over index constituent stocks with higher index 

weights and relative turnover. Percentage bid-ask spread is positively correlated with the 

lead-lag ratios. Futures lead is smaller over index constituent stocks with lower market 

impact costs. Pairwise correlations between the lead-lag ratio, volatility ratio, open-to-

close return of index and stock are statistically insignificant. 

 

Table C10 shows panel data regression results for logarithmic lead-lag ratios between HS 

index constituent stocks and HS index futures with market and single asset characteristics 

as independent variables. Five regression models are estimated for lead-lag ratios 

computed with 15-second, 30-second, 1-minute, 3-minute and 5-minute asset returns. 

The results are robust across all measurement intervals. R2 of the regression models 

range from 0.10 to 0.15. Regression coefficients are statistically significant and increase 

in magnitude with the length of the measurement intervals. Effective index weight and 

relative turnover are positively related to the lead-lag ratios. Greater futures lead over 

index constituent stocks with higher index weight and relative turnover. Coefficients for 

effective index weights are insignificant. A dummy variable is included to separate effects 

of index constituent stocks with weights greater than or equal to 10%. The dummy 

variable is negatively related to the lead-lag ratios and statistically significant at the 99% 

confidence level with magnitude greater than coefficients for effective index weight. This 

is evidence that futures lead over the largest index constituent stocks is the smallest. A 

second dummy variable is constructed to examine the impact of over-weight trading. The 

threshold used is 1.5 as index constituent stocks have an average turnover-to-weight ratio 

of 1.3. Coefficients for the second dummy are negative and significant at the 95% 

confidence level. A smaller futures lead over index constituent stocks with relative 

turnover at least 1.5 times greater than their index weights. Percentage bid-ask spread 

has significant positive relationship with the lead-lag ratios. Smaller futures lead over 

index constituent stocks with lower market impact cost. Significant negative relationship 

between volatility ratio of the stocks and the lead-lag ratios imply that futures lead is 

smaller over index constituent stocks with greater information flow. Positive coefficients 

for open-to-close return of stocks reveal that greater futures lead in up markets. Negative 

coefficients of the third dummy variable for negative open-to-close return of index 

confirm that the short-sale constraint of stocks strengthen futures lead in down markets. 

 

Table C11 tabulates panel data regression results between lagged market and single asset 

characteristics of HS index constituent stocks and lead-lag ratios with HS index futures 

computed with 15-second, 30-second, 1-minute, 3-minute and 5-minute asset returns. R2 
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of the regression models range from 0.10 to 0.15. Regression results are qualitatively the 

same as those in table C10 except that the coefficients are smaller and some of them are 

insignificant. Coefficients for open-to-close return of stocks and dummy variable for 

negative index open-to-close return are unstable and statistically insignificant. 

 

Table C12 combines results for three panel data regression models for lead-lag ratios 

between HS index constituent stocks and with HS index futures with market and single 

asset characteristics of the stocks as independent variables. Results for lead-lag ratios 

computed with 15-second and 1-minute asset returns are compared. Different dummy 

variables and different combinations of the dummy variables are tested and only those 

which are significant in explaining variations of the lead-lag ratios are retained. Major 

differences of the three models are: Model 1 with no dummy variable, Model 2 has three 

dummy variables for effective index weight greater than or equal to 10%, over-weight 

trading of at least 1.5 times and negative open-to-close return of stocks and Model 3 with 

one more dummy for negative index open-to-close return. Model 3 has the best 

performance as it has the highest R2 and regression coefficients are all statistically 

significant. This reassures that short-sale constraint of index constituent stocks 

strengthen futures lead in down markets. 

 

3.7 Conclusion 

 

Chapter 3 examines the impact of market conditions and single asset characteristics of 

individual cash assets on lead-lag ratios between the asset and futures. Findings of 

Chapter 3 suggest that futures has the smallest lead over index constituent stocks with 

weight greater than or equal to 10%. Futures has smaller lead over a stock with relative 

turnover greater than the index weight by at least 1.5 times. Futures lead is smaller over 

a cash asset with lower percentage bid-ask spread (market impact cost). Smaller futures 

lead over a cash asset with higher relative volatility. Open-to-close return of individual 

cash assets indicates that futures lead is stronger in up markets. Similarly, negative index 

open-to-close return shows that futures lead is stronger in down markets as short-sale 

constraint impedes price adjustments of individual cash assets.
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Table C1 
Correlation matrix between asset characteristics and lead-lag ratio of HS index, January 2006 to December 2011 

 
 30-sec lht 1-min lht 3-min lht 5-min lht qht vht rht 

15-sec lht 0.9172 0.8012 0.6350 0.2313 -0.0335 -0.4709 -0.0253 
p-value (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.1980) (<0.0001) (0.3312) 
30-sec lht 1.0000 0.8991 0.7406 0.2625 -0.0625 -0.4946 -0.0032 
p-value  (<0.0001) (<0.0001) (<0.0001) (0.0161) (<0.0001) (0.9011) 
1-min lht  1.0000 0.8009 0.3015 -0.0519 -0.4697 0.0089 
p-value   (<0.0001) (<0.0001) (0.0460) (<0.0001) (0.7337) 
3-min lht   1.0000 0.3102 -0.0226 -0.4343 0.0278 
p-value    (<0.0001) (0.3840) (<0.0001) (0.2850) 
5-min lht    1.0000 -0.0790 -0.1941 -0.0079 
p-value     (0.0023) (<0.0001) (0.7623) 
qht     1.0000 -0.1479 0.0180 
p-value      (<0.0001) (0.4898) 
vht 
p-value 

     1.0000 -0.0299 
      (0.2500) 

 
Notes: 
1. Pearson’s correlation coefficients between lead-lag ratio and asset characteristics of HS index 
2. H0: ρij = 0; H1: ρij ≠ 0 
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Table C2 
Lead-lag ratios between HS index and HS index futures, January 2006 and 

December 2011 
 
Model: ln(lht) = a + b1qht + b2vht + b3rht + b4D1rht 
Where 
ln(lht) is logarithmic LLR between HS index and HS index futures on day t 
qht is relative turnover between HS index and HS index futures on day t 
vht is volatility ratio between HS index and HS index futures on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
N 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

89.93 
(<0.0001) 

77.49 
(<0.0001) 

58.41 
(<0.0001) 

60.30 
(<0.0001) 

60.40 
(<0.0001) 

R2 0.1958 0.1735 0.1366 0.1404 0.1406 
Intercept 
t-value 

2.8574 
(12.40) *** 

2.7389 
(12.12) *** 

2.5762 
(11.18) *** 

2.3532 
(8.04) *** 

3.5925 
(9.93) *** 

qht 
t-value 

-0.8455 
(-10.03) *** 

-0.7364 
(-8.91) *** 

-0.6536 
(-7.75) *** 

-0.6640 
(-6.20) *** 

-1.1807 
(-8.92) *** 

vht 
t-value 

-1.2424 
(-16.99) *** 

-1.1601 
(-16.18) *** 

-1.0311 
(-14.10) *** 

-1.3846 
(-14.91) *** 

-1.5911 
(-13.85) *** 

rt 
t-value 

14.0891 
(4.00) *** 

9.1052 
(2.63) *** 

6.9274 
(1.96) ** 

7.1075 
(1.59) 

8.0704 
(1.46) 

D1rt 
t-value 

-28.2938 
(-4.97) *** 

-18.5721 
(-3.33) *** 

-12.3865 
(-2.18) ** 

-8.3399 
(-1.15) 

-11.4502 
(-1.28) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 
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Table C3 
Lead-lag ratio between HS index and HS index futures, January 2006 and 

December 2011 
 
Model: ln(lht) = a + b1qht−1 + b2vht−1 + b3rht−1 + b4D1rht−1 
Where 
ln(lht) is logarithmic LLR between HS index and HS index futures on day t 
qht−1 is relative turnover between HS index and HS index futures on day t – 1 
vht−1 is volatility ratio between HS index and HS index futures on day t – 1 
rht−1 is open-to-close return of HS index on day t – 1 
D1 is a dummy variable where D1 = 1 if rht−1 < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
N 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

31.47 
(<0.0001) 

25.77 
(<0.0001) 

19.86 
(<0.0001) 

14.95 
(<0.0001) 

24.53 
(<0.0001) 

R2 0.0786 0.0653 0.0511 0.0389 0.0623 
Intercept 
t-value 

3.5332 
(14.33) *** 

3.3901 
(14.11) *** 

3.2079 
(13.28) *** 

3.4730 
(11.23) *** 

4.7708 
(12.62) *** 

qht−1 
t-value 

-0.9035 
(-10.01) *** 

-0.8080 
(-9.19) *** 

-0.7357 
(-8.32) *** 

-0.8522 
(-7.53) *** 

-1.3541 
(-9.79) *** 

vht−1 
t-value 

-0.1385 
(-1.77) * 

-0.1532 
(-2.01) ** 

-0.1180 
(-1.54) 

-0.0958 
(-0.98) 

-0.1044 
(-0.87) 

rht−1 
t-value 

18.1392 
(4.81) *** 

14.8088 
(4.03) *** 

13.0155 
(3.52) *** 

12.2131 
(2.58) *** 

11.3715 
(1.97) ** 

D1rht−1 
t-value 

-40.9019 
(-6.71) *** 

-34.1191 
(-5.75) *** 

-27.7065 
(-4.64) *** 

-24.1569 
(-3.16) *** 

-27.5871 
(-2.95) *** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance  
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Table C4 
Lead-lag ratio between HS index and HS index futures, January 2006 to December 

2011 
 
Model 1: ln(lht) = a + b1qht + b2vht + b4rht 
Model 2: ln(lht) = a + b1qht + b2vht + b4rht + b5D1rht 
Where 
ln(lht) is logarithmic LLR between HS index and HS index futures on day t 
qht is relative turnover between HS index and HS index futures on day t 
vht is volatility ratio between HS index and HS index futures on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if rht < 0 and D1 = 0 otherwise 
 

 15-second 1-minute 
Parameters Model 1 Model 2 Model 1 Model 2 
N 1,482 1,482 1,482 1,482 
F 
Pr > F 

116.98 
(<0.0001) 

95.67 
(<0.0001) 

81.37 
(<0.0001) 

62.50 
(<0.0001) 

R2 0.1919 0.2058 0. 1418 0.1448 
Intercept 
t-value 

1.4465 
(16.31) 

1.3948 
(15.75) *** 

1.4820 
(16.80) *** 

1.4588 
(16.45) *** 

qht 
t-value 

-2.4130 
(-10.13) *** 

-2.6332 
(-10.97) *** 

-1.9803 
(-8.36) *** 

-2.0792 
(-8.65) *** 

vht 
t-value 

-1.2567 
(-17.13) *** 

-1.2577 
(-17.29) *** 

-1.0445 
(-14.32) 

-1.0450 
(-14.34) 

rht 
t-value 

0.0873 
(0.04) 

14.4581 
(4.13) *** 

0.0851 
(0.41) 

7.3128 
(2.09) ** 

D1rht 
t-value 

 -28.7199 
(-5.08) *** 

 -12.9018 
(-2.28) ** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C5 
Correlation matrix between lead-lag ratio and asset characteristics of TraHK, January 2006 to December 2011 

 
 30-sec let 1-min let 3-min let 5-min let qet set vet ret rht 

15-sec let 0.9965 0.0154 0.0195 -0.0017 -0.0210 0.0332 -0.0568 -0.0187 -0.0001 
p-value (<0.0001) (0.5528) (0.4538) (0.9467) (0.4199) (0.2013) (0.0288) (0.4721) (0.9976) 
30-sec let 1.0000 0.0154 0.0202 -0.0021 -0.0177 0.0297 -0.0689 -0.0190 -0.0025 
p-value  (0.5527) (0.4371) (0.9345) (0.4959) (0.2531) (0.0080) (0.4647) (0.9227) 
1-min let  1.0000 0.9991 -0.0007 -0.0001 0.0382 -0.0097 0.0016 -0.0030 
p-value   (<0.0001) (0.9776) (0.9984) (0.1415) (0.7083) (0.9526) (0.9091) 
3-min let   1.0000 -0.0009 -0.0009 0.0388 -0.0156 0.0015 -0.0031 
p-value    (0.9717) (0.9719) (0.1355) (0.5486) (0.9557) (0.9066) 
5-min let    1.0000 -0.0011 0.0325 0.0086 0.0000 0.0049 
p-value     (0.9655) (0.2108) (0.7402) (0.9998) (0.8502) 
qet     1.0000 -0.2547 -0.0531 -0.0330 -0.0132 
p-value      (<0.0001) (0.0411) (0.2046) (0.6105) 
set      1.0000 0.2763 0.0334 0.0049 
p-value       (<0.0001) (0.0049) (0.8499) 
vet       1.0000 0.0032 0.0220 
p-value        (0.2153) (0.3966) 
ret        1.0000 0.6499 
p-value         (<0.0001) 

 
Notes: 
1. Pearson’s correlation coefficients between lead-lag ratio and asset characteristics of TraHK 

2. H0: ρji = 0; H1: ρji ≠ 0 
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Table C6 
Lead-lag ratio between TraHK and HS index futures, January 2006 and December 

2011 
 

Model: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret + b5D1ret 
Where 
ln(let) is logarithmic LLR between TraHK and HS index futures on day t 
qet is relative turnover between TraHK and HS index futures on day t – 1 
set−1 is percentage bid-ask spread of TraHK on day t – 1 
vet is volatility ratio between TraHK and HS index futures on day t – 1 
ret is open-to-close return for TraHK on day t – 1 
D1 is a dummy variable where D1 = 1 if ret < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
N 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

95.50 
(<0.0001) 

106.03 
(<0.0001) 

93.59 
(<0.0001) 

43.57 
(<0.0001) 

7.47 
(<0.0001) 

R2 0.2447 0.2644 0.2408 0.1287 0.0247 
Intercept 
t-value 

-0.2387 
(-3.15) *** 

-0.2162 
(-2.72) *** 

-0.0878 
(-0.96) *** 

0.1827 
(1.50) 

0.2600 
(1.03) 

qet 
t-value 

-0.1084 
(4.57) *** 

-0.0848 
(-3.40) *** 

-0.0300 
(-1.05) 

0.0638 
(1.67) 

0.0605 
(0.76) 

set−1 
t-value 

41.6014 
(1.64) 

45.6626 
(1.72) * 

46.4988 
(1.52) 

19.2549 
(0.47) 

23.1877 
(0.27) 

vet 
t-value 

-0.9234 
(-17.33) *** 

-0.9637 
(-17.24) *** 

-1.0779 
(-16.77) *** 

-0.9486 
(-11.07) *** 

-0.7676 
(-4.33) *** 

ret 
t-value 

14.1282 
(8.27) *** 

16.6820 
(9.30) *** 

15.7004 
(7.61) *** 

12.0954 
(4.40) *** 

8.4798 
(1.49) 

D1ret 
t-value 

-24.9200 
(-9.58) *** 

-31.5772 
(-11.55) *** 

-30.7937 
(-9.79) *** 

-25.8254 
(-6.16) *** 

-22.9100 
(-2.64) *** 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C7 
Lead-lag ratio between TraHK and HS index futures, January 2006 and December 

2011 
 

Model: ln(let) = a + b1qet−1+b2set−1 + b3vet−1 + b4ret−1 + b5D1ret−1 
Where 
ln(let) is logarithmic LLR between TraHK and HS index futures on day t 
qet−1 is relative turnover between TraHK and HS index futures on day t – 1 
set−1 is percentage bid-ask spread of TraHK on day t – 1 
vet−1 is volatility ratio between TraHK and HS index futures on day t – 1 
ret−1 is open-to-close return for TraHK on day t – 1 
D1 is a dummy variable where D1 = 1 if ret−1 < 0 and D1 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
N 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

10.42 
(<0.0001) 

11.38 
(<0.0001) 

7.55 
(<0.0001) 

4.73 
(0.0003) 

1.13 
(0.3435) 

R2 0.0341 0.0372 0.0250 0.0158 0.0038 
Intercept 
t-value 

-0.1729 
(2.04) ** 

-0.1350 
(-1.50) 

-0.0158 
(-0.15) 

0.3038 
(2.37) ** 

0.4509 
(1.79) * 

qet−1 
t-value 

-0.1487 
(-5.49) *** 

-0.1350 
(-4.68) *** 

-0.0942 
(-2.87) *** 

0.0263 
(0.64) 

0.0887 
(1.10) 

set−1 
t-value 

-68.3839 
(-2.33) ** 

-71.3305 
(-2.29) ** 

-89.0194 
(-2.51) ** 

-95.6969 
(-2.16) ** 

-45.1352 
(-0.52) 

vet−1 
t-value 

-0.0981 
(-1.60) 

-0.1263 
(-1.94) * 

-0.0997 
(-1.34) 

-0.0842 
(-0.91) 

-0.1425 
(-0.78) 

ret−1 
t-value 

4.9023 
(2.54) ** 

5.9004 
(2.87) *** 

3.7827 
(1.62)  

-1.2845 
(-0.44) 

0.7027 
(0.12) 

D1ret−1 
t-value 

-12.2389 
(-4.16) *** 

-15.2574 
(-4.88) *** 

-12.9756 
(-3.64) *** 

-6.2209 
(-1.40) 

-6.4354 
(-0.73) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C8 
Lead-lag ratio between TraHK and HS index futures, January 2006 to December 

2011 
 

Model 1: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret 
Model 2: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret + b5D1ret 
Model 3: ln(let) = a + b1qet+b2set−1 + b3vet + b4ret + b5D2ret 
Where 
ln(let) is logarithmic LLR between TraHK and HS index futures on day t 
qet is relative turnover between TraHK and HS index futures and on day t 
set−1 is average bid-ask spread of TraHK on day t – 1 
vet is volatility ratio between TraHK and HS index futures on day t 
ret is open-to-close return for TraHK on day t 
ret is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if ret < 0 and D1 = 0 otherwise 
D2 is a dummy variable where D2 = 1 if rht < 0 and D2 = 0 otherwise 
 

 15-second  1-minute  
Parameters Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
N 1,482 1,482 1,482 1,482 1,482 1,482 
F 
Pr > F 

95.61 
(<0.0001) 

81.66 
(<0.0001) 

76.44 
(<0.0001) 

88.78 
(<0.0001) 

81.29 
(<0.0001) 

71.28 
(<0.0001) 

R2 0.2059 0.2169 0.2032 0.1939 0.2160 0.1947 
Intercept 
t-value 

0.3336 
(4.88) *** 

0.2824 
(4.11) *** 

0.3341 
(4.85) *** 

0.3493 
(4.21) ** 

0.2621 
(3.16) *** 

0.3345 
(4.00) *** 

qet 
t-value 

-37.7971 
(-4.41) *** 

-39.9353 
(-4.69) *** 

-37.7934 
(-4.41) *** 

-24.2913 
(-2.34) ** 

-27.9598 
(-2.72) *** 

-24.5269 
(-2.36) ** 

set−1 
t-value 

23.3252 
(0.90) 

27.8779 
(1.08) 

23.2688 
(0.90) 

13.1808 
(0.42) 

20.8990 
(0.67) 

14.8995 
(0.47) 

vet 
t-value 

-1.0096 
(-18.76) *** 

-0.9812 
(-18.23) *** 

-1.0097 
(-18.73) *** 

-1.1850 
(-18.15) *** 

-1.1363 
(-17.53) *** 

-1.1793 
(-18.02) *** 

ret 
t-value 

-0.8986 
(-0.98) 

-0.7036 
(-0.77) 

-0.9009 
(-0.98) 

-2.1606 
(-1.94) * 

-1.8279 
(-1.66) * 

-2.0743 
(-1.86) * 

D1ret 
t-value 

 
 

-6.2356 
(-4.55) *** 

  -10.6537 
(-6.45) *** 

 

D2ret 
t-value 

  0.0673 
(0.05) 

  -2.5164 
(-1.59) 

 
Notes: 
1. The multiple linear regression models are estimated by multiple least squares method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C9 
Correlation matrix between lead-lag ratio and individual asset characteristics of HS index constituent stocks, January 2006 to 

December 2011 
 

 30-sec lit 1-min lit 3-min lit  5-min lit  wit qit sit vit rit rht 
15-sec lit 
p-value 

0.9977 0.9783 0.0881 0.0074 -0.0022 -0.0017 0.0409 0.0010 0.0000 0.0012 
(<0.0001) (<0.0001) (<0.0001) (0.0696) (0.5875) (0.6696) (<0.0001) (0.8030) (0.9915) (0.7632) 

30-sec lit 
p-value 

1.0000 0.9646 0.0852 0.0073 -0.0021 -0.0017 0.0389 0.0010 0.0000 0.0012 
 (<0.0001) (<0.0001) (0.0714) (0.6009) (0.6806) (<0.0001) (0.8048) (0.9921) (0.7666) 

1-min lit 
p-value 

 1.0000 0.0960 0.0076 -0.0019 -0.0011 0.0470 0.0010 0.0001 0.0013 
  (<0.0001) (0.0601) (0.6379) (0.7952) (<0.0001) (0.8119) (0.9901) (0.7564) 

3-min lit 
p-value 

  1.0000 0.0476 -0.0033 -0.0039 0.0530 0.0022 0.0017 0.0010 
   (<0.0001) (0.4193) (0.3368) (<0.0001) (0.5821) (0.6830) (0.8018) 

5-min lit 
p-alue 

   1.0000 -0.0027 -0.0036 0.0315 0.0044 0.0003 -0.0007 
    (0.5030) (0.3744) (<0.0001) (0.2828) (0.9375) (0.8622) 

wit 
p-value 

    1.0000 0.7585 -0.2262 -0.1581 0.0078 0.0022 
     (<0.0001) (<0.0001) (<0.0001) (0.0559) (0.5869) 

qit 
p-value 

     1.0000 -0.2017 -0.0330 0.0229 0.0026 
      (<0.0001) (<0.0001) (<0.0001) (0.5169) 

sit 
p-value 

      1.0000 0.3229 -0.0106 0.0085 
       (<0.0001) (0.0086) (0.0339) 

vit        1.0000 0.0314 0.0153 
p-value         (<0.0001) (0.0002) 
rit 
p-value 

        1.0000 0.4586 
         (<0.0001) 

 
Notes: 
1. Pearson’s correlation coefficients between lead-lag ratio and individual asset characteristics of HS index constituent stocks 
2. H0: ρij = 0; H1: ρij ≠ 0 
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Table C10 
Lead-lag ratio between HS index constituent stocks and HS index futures, January 

2006 to December 2011 
 
Model: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit+b4D2qit + b5sit−1 + b6vit + b7rit +
b8D3rit   
Where 
ln(lit) is logarithmic LLR between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t − 1 
qit is relative turnover of stock i on day t 
sit−1 is percentage bid-ask spread of stock i on day t − 1 
vit is volatility ratio between stock i and HS index futures on day t 
rit is open-to-close return of stock i on day t 
rht is open-to-close return of HS index on day t 
D1 is a dummy variable where D1 = 1 if wit−1 ≥ 10% and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if 
qit

wit−1
> 1.5 and D2 = 0 otherwise 

D3 is a dummy variable where D3 = 1 if rht < 0 and D3 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
R2 0.1037 0.1157 0.1264 0.1387 0.1548 
F 3.66 4.25 4.80 5.40 6.15 
Pr > F (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
Intercept -1.0153 -0.9211 -0.8331 -0.8741 -0.9946 
t-value (-4.59) *** (-4.22) *** (-3.48) *** (-2.57) ** (-2.38) ** 
wit−1 1.4909 0.7528 0.5806 4.7281 7.1164 
t-value (0.84) (0.43) (0.30) (1.73) * (2.13) ** 
D1wit−1 -6.5691 -5.7354 -6.1082 -9.4533 -12.0009 
t-value (-3.75) *** (-3.33) *** (-3.23) *** (-3.51) *** (-3.64) *** 
qit 3.0314 2.8140 3.1135 3.2653 4.0002 
t-value (4.97) *** (4.69) *** (4.73) *** (3.49) *** (3.49) *** 
D2qit -1.3425 -1.2045 -1.3241 -1.5487 -2.1760 
t-value (-2.64) ** (-2.40) ** (-2.41) ** (-1.98) ** (-2.27) ** 
sit−1 157.1833 156.8765 183.9065 360.1692 448.6403 
t-value (16.64) *** (16.86) *** (18.01) *** (24.76) *** (25.19) *** 
vit -0.2218 -0.2118 -0.2446 -0.2566 -0.2230 
t-value (-10.97) *** (-10.68) *** (-11.25) *** (-8.30) *** (-5.89) *** 
rit 2.3591 2.5619 2.7105 3.4513 2.5131 
t-value (4.54) *** (5.01) *** (4.82) *** (4.32) *** (2.57) ** 
D3rit -4.2636 -4.2995 -4.6800 -5.8908 -4.4761 
t-value (-5.29) *** (-5.41) *** (-5.37) *** (-4.75) *** (-2.95) *** 

 
Notes: 
1. The panel data regression models are estimated by two-way fixed effect method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C11 
Lead-lag ratio between HS index constituent stocks and HS index futures, January 

2006 to December 2011 
 
Model: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit−1+b4D2qit−1 + b5sit−1 + b6vit−1 +
b7rit−1 + b8D3rit−1 
Where 
ln(lit) is logarithmic LLR between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t − 1 
qit−1 is relative turnover of stock i on day t – 1 
sit−1 is percentage bid-ask spread of stock i on day t − 1 
vit−1 is volatility ratio between stock i and HS index futures on day t – 1 
rit−1 is open-to-close return of stock i on day t – 1 
rht−1 is open-to-close return of HS index on day t – 1 
D1 is a dummy variable where D1 = 1 if wit−1 ≥ 10% and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if 
qit−1

wit−1
> 1.5 and D2 = 0 otherwise 

D3 is a dummy variable where D3 = 1 if rht−1 < 0 and D3 = 0 otherwise 
 

Parameters 15-second 30-second 1-minute 3-minute 5-minute 
R2 0.1014 0.1136 0.1241 0.1418 0.1542 
F 3.96 4.58 5.13 5.83 6.28 
Pr > F (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
Intercept -0.9871 -0.8951 -0.8061 -0.7838 -0.9831 
t-value (-4.45) *** (-4.10) *** (-3.36) *** (-2.37) ** (-2.36) ** 
wit−1 3.3655 2.8923 2.8661 5.7751 8.9954 
t-value (1.89) * (1.65) * (1.49) (2.18) ** (2.70) *** 
D1wit−1 -6.7970 -5.9398 -6.4514 -9.1065 -11.7900 
t-value (-3.87) *** (-3.44) *** (-3.40) *** (-3.49) *** (-3.59) *** 
qit−1 1.6413 1.0898 1.3981 1.9314 1.9736 
t-value (4.97) *** (1.82) * (2.13) ** (2.13) ** (1.73) * 
D2qit−1 -1.0015 -0.6441 -0.8924 -0.8444 -0.8801 
t-value (-1.96) ** (-1.28) (-1.62) (-1.11) (-0.92) 
sit−1 148.4615 149.6862 177.8349 338.0272 454.8743 
t-value (15.07) *** (15.43) *** (16.69) *** (22.98) *** (24.60) *** 
vit−1 -0.0181 -0.0224 -0.0379 -0.0758 -0.1221 
t-value (-0.92) (-1.15) (-1.78) * (-2.58) ** (-3.31) *** 
rit−1 -0.4936 -0.5014 -0.3736 -0.4266 -0.1632 
t-value (-1.64) (-1.69) * (-1.14) (-0.95) (-0.29) 
D3rit−1 0.0087 0.3260 0.1506 0.1166 -0.2632 
t-value (0.02) (0.79) (0.33) (0.19) (-0.33) 

 
Notes: 
1. The panel data regression models are estimated by two-way fixed effect method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance
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Table C12 
Lead-lag ratio between HS index constituent stocks and HS index futures, January 2006 to December 2011 

 
Model 1: ln(lit) = a + b1wit−1+b2qit−1+b3sit−1 + b4vit−1 + b5rit−1 
Model 2: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit−1+b4D2qit−1 + b5sit−1 + b6vit−1 + b7rit−1 + b8D3rit−1 
Model 3: ln(lit) = a + b1wit−1 + b2D1wit−1+b3qit−1+b4D2qit−1 + b5sit−1 + b6vit−1 + b7rit−1 + b8D4rit−1      
Where 
ln(lit) is logarithmic LLR between stock i and HS index futures on day t 
wit−1 is effective index weight of stock i on day t − 1 
qit−1 is relative turnover of stock i on day t 
sit−1 is percentage bid-ask spread of stock i on day t − 1 
vit−1 is volatility ratio between stock i and HS index futures on day t − 1 
rit−1 is open-to-close return of stock i on day t − 1 
D1is a dummy variable where D1 = 1 if wit−1 ≥ 10% and D1 = 0 otherwise 

D2 is a dummy variable where D2 = 1 if 
qit

wit−1
> 1.5and D2 = 0 otherwise 

D3 is the dummy variable where D3 = 1 if rit < 0and D3 = 0 otherwise 
D4 is the dummy variable where D4 = 1 if rht < 0and D4 = 0 otherwise 
 

       
Parameters Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
R2 0.1030 0.1033 0.1037 0.1258 0.1260 0.1264 
F 3.69 3.69 3.66 4.85 4.85 4.80 
Pr > F (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 
Intercept -0.8474 -1.0050 -1.0153 -0.6775 -0.8221 -0.8331 
t-value (-3.93) *** (-4.54) *** (-4.59) *** (-2.90) *** (-3.43) *** (-3.48) *** 
wit−1

 -3.6170 0.8448 1.4909 -4.1992 -0.1461 0.5806 
t-value (-4.11) *** (0.48) (0.84) (-4.44) *** (-008) (0.30) 
D1wit−1  -6.3199 -6.5691  -5.8212 -6.1082 
t-value  (-3.61) *** (-3.75) ***  (-3.08) *** (-3.23) *** 
qit 2.2794 3.3666 3.0314 2.4158 3.4917 3.1135 
t-value (5.76) *** (5.55) *** (4.97) *** (5.65) *** (5.33) *** (4.73) *** 
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D2qit  -1.2723 -1.3425  -1.2446 -1.3241 
t-value  (-2.50) ** (-2.64) **  (2.26) ** (-2.41) ** 
sit−1 150.9308 156.0471 157.1833 177.9503 182.6624 183.9065 
t-value (16.19) *** (16.52) *** (16.64) *** (17.66) *** (17.89) *** (18.01) *** 
vit -0.1938 -0.1923 -0.2218 -0.2140 -0.2113 -0.2446 
t-value (-9.99) *** (-9.87) *** (-10.97) *** (-10.26) *** (-10.09) *** (-11.25) *** 
rit 0.0855 0.2633 2.3591 0.2206 0.1604 2.7105 
t-value (0.28) (0.58) (4.54) *** (0.68) (0.33) (4.82) *** 
D3rit  -0.2571   0.1648  
t-value  (-0.42)   (0.25)  
D4rit   -4.2636   -4.6800 
t-value   (-5.29) ***   (-5.37) *** 

 
Notes: 
1. The panel data regression models are estimated by two-way fixed effect method 
2. H0: bi = 0; H1: bi ≠ 0 
3. * at 90% level of significance; ** at 95% level of significance; *** at 99% level of significance 



OVERALL CONCLUSIONS 
 
The thesis examines the intraday dynamic relationship between index futures, 

underlying cash index, ETFs and index constituent stocks. The paper contributes 

to the literature by examining the dynamic relationship between futures and cash 

markets from an asset-level perspective, identifying underlying driving forces and 

assessing their impacts on the dynamic relationships. The first chapter of the 

thesis analyzes the impact of sampling frequency for return calculation on 

dynamic relationships between futures and individual cash assets and discovers 

that realized correlations and lead-lag ratios between index futures and individual 

cash assets increase when the length of the measurement intervals are increased 

for computing asset returns. The second and third chapters investigate how and 

to what extent market conditions and single asset characteristics of individual 

cash assets affect their intraday dynamic relationship with index futures. Effective 

index weight, relative turnover, percentage bid-ask spread, volatility ratio and 

open-to-close return of individual cash assets are significant in explaining the 

cross-sectional variations in realized correlations and lead-lag ratios. The findings 

motivate that further studies be taken to develop trading strategies between 

futures and individual cash assets and to test their conditional performances 

under different market conditions. 
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