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Executive Summary 
 

Total warrant turnover on the Shanghai and Shenzhen Stock Exchanges reached 938.9 billion 
RMB in the first half of 2006. It exceeds that of Hong Kong and becomes the second largest 
warrant market around the world. This paper addresses the following three research questions: 
Whether the warrants pricing model used in the western can be applied in China? What is the 
impact of warrant introductions on the underlying stocks (price, volatility, volume, bid-ask 
spread and beta)? Whether there exist causality relations between warrant prices and underlying 
stock prices? We find the warrant price is significantly deviated from the fundamentals and the 
average pricing error based on the Black-Scholes formula using the historical standard deviation 
is -48.59%. We show the pricing errors are strongly associated with the moneyness of a warrant, 
the time to maturity, the warrant price premium. The pricing errors exhibit very high 
autocorrelation. We show that warrant trading has negligible impact on the risk, liquidity and 
trading volume of underlying stocks. Our results support that the additional supply of warrants 
can reduce the volatility of underlying stocks. The causality results suggest warrant market 
serves as price discovery vehicle for the stock prices. Based the above findings, we have the 
following recommendations on the development of the warrant market in China.  

Warrants are introduced to promote its state-shareholding reform in China. Warrants are 
issued by the large shareholder. Warrants in China are different from equity warrants and 
derivative warrants in other markets. Several firms issue the put warrants. However, the large 
shareholders are not able to hedge their risk without the short-selling. Put warrant becomes a 
zero-sum game between the large shareholder and warrant investors. The large shareholder 
controls the daily operation of the company and can manipulate the stock price through 
investment, financing and earnings management. The market in China has accumulated enough 
experience during the past 11 months. The short-selling mechanism will be implemented in 
China according the CSRC. We think it is appropriate time to introduce derivative warrants to 
the market because warrants can be as tools for investment, hedging, or arbitrage and can serve 
as a price discovery vehicle. To implement the plan, we suggest introducing ETF warrant as the 
first step and gradually extending derivative warrants to stock market index and then to blue-chip 
stocks.  

Investors in derivative warrants are exposed to credit risk in respect of the issuer. Derivative 
warrant issuers should be subject to a set of entry criteria. To set up a credit rating system for the 
institutional investors become an imminent task. For derivative warrants, the other important 
issue is liquidity provider. Following the practice in Hong Kong, a Liquidity Provider (LP) 
mechanism should be introduced. Under this mechanism, issuers are required to appoint LPs for 
their derivative warrants. They may appoint different LPs for different warrant issues. However, 
for each derivative warrant issue, there can only be one LP. An LP should provide liquidity for 
the derivative warrant issue it supports by either providing continuous quotes or responding to 
quote requests. 

Up to June 2005, 1.85 million out of 37 million brokerage accounts participate in the 
transaction of warrants at the Shanghai Stock Exchange. It implies that only 5% of investors are 
involved in warrants market. Large investors, whose daily trading amounts exceeding 0.5 million 
RMB, are the major player in the warrants market. There are 8,177 large investors at the 
Shanghai Stock Exchange. They accounts for 2% of total trading accounts. However, their 
transaction accounts for 62% of total trading amount. They trade about 1.57 million RMB every 
day. 80% of large investors trade at least 10 times per week and contribute 337.3 billion RMB of 
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transaction. It accounts for 80% of the total trading volume. They fully take advantage of T+0 
settlement rule. We believe large investors have advantage over small investors in terms of 
information acquiring and transaction efficiency. In order to enhance the market transparency, 
we suggest the stock exchange to disclose the transaction information of different investor types 
on the daily basis.  We also recommend changing T+0 settlement rule to T+2 settlement rule so 
as to reduce the speculative trading activities in the warrant market.  

Based on the statistics from the Shanghai Stock Exchange, 49,000 accounting holding 8.9 
million units of Baosteeling call warrants have not made any transaction until the end of July, 
2006. The maturity date of Baosteeling call warrants is August 30, 2006. The majority of these 
accounts are held by individual investors. We suggest the stock exchange to devote more 
resources on investor education.  

Price limits are artificial boundaries that are imposed by exchange regulators to restrict 
extreme daily security price movements. The argument on price limits is inconclusive. The 
proponents suggest that price limits would protect the market from overreaction to noise trading 
and other disturbance, while the opponents argue that they serve no purpose other than to slow 
down price change. Since there is no theoretical basis for determining whether the imposition of 
price limits will have the desired effect, the whole argument becomes an empirical issue to be 
tested. Our results show that the price limits have no impact on the pricing error. We think the 
price limit may not be necessary. 
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An empirical study on warrants: Evidence from China 
 

 
1. Introduction 

In securities markets around the world, warrants are increasingly employed by investors 

as tools for investment, hedging, speculation or arbitrage. A call (put) equity warrant gives the 

holder the right, but not the obligation, to buy (sell) the underlying stock at a predetermined price 

on, or possibly before, the expiry date. In return, warrant issuers earn a warrant premium for their 

obligation to provide stock (or a cash equivalent) to warrant holders in the event that warrants are 

exercised. The attractions of warrants include the gearing effect that offers greater returns for 

less investment principal, the limited downside risk, and the simpler procedures compared with 

other derivatives like options or futures.  

There are two major kinds of warrants: equity warrants and derivative warrants. Equity 

warrants give their holders the right to subscribe for equity securities of an issuer at 

predetermined price and they are issued by that issuer of any of its subsidiaries. The issuer of the 

warrants is obliged to deliver the underlying securities upon full payment of the exercise price by 

the warrant holder. Derivative warrants (covered warrants) are similar to equity warrants, but 

they tend to have short-lives – normally six months to two years – and they can be issued over 

a range of assets, including stock, stock indices, currencies, commodities, or a basket of 

securities. Derivative warrants are issued by a third party, generally an investment bank, 

independent of the issuer of the underlying assets and its subsidiaries.  Since derivative warrants 

can have great variety, large warrant markets in the world are usually derivative warrant 
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markets2. For example, equity warrants account for only 7% of capitalization in Hong Kong’s 

warrants market.  

According to statistics from World Federation of Exchange (WFE), there are 24 stock 

exchanges trading warrants. The total trading amount reaches 280 billion USD in 2005. There 

are more than 50,000 warrants listed in 2005. For ranking by listed number, the top five warrant 

markets are in turn Deutsche Borse, Euronext, Swiss Exchange, Borsa Italiana, and Luxembourg. 

For ranking by annual turnover, the top five warrant markets in turn Deutsche Borse, Hong Kong, 

Swiss Exchange, Borsa Italiana and Euronext3.  

Given the popularity of warrants in China, we address the following three questions in 

this study: Whether the warrants pricing model used in the western can be applied in China? 

What is the impact of warrant introductions on the underlying stocks in terms of price, volatility, 

trading volume, bid-ask spread and beta? Whether there exist causality relations between warrant 

prices and underlying stock prices?  

The paper proceeds as follows. Section 2 briefly describes the warrants market in China. 

Section 3 reviews the related literature. Section 4 designs the empirical framework. Section 5 

reports the empirical evidence. The final section concludes the paper. 

 

2. Warrants market in China 

In China, the first equity warrant was introduced in June 1992. The warrants market is 

banned in 1996 due to excessive speculation. China, seeking to develop a local derivatives 

market to help companies to hedge risks, restarted its warrant market in August 2005. The 
                                                           
2 Appendix 1 provides detail background about warrants including: (1) features of call and put warrants, (2) factors 
affecting the warrant price, (3) risks involved in trading derivative warrants, (4) technical terms in the derivative 
warrant markets, and (5) comparison among equity warrants, derivative warrants and option. 
3 Appendix II provide the following information: (1) summary statistics on trading volume of derivative warrants in 
major stock exchanges, (2) summary statistics on the number of derivative warrants listed in major stock exchanges 
and (3) characteristics of major derivative warrants markets around the world. 
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government gives the go-ahead for warrant trading to promote its state-shareholding reform, also 

known as split share structure reform. The split share structure refers to the existence of both 

tradable shares and non-tradable shares owned by the state. To make all their shares tradable, 

listed companies undergoing reform must offer additional shares or funds to private investors as 

compensation for potential losses in the value of their portfolios when the state-owned shares hit 

the market. Warrants have become a preferred option for listed companies that cannot afford 

cash or share compensation. Warrants are issued by the large shareholder in China. Warrants 

immediately attract the attention of investors after it is introduced. Total warrant turnover on the 

Shanghai and Shenzhen Stock Exchanges, China's two bourses, reaches 938.9 billion RMB 

(117.2 billion U.S. dollars) in the first half of 2006, exceeding that of Hong Kong and second 

only to Germany. In the first half, warrants accounted for 19 percent of the total turnover in the 

two exchanges, making them the second most commonly traded financial product in mainland 

securities markets. Twenty-two listed companies have issued 27 warrants by the end of July 

2006. 

Panel A of Table 1 describes the feature and condition for each of 27 warrants in the study. 

Panel C of Table 1 presents the number, market capitalization, trading volume, trading amount of 

the turnover.  The number of warrants increases from 1 in August 2005 to 27 in July 2006. Its 

market capitalization reaches 29.79 billion RMB in May 2006. The warrants market in China 

experiences tremendous rise in trading activities. The average daily turnover is 104.5%, with 

highest of 292.9% in November 2005 and lowest of 47.1% in March 2006. The average monthly 

trading volume increases from 6.99 billion units to 232.79 billion units, while the average 

monthly trading amount increases from 12.05 billion RMB to 208.79 billion RMB. Panel B of 

Table 1 summarizes the basic statistics about individual warrant. The average daily return is 
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2.36%. The average daily turnover is 73.13%. The average daily trading volume and trading 

amount are 422 million units and 548 million RMB.  

*********************** 
Please Insert Table 1 Here 

*********************** 

 Although the very high trading volume of warrants in China, there still exist some 

anomalies, such as (1) the warrant prices are significantly deviated from the theoretical prices 

implied by the conventional Black-Scholes formula; (2) the relation between warrant price and 

underlying stock price is very weak; (3) sometimes there exist arbitrage opportunities; and (4) 

the call warrant prices are positively associated with the put warrants prices of the same 

underlying stock. Thus, the warrants market in China provides us a richer environment to study 

warrant pricing model, the impact of warrants on the underlying stocks and the causality between 

these two markets.  

 

3. Literature review 

3.1 Warrant pricing model 

One common way of calculating warrant prices is to use the Black-Scholes call option model. 

However, the Black-Scholes (1973) option pricing formula prices European put or call options 

on a stock that does not pay a dividend or make other distributions. The formula assumes the 

underlying stock price follows a geometric Brownian motion with constant volatility. Whether 

the Black-Scholes option pricing model is appropriate for warrant pricing? Warrant pricing is 

more complicated than option pricing, because when equity warrants are exercised, new shares 

are created and exercise price paid for them becomes part of the assets of the firm. The effect is 

known as the dilution effect. Simulation results have shown that the Black-Scholes model 
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corrected for dilution, by (1) replacing the stock by the value of the firm, (2) replacing the 

standard deviation of the stock’s return by the standard deviation of the firm value and (3) 

multiplying the model outcome by the dilution factor, leads to approximately the same outcome 

as the original Black-Scholes model (Schulz and Trautmann, 1994 and Sidenius 1996). The other 

line of research shows that constant variance model is not outperformed by other models, such as 

Constant elasticity of variance models (stock price follows a constant elasticity of variance 

process and volatility is inversely related to stock price), Square root model (volatility is 

inversely related to the squared root of the stock value), Absolute model (volatility is inversely 

proportional to the stock price), Jump diffusion model (stock returns are generated by a two-part 

stochastic process:  (a) small, continuous price movements are generated the same process as 

assumed by Black-Scholes model; (b) large infrequent jumps are generated by a Poisson process). 

In general, the Black-Scholes formula is still the most widely used warrant pricing model at this 

moment. However, the Black-Scholes formula is not perfect. Several studies examine the factors 

that determine the pricing errors. Wei (1995) studies the pricing of Nikkei Put Warrants on the 

Toronto Stock Exchange. He finds that Black-Scholes model overprices in the money warrants 

and that it overprices high volatility warrants. He also finds a positive relation between the error 

and the time to maturity. De Roon and Veld (1996) show that using the historical standard 

deviation, the Black-Scholes model underprices the warrants on the FT-SE 100 and CAC 40 

indexes. They also find that the mispricing depends in a strong way on the mispricing of the 

previous trading day, and on the moneyness, the volatility, and dividend yield.  

3.2 The impact of warrants on underlying stocks 

The question of whether derivative securities, such as warrants, have a stabilizing or 

destabilizing impact on the underlying stock market has been widely debated among academics 
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and market observers. If derivatives have a destabilizing impact on the spot market, this would 

be of particular concern to market regulators and those companies issuing warrants.  The existing 

published literature has attempted to resolve this debate by examining the impact upon price, 

liquidity and volatility of underlying stocks after derivative introduction. Most of the studies 

investigate this issue using options.  

Derivatives are often viewed as redundant securities because their payoff can be 

duplicated using the underlying asset and the risk free asset when the market is complete. Then 

warrant introduction should have no price effect on underlying stock. However, Ross (1986) 

argues that options can be useful in attaining efficiency in competitive equilibrium by expanding 

the set of contingencies covered by the marketed assets when market are lacking complete. In 

other words, the introduction of options may make an incomplete market more complete and 

thereby change the opportunity set available to investors. The other reason why options are not 

redundant is that the prices of options may convey important information to market participants. 

Grossman (1988) argues that options provide a real informational role that can not be fulfilled by 

dynamic trading strategies in the underlying stocks.  

While Conrad (1989) finds that the introduction of options causes a permanent price 

increase in the underlying stock beginning a few days before the start of trading on the U.S. 

market, Watt, Yadav and Draper (1992) find that option listing results in a temporary price 

increase on the UK market. Draper et al. (2001) find a temporary decline in price after warrant 

issuance. Chan and Wei (2001) examine the price effect of underlying stock behavior around the 

announcement date of derivative warrants. They find a price declines 2–3 days after the warrant 

announcement. 
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In the meantime, the growth of options markets would have important consequences for 

the risk of the underlying stocks. Martin and Senchack (1989) quote a survey conducted for the 

National Association of Securities Dealers where almost 60 percent of investors blamed the 

increase in US stock market risk after the 1987 crash on stock index futures and options trading. 

One proxy for the risk is volatility. The introduction of options may increase the volatility of 

stock returns due to more speculation and the hedging activity of option traders. On the other 

hand, introducing options expands the investment opportunity set and may make markets more 

liquid and efficient. Introduction of options can reduce volatility of underlying stocks by 

providing low cost state-contingent strategies which enable investors to minimize portfolio risk, 

and by introducing positive information externalities and by transferring speculators from spot 

markets to option markets. 

Two studies by the Chicago Board Options Exchange (CBOE 1975 and 1976) find that a 

statistically significant decline in price volatility occurred following the options listing date. 

Utilizing daily data for varying periods around the listing date, Skinner (1989) finds, among 

other things, the volatility, as measured by variance of returns, falls after options listing whereas 

beta remained unchanged4. Empirically, the declining volatility is supported by Powers (1970), 

Edwards (1988) for the futures contract and Skinner (1989), Conrad (1989), Detemple and Jorion 

(1990), Damodaran and Lim (1991), Easley et al (1998) for the option contract.  On the contrary, 

a number of empirical researches has found evidences against declining volatility such as 

Figlewski (1981), Harris (1989), Lockwood and Linn (1990) for the futures contract and 

Lockwood and Linn (1990) for the option contract.  Few studies also found that the underlying 

                                                           
4  Klemkosky and Maness (1980), Trennepohl and Dukes (1979), Whitewside, Dukes, and Dunne (1983), 
Chamberlain, Cheung, and Kwan (1993) find no significant effect of option listing on the volatility of the underlying 
stock. Klemkosky and Maness (1980), Trennepohl and Dukes (1979), Whitewside, Dukes, and Dunne (1983), 
Conrad (1989), Skinner (1989), Chamberlain, Cheung, and Kwan (1993), and Stucki and Wasserfallen (1994) find 
no significant effect of option listing on the systematic risk (beta) of the underlying stock. 
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asset’s volatility is neutral to derivative instruments introduction such as Chamberlain et al. 

(1993), and Hong and Subrahhmanyam (1994). 

The introduction of options may have different effects on the liquidity and trading 

activities of the underlying stocks. The introduction of options may cause trading to be diverted 

from the underlying stock to the corresponding option and thereby decrease liquidity. However, 

options may increase the size of the opportunity set and lead to a larger total market in options 

and stocks and hence to greater liquidity. Option listing may be followed by greater institutional 

interest in the stock, greater media coverage and closer scrutiny by analyst and investors 

resulting in an increase in trading volume, lowering of bid-ask spreads and greater liquidity. It 

can be argued that the existence of an options market can enable market makers in the stock to 

hedge the risk of their inventory more effectively, and hence lead to lower bid-ask spreads and 

greater liquidity. 

Fedenia and Grammtikos (1992) shows that option listing significantly affects the bid-ask 

spreads on the underlying stocks 5 . Skinner (1989) finds that stock market trading volume 

increases after options are listed on firms’ stock.6 Draper et al. (2001) find an increase in raw 

trading volume after warrant issuance. Chan and Wei (2001) examine volume effects of 

underlying stock behavior around the announcement date of derivative warrants. They find a 

higher level of trading activity in the underlying stock for 5 days around the warrant 

announcement date. 

                                                           
5 Kumar, Sarin and Shastri (1995) investigate the impact of the listing of options on the Nikki Stock Average on the 
volatility, bid-ask spread and trading volume for stocks listed in the First Section of the Tokyo Stock Exchange. 
They find that trading volume, volatility, and bid-ask spreads decline for the stocks contained in Nikkei 225 Index 
after the listing of the index options. 
6 Bansal, Pruitt and Wei (1989) find that total trading volume appears to increase following option listing, securities 
listed after 1980 show smaller increases in volume than those listed in the early years of option trading. 
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The overall evidences in U.S. and other markets seem to suggest that stock return 

increases, stock market volatility decreases and liquidity improves after derivatives, such options 

and warrant, are introduced.  

3.3 The causality relationship between warrant market and stock market 

Two primary functions are generally attributed to derivative markets: transferring 

unwanted price risk through hedging and generating new information about the future value of 

the underlying assets. In a world with non-differential transactions costs across markets and no 

restrictions on borrowing or short selling, we would expect the spot market and the derivatives 

market to be equally accessible to all traders. If conditions tend to favor transactions in a 

particular market, however, then new information may be processed more rapidly in one market 

than the other. In other words, prices in one market may lead prices in the other market. Black 

(1975) conjectures that high leverage opportunity available in derivative markets might induce 

informed trader to migrate from underlying asset’s market into derivative market.   

A growing body of literature is recently devoted to analysis of the intraday relationship 

between derivatives and stock returns in the U.S. market. Stoll and Whaley (1990) find that 

futures returns significantly lead stock returns even after adjusting for infrequent trading bias. 

However, stock returns weakly predict futures returns. They interpret this evidence as meaning 

that the futures market reflects new information more quickly than the stock market. The 

conclusion that futures market serves as a price discovery vehicle for the stock prices and is thus 

the main source of market wide information is usually explained by transaction costs, restriction 

on short sales in the cash market and the higher degree of leverage that can be attained by using 

futures. Fung and Jiang (1999) study the dynamic relationship between Hang Seng Index (HSI) 

and its theoretical value implied by the future prices using error-correction model. They find the 

 11



futures market plays a greater role than the spot in correcting past pricing errors and in adjusting 

towards the long run equilibrium. It has long been recognized that the volatility of stock prices is 

time-varying and clustered. Chan, Chan, and Karolyi (1991) extend the studies of lead-lag 

relationships between the stock and futures markets by allowing the volatility of price changes as 

well as price changes themselves to interact across two markets. They utilize a bi-variate 

generalized autoregressive conditional heteroskedastic (GARCH) model and document that price 

innovation in either the stock or futures market may be able to predict the arrival of new 

information in the other market. 

 

4. Empirical design 

In the paper, we first examine the determinants of mis-pricing on warrants in China. Then we 

study the short-term effect of warrants on stock prices and compare the trading activity and risk 

before and after the warrant issuance. Finally, we investigate the information spillover between 

warrant and underlying stock using intra-day data. 

4.1 Warrant pricing model 

One common way of calculating warrant prices is to use the Black-Scholes call option 

model: 
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R = risk-free rate 

T = time to warrant expiration 

)( id  = cumulative standard normal distribution evaluatedN  at di

σ  = instantaneous standard deviation of stock return 

DIVi = ith dividend 

The performance of the respective models is measure by the difference between the 

model value and market price, divided by the market price. 

Error = (model value – market price) /market price 

Where model value is estimated based on the Black-Scholes model. Among variables used in the 

Black-Scholes model, all variables are known except for standard deviation. In empirical 

research on warrants prices, the volatility is generally estimated using either a historical or an 

implied estimate of the standard deviation. In this paper both estimates are used. The historical 

standard deviation is calculated over the 6-month period preceding each measurement date. The 

other historical standard deviation is calculated using every five minutes intra-day returns one 

day preceding each measurement date. In order to translate the daily estimate of the volatility 

into a yearly estimate, it is assumed that one year comprises 250 trading days. The implied 

standard deviation is estimated using data for the previous trading day.  

 We would also like to find out whether pricing errors are related to specific 

characteristics of the warrants and the underlying stocks. The following regression is adopted: 
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M = the moneyness of a warrant on day t, it is defined as (S-X)/X for call warrants and (X-S)/X 

for put warrant 

S = the stock price 

X = the exercise price 

σ = the volatility  

T = the remaining maturity of the warrant 

NC = a dummy indicating whether new warrants are created by investment companies (since the 

created warrants can be canceled, we may use continuous variable instead of dummy variable) 

C = a dummy indicating whether a warrant is a call warrant. 

V= the trading volume of warrant  

PL = a dummy indicating whether the stock price hits its price limit 

MV = the total trading volume of the warrants market  

LEV = subscription ratio= [stock price/(warrants price/leverage ratio)] 

Pr = premium, for call warrant = (X+C/leverage ratio)/S-1, for put warrant =1-(X+P/leverage 

ratio)/S 

The reason that M2 is included in the regression besides M is to catch a non-linear relation 

between pricing errors and moneyness.  

4.2 The impact of warrants on underlying stocks 

To determine whether the introduction of a warrant has a price effect, an event study is 

performed. The market model is estimated over a period of two hundred days outside the event 

window, one hundred days before and one hundred days after the window. The event window 

extends from day – 10 to day + 10 relative to the event; the event is defined as the day of warrant 

issuance. Scholes-Williams betas are estimated throughout the paper. 

 14



We apply the market model. Using the market model to measure the normal return, the 

sample abnormal return is 

tMiititi RRAR ,,,
ˆˆ βα −−=  

The abnormal return is the disturbance term of the market model calculated on an out of sample 

basis. Under the null hypothesis, conditional on the event window market returns, the abnormal 

returns will be jointly normally distributed with a zero conditional mean and conditional variance 
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For statistical testing purposes, we also calculated the ratio of the cumulative abnormal 

returns (CAR) to its estimated standard deviation. The Z statistic is assumed to be unit normal 
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any changes in risk and trading activities, we 

conduct a short term analysis due to the availability of data. The short-term measures encompass 

the 60 trading days on each side of the warrant-listing date. For the short-term period, we divide 

120-day period around the listing day into 60-day pre-listing and post-listing periods. The pre-

listing (post-listing) period starts 70 (11) days and ends 10 (70) days before (after) the listing 

date. The 20 days around the listing day are eliminated from the analysis to avoid contaminating 

the results with any direct effects of the listings. 

sures of liquidity of 

underlying stock. For the empirical analysis, we calculate the values of each of the variables of 

interest – standard deviation, beta, high-low statistic, trading volume and bid-ask spread in both 

the pre- and post-issuance periods for each stock. The effects of other events on risk and trading 

be 

identified, possible changes in daily market volatility are accommodated by standardizing each 

variable by the contemporaneous counterpart of market for the same period.  

t
RRA  

 In order to examine the possibility that 

In order to examine the effect of warrant introduction on the risk and liquidity of the 

underlying security, we employ standard deviation of return, beta and high-low statistic as 

measures of risk, and also employ trading volume and bid-ask spread as mea

activities are uncertain. While other factors peculiar to individual stocks generally could not 

The standard deviation is calculated as: 

)1/()( 2 −−= Nrrtσ  

r is the mean and N is the number of days under consideration. where rt is return on day t, and 
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Grammatikos and Saunders (1986) point out that standard deviation does not consider 

other re

 and closing 

prices, but also on daily highs and lows. One such estimator, which assumes that prices follow a 

ft over both trading and non-trading period, is  

adily available information. In order to take advantage of all readily available daily price 

data, Parkinson (1980) has developed estimators based on not only on daily opening

Brownian motion with zero dri

)2ln4(

)ln(ln
1

2

t
tt

n

LH
n

∑
=

−

where Ht and Lt are high and low prices observed on day t and n is the number of observations.  

The implicit bid-ask spread is calculated using the formula in Roll (1984) due to 

unavailability of actual bid-ask spread data. Specifically, the spread is calculated as: 

 

),((2 1 tt−

where rt is the return on day t. 

We conduct both the paired t test and the Wilcoxon Signed Rank test on the cross-

sectional series of pre- and post-issuance values of these parameters. 

 

4.3 The causality relationship between warrant market and stock market 

4.3.1 Bi-variate GARCH model 

The lead-lag relation between price movements of warrant and the underlying stock

rrCovs −=  

 

market

arkets are contemporaneously 

correlated.  If one market reacts faster to information, and the other market is slow to react, a 

lead-lag relation is observed. This study investigates the intertemporal relationship between 

warrants and underlying stocks using every five minutes transaction data. With the bivariate 

 illustrates how fast one market reflects new information relative to the other. In a 

perfectly frictionless world, price movements of the two m
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GARCH model, we test not only how rapidly innovations originating in the warrants market 

the stock market by simulating the impulse responses of the estimated bivariate GARCH model. 

The following bivariate GARCH model is posited for the joint processes governing the 

five minutes rates of return for the warrants and stock markets: 

transmit to the stock market, but also how rapidly the volatility of these innovations transmits to 

r a r et p t p t= + +−∑Φ  

e N Ht t tΩ −1 0~ ( , )  

∑ ∑
= =

++ΓΓ= GeeGFHFH      

where the returns vector is denoted by  The residual vector is given by

with its corresponding conditional covariance matrix

−−−

K

k

L

l
lltltlkklkt

1 1

],['
wtstt rrr = . ],['

wtstte εε= , 

{ } ,H ht ij ij t= . et is represented by a column 

,  and including the P lagged values of rt. The parameter vectors and matrices of the 

m

vector of forecast errors of the best linear predictor of rt conditional on past information, denoted 

by Ω t−1

ean returns equation 1 are defined as ],[' 21 aaa =  for the constant and { } ,Φ p ij ij p= φ  for the 

matrix of coefficients with the p lagged returns. The parameter matrices fo  equation 

are defined as

r the variance

{ }Γ ij ij= γ , which is restricted to be upper triangular, and free matrices 

 and  for the lags k and l, respectively.  

tional log-likelihood function for each time period 

as 

{ } ,F fk ij ij k= { } ,G gl ij ij l=

Given a sample of T observations of the returns vector, rt, the parameters of the bivariate 

systems are estimated by computing the condi

L H e Ht t t( ) log log ( ) ( ) ( )'Θ Θ= − − − −2 1
2

1
2

1π  et tΘ Θ

=1

L Lt( ) ( )Θ Θ= ∑  
t

T
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where Θ  is the vector of all parameters. Numerical maximization of the log-likelihood function 

following the Berndt, Hall, Hall, and Hausman (1974) algorithm yields the maximum likelihood 

estimates and associated asymptotic standard errors.  In the bivariate case, the mean equation 

matrix of BEKK model is as follows: 
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unity for overnight returns, and zero for intraday returns. The reason we include trading volume 

is that recently some theoretical studies explicitly investigate the dynamic relationship between trading 

sequential information arrival model. They suggest a positive causal relationship between stock prices and 

trading volume in either direction. In the mixture model of Epps and Epps (1976), trading volume is used 

into the market. The greater the degree of disagreement among traders, the larger the level of trading 

volume is. Their model suggests a positive causal relationship running from trading volume to absolute 

stock returns. Campbell, Grossman, and Wang (1993) present a model whose implications include that 

price changes accompanied by high volume will tend to be reversed, and this will be less true of price 

changes on days with low volume.   Blume, Easley, and O’Hara (1994) present a model in which traders 

can learn valuable information about a security by observing both past price and past volume information.  

 model with information asymmetry.  His model shows that volume may provide 

eturns. 
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where rst = returns on stock market, rwt = returns on warrants market, stv = turnover of 

stock market and =v turnover of warrant market. D is the overnight dummy variable set to 

volume and stock returns. Copeland (1976) and Jennings, Starks, and Fellingham (1981) derive the 

to measure disagreement as traders revise their reservation prices based on the arrival of new information 

wt t

In their model, volume provides data on the quality or precision of information about past price 

movements, and thus traders who include volume measures in their technical analysis perform better in 

the market than those who do not. Wang (1994) analyzes dynamic relationships between volume and 

returns based on a

information about expected future r
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The
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 conditional covariance matrix is as follows: 
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er effects from the stock market to the 

warrant market.  

4.3.2. Granger-causality Test 
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The coefficients swb and swd capture the one-period-lagged return and trading volume spillover 

effects from the warrant market to the stock market. Similarly, the coefficients wsb and wsd capture 

the one-period-lagged return and trading volume spillov

Related to information spillover, an interesting issue is whether the stock market 

additional information for (i.e., helps to better predict) the warrant market.  If both markets

efficient, then it is very difficult to predict each market returns using publicly avail

information.  We explore this issue using Granger causality tests.  Following the GARCH mo

above, we consider the following two four-variable autoregressions to test for causality betw

e stock market returns and the warrant market returns. 

111111111 −−−− ++++= wtstwtstst vvrrr δγχβα  

121212122 −−−− ++++= wtstwtstwt vvrrr δγχβα  

 If the 1χ coefficient is statistically significant, then the inclusion of past values of 

e of 

both stock and warrant, yields a better forecast of the stock returns, and we say that warrant 

that 

warrant returns, in addition to the past history of the stock returns, past trading volum

returns Granger-cause the stock returns.  If a standard F-test does not reject the hypothesis 

1χ  = 0, then warrant returns do not Granger-cause the stock returns.  Similarly, if 

2β coefficient is statistically significant, the inclusion of past values of stock returns, in 

addition to the past history of the warrant returns, past stock trading volume, and past 
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warrant trading volume ds tt ecast f ar eturns, and we say that , yiel  a be er for o the w rant r

examine th

n ing stock market returns 

based 

xt =  B(L) et,   

where et  is a  4 x 1 vector of innovations consisting of  e1t, e2t, e3t, and e4t. We interpret e1t, e2t, 

− ij ator L 

(i.e., ); and the innovations  et  are orthonormalized so that var(et) = I.7

The MAR allows us to examine dynamic relations, because the MAR coefficients of B(L) 

es of the i-th variable (xit)  to the j-th type of shock (ejt) after k 

periods

ij ijk j k= = =

 
                                                          

stock returns Granger-cause the warrant returns.  

4.3.3.   Forecast error variance decomposition 

We further e relative importance of the information content in warrant market 

retur s, stock trading volume, and warrant trading volume in explain

on the decomposition of forecast error variance in stock market returns in a VAR 

framework.  We consider a 4 x 1 vector xt that consists of stock returns, warrant returns, stock 

trading volume and warrant trading volume,  i.e., xt = [rst, rwt, vst, and vwt] ’.  By the Wold 

theorem, xt has the following four-variable moving average representation (MAR): 

                                                     

e3t, and e4t as shocks (i.e., disturbances or innovations) to rst, rwt, vst, and vwt, respectively; L is the 

lag operator (i.e., n xxL = ); B (L) for i, j = 1, 2, 3, 4 is a polynomial in the lag operntt

∑∞
== 0 )()( k

k
ijij LkbLB

(i.e., bij(k)) represent  respons

.  As et is, by orthonormalization, serially and contemporaneously uncorrelated with var(et) 

= I, we can allocate the variance of each element in x to sources in elements of e.  For example,  

   1 4 12 2t t
b k b k

− −∑ ∑ ∑                                                                                               

provides the forecast error decompositions, or the components of error variance in the t-step 

ahead forecast of xi, which is accounted for by innovations (or disturbances) in xj (i.e., ej). 

0 1 0
    ( ) / ( )

 
7 For the VAR framework, see Sims (1980) and Lee (1992). 
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5. Results 

 
5.1. Warrant pricing model 

Researchers usually examine the deficiencies and biases of a warrant pricing model by 

using univariate regressions of the pricing error on various parameters, such as time to expiration 

and stock price over exercise price. Table 2 presents the average pricing errors based on the 

volatility proxy by standard deviation using the historical daily returns for past six months and 

using every five minutes intra-day returns one day preceding each measurement date are -

48.59% and -40.44%, respectively, while the average pricing error based on the volatility proxy 

by the implied volatility based on the last day’s warrant price is 3.57%.  The finding suggests 

when using the historical standard deviation, the Black-Scholes model under-price the warrants 

and errors are very large. However, when using the implied standard deviation of the previous 

trading day the mispricing become very small. The result is consistent with previous studies. For 

example, De Roon and Veld (1996 for CAC 40 call warrant is 20.1% 

using historical standard deviation, while that is only 0.01% using implied standard deviations. 

This is no surprise, because the implied standard deviation only including information from day 

t-1, while historical standard deviation is based on information on the last 6-month. We also find 

that the mispricing is related the moneyness of a warrant. There are larger pricing errors for out-

of-the-money warrants than that for in-the-money warrants. There exist positive relations 

between pricing errors and volatility level, trading volume, whether underlying stocks hit the 

price limits and whether there are any new warrants created by the investment banks as well. 

*********************** 

*********************** 

) find that the pricing error 

Please Insert Table 2 Here 
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 Panel A of Table 3 reports the regression results about the determinants of pricing errors 

using the pooled data. The t-values in Table 3 are based on White-standard errors to account for 

possible conditional heteroskedasticity. The significant positive values for the coefficient of 

Errort-1 indicate that positive deviation for day t-1 is followed a positive deviation on day t. A 

possible explanation is that finding that stocks returns are characterized by conditional 

heteroskedasticity. We find positive relation between moneyness of a warrant and pricing errors. 

It indicates the pricing errors are higher when the warrants become more out-of-the-money. The 

positive coefficient for remaining maturity of the warrant suggests that longer the time to 

aturit

t 98% 

of variation in pricing errors can es in our model. Moreover, we 

replicate the Panel A of Table 3 rant. We find the similar results 

 

m y, the smaller the pricing error is because the pricing error is negative on average. The 

result is not supporting the market learning effect. We also find a significant negative relation 

between pricing errors and warrant price premiums. It suggests that the pricing error is higher 

when the warrant price premium is negative. The coefficient of termination (R2) is 97.4% for 

Errort-1, followed by 59.9% for warrant price premium, 27.7% for moneyness of a warrant and 

24.6% for time to maturity. The R-square is 97.7% for the full model. It indicates that abou

 be explained by the variabl

 using the data for each war

which are reported in Panel B. 

During our interview with practitioners, they mention that pricing errors of warrants are 

heavily influenced by the aggregate market trading activities. Panel A of Table 3 shows that the 

market trading volume (MV) has significantly negative impact on pricing errors. We include the 

interactive terms between MV and other determinants to control for the effect of general mood in 

the warrant market. The results are reported in Panel C of Table 3. We show that when the 

warrant market is active, the influence of those determinants on pricing errors is reduced.  
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*********************** 

*********************** 

5.2. The impact of warrant on underlying stock 

We use an event study methodology to investigate the impact of warrants on the 

underlying stock’s returns around the day when the warrant is introduced. We formulate a 21 day 

event window that consists of 10 trading days before and 10 trading days after the issuance day 

plus the event day itself. The results of event study are reported in Panel A of Table 4.  In general, 

we find a significant price increase in the warranted stocks before the issuance day. The means 

of raw returns are found to be positive and statistically different from zero at the 0.01 level for 

day -9, -8, -6 and -4. The cumulative mean raw returns start an upward trend in the early part of 

the event window with a cumulative price increase of 9.45% in the previous 10 trading days and 

another 1.45% on the issuance day. Stock prices become flat after the issuance. The means of the 

market-adjusted returns are positive and statistically significant on days -9, -8 and -6. The 

cumulative mean

Please Insert Table 3 Here 

 abnormal returns display a pattern similar to that of cumulative raw returns. 

These results suggest that the underlying stocks enjoy positive returns a few days before the 

warrants are issued. It implies that investors in China generally treat warrants issuance as a piece 

of good news. However, the previous studies on other markets show a negative reaction on 

warrant issuance. For example, Draper et al. (2001) find a temporary decline in price after 

warrant issuance. Chan and Wei (2001) examine the price effect of underlying stock behavior 

around the announcement date of derivative warrants. They find a price decline 2–3 days after 

the warrant announcement. One possible explanation is that warrant issuance is part of the state-

shareholding reform in China. The event window could be contaminated by other corporate 

announcements. 
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In order to mitigate the huge demand for warrants, Shanghai stock exchange allows those 

qualified brokerage firms to issue more warrants when there is an imbalance between demand 

and supply. The newly issued warranted must share the same security id and code. The qualified 

brokerage firms must open designated account to deposit 100% underlying stock for call 

warrants and cash for put warran Securities Central Clearing and 

Registration Corporation. We also logy to investigate the impact of 

war

Please Insert Table 4 Here 

oxon signed rank test, and 73% of stocks show higher standard deviation following 

initial w

ts as collateral at the China 

 use an event study methodo

rants creation on the underlying stock’s returns and report the results in Panel B of Table 4. 

The cumulative mean raw returns start an upward trend in the early part of the event window 

with a cumulative price increase of 4.05% in the previous 10 days. However, none of the mean 

raw return is statistically significant. Intuitively, additional supply of warrants can reduce the 

warrant pricing burble which is supposed to be good news to the market. The cumulative mean 

abnormal returns are much flat than that of cumulative raw returns. It implies investors consider 

issuing new warrants by brokerage firms as a neutral event.   

*********************** 

*********************** 

To test whether there is a change in risk after the warrant issuance, the pre and post standard 

deviation, beta and high-low statistic are calculated for each underlying stock around the 

warrants issuance. The results of comparing average standard deviation and beta in the pre- and 

post issuance period are presented in Table 5. The average standard deviation for underlying 

stocks increase after the initial warrant trading by 0.0069 which is significant at the 0.05 level by 

the Wilc

arrant trading. This is consistent with notion that warrants may increase the volatility of 

stock return due to more speculation of warrant traders. However, the market adjusted standard 
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deviation decreases after the trading of warrant but is not significant. This result suggests that 

warrant trading does not lead to dangerous increases in overall return volatility of the underlying 

stock. We then partition the sample into two sub-samples with and without new issued warrants 

by brokerage firms. We find the market adjusted standard deviation of the stocks with new 

issued warrants experiences more decrease than that of the stocks without new issued warrants. 

The results support that the additional supply of warrants can reduce the volatility of underlying 

stocks.  

The average beta changes from 0.836 to 0.884. A paired t-test and Wilcoxon signed-rank 

test on the means of the betas can not reject the null hypothesis that the beta remains the same 

pre-

To test whether there is a c arrant trading, the pre and post 

average trading volume and impl ted for each stock. The average 

arket adjusted trading 

vol

 and post- warrants issuance. 59 percent of companies show a beta increase and remaining 

companies show a beta decrease. Consistent with earlier evidences, there is no significant change 

in beta, and the number of beta increases is about equal to the number of beta decrease. The 

finding is intuitively pleasing in that there would be no rational reason for the systematic risk to 

change. Both raw and market adjusted daily high-low statistic decrease. The null hypothesis of 

same market adjusted high-low statistic can not be rejected.  We also find that the market 

adjusted high-low statistic for the sub-sample with the new issued warrant reduces significantly. 

It is consistent with the initial intention of Shanghai Stock Exchange that the new issued 

warrants can stabilize the market.    

hange in liquidity after the w

icit bid-ask spread are calcula

unadjusted trading volume increases significantly, while the average m

ume decreases slightly. Nonetheless the null hypothesis of pre and post equality of trading 

volume can not be rejected. The market adjusted implicit bid-ask spread reduces after the 
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warrant trading but not statistically significant. Moreover, the market adjusted implicit bid-ask 

spread for the sub-sample with the new issued warrant decreases significantly. It suggests that 

warrants may increase the size of opportunity set and lead to a larger total market in warrants and 

stock and hence to greater liquidity. 

*********************** 

*********************** 

5.3. The causality relationship between warrant and underlying stock 

Panel A of Table 6 shows the average intraday cross-correlations between the five-minute 

returns of stocks and warrants for up to five leads and lags. The 

Please Insert Table 5 Here 

average contemporaneous 

correlation between call warrants ile that between put warrants and 

stock returns is 0.068.  The resu d expect a negative association 

betw

sim

We report the results of the Table 7. The coefficients and 

and stock returns is 0.269, wh

lt is weird because we woul

een put warrants and stock returns in theory. For the most part, price changes occur 

ultaneously in both markets. The lagged warrant returns seem to have some forecast power in 

explaining current stock returns. In Panel B of Table 6, the lead and lag correlations are 

computed for the squared returns. These represent a crude measure of inter market association of 

volatility. Most correlations are greater than zero contemporaneously and up to 2 lags. These 

preliminary results indicate that a lead/lag relation may exist not only for price changes of 

warrants and stocks, but also for the volatility of their price changes.  

*********************** 
Please Insert Table 6 Here 

*********************** 

bi-variate GARCH model in swb

swd capture the one-period-lagged return and trading volume spillover effects from the warrant 

market to the stock market. Similarly, the coefficients wsb and wsd capture the one-period-lagged 
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return and trading volume spillover effects from the stock market to the warrant market. There 

are 21 significant coefficients of swb , while there are only 5 significant coefficients of wsb  It 

implies that one-period-lagged warrant return has more explanatory power in stock return than 

one-period-lagged stock return in warrant return. It suggests that new information may be 

process more rapidly in the warrant market than the stock market.  

*********************** 

*********************** 

Table 8 presents Granger-causality test results. It shows that 19 warrant returns Granger 

cause stock returns. It is consistent with what we find in Table 7 that warrant returns are 

important in explaining stock returns. In c

Please Insert Table 7 Here 

ontrast, only 4 stock returns Granger cause w t 

returns. It indicates that stock retu natory power in warrant returns. 

However, both trading volume o ignificant explanatory power in 

war

Please Insert Table 8 Here 

, we investigate the r tive explanatory power of the stock return, warrant return, 

stock trading volume and warr n the forecast error variance. 

arran

rns have relatively lower expla

f stock and warrant have a s

rant returns. According to the theory, it is the combination of market factors such as 

execution speed, trading costs, price transparency, liquidity and trading anonymity that 

determines which market plays a leading role in price discovery and leadership; that is, price 

discovery takes place mainly in the market where conditions are most favorable to informed 

traders. Warrants market is more favor to informed traders than the stock market due to the 

above market factors. Our finding of more information spillover from the warrants market to the 

stock market is consistent with the theory. 

*********************** 

*********************** 

In Table 9 ela

ant trading volume based o
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Innovation of stock returns acco the stock market forecast error 

 97.451% of the stock return variance, while warrant 

retu

Please Insert Table 9 Here 

and underlying 

stoc

unt for a large fraction of 

variance. On average, stock returns explain

rns, stock trading volume and warrant trading volume only explain 0.779%, 0.037% and 

0.02% of the stock return variance, respectively. In term of the warrant market forecast error 

variance, the warrant returns account for a big proportion. In general, warrant return explain 

94.828% of the warrant return variance, while stock returns, stock trading volume and warrant 

trading volume just explain 5.126%, 0.031 and 0.015% of the warrant return variance, 

respectively.  

*********************** 

*********************** 

6. Conclusions and policy implications 

Total warrant turnover on the Shanghai and Shenzhen Stock Exchanges reached 938.9 billion 

RMB in the first half of 2006. It exceeds that of Hong Kong and becomes the second largest 

warrant market around the world. This paper addresses the following three research questions: 

Whether the warrants pricing model used in the western can be applied in China? What is the 

impact of warrant introductions on the underlying stocks (price, volatility, volume, bid-ask 

spread and beta)? Whether there exist causality relations between warrant prices 

k prices? We find the warrant price is significantly deviated from the fundamentals and the 

average pricing error based on the Black-Scholes formula using the historical standard deviation 

is -48.59%. We show the pricing errors are strongly associated with the moneyness of a warrant, 

the time to maturity, the warrant price premium. The pricing errors exhibit very high 

autocorrelation. We show that warrant trading has negligible impact on the risk, liquidity and 

trading volume of underlying stocks. Our results support that the additional supply of warrants 
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can reduce the volatility of underlying stocks. The causality results suggest warrant market 

serves as price discovery vehicle for the stock prices. Based the above findings, we have the 

following recommendations on the development of the warrant market in China.  

Warrants are introduced to promote its state-shareholding reform in China. Warrants are 

issued by the large shareholder. Warrants in China are different from equity warrants and 

derivative warrants in other markets. Several firms issue the put warrants. However, the large 

shareholders are not able to hedge their risk without the short-selling. Put warrant becomes a 

zero

ubject to a set of entry criteria. Requirements for issuers in Hong 

Kon

authority.  Requiring issuers who do not meet the minimum rating requirement to be regulated by 

-sum game between the large shareholder and warrant investors. The large shareholder 

controls the daily operation of the company and can manipulate the stock price through 

investment, financing and earnings management. The market in China has accumulated enough 

experience during the past 11 months. The short-selling mechanism will be implemented in 

China according the CSRC. We think it is appropriate time to introduce derivative warrants to 

the market because warrants can be as tools for investment, hedging, or arbitrage and can serve 

as a price discovery vehicle. To implement the plan, we suggest introducing ETF warrant as the 

first step and gradually extending derivative warrants to stock market index and then to blue-chip 

stocks.  

Investors in derivative warrants are exposed to credit risk in respect of the issuer. Derivative 

warrant issuers should be s

g provide us a good reference. An issuer of derivative warrants in Hong Kong is required to 

have net assets of $12 billion or more. Issuers are also required to have either a credit rating 

(which must be at least an “A” grade) or to be regulated by the Hong Kong Monetary 

Authority or the Securities and Futures Commission or an acceptable overseas regulated 
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either the HKMA or the SFC or another acceptable regulated authority helps to ensure that the 

issuer will be subject to an appropriate regulatory regime which will protect the interests of 

par

 accounts. However, their 

tran

tion efficiency. In order to enhance the market transparency, 

we 

ties dealing with an issuer. Thus, to set up a credit rating system for the institutional investors 

become an imminent task.  

For derivative warrants, the other important issue is liquidity provider. Following the practice 

in Hong Kong, a Liquidity Provider (LP) mechanism should be introduced. Under this 

mechanism, issuers are required to appoint LPs for their derivative warrants. They may appoint 

different LPs for different warrant issues. However, for each derivative warrant issue, there can 

only be one LP. An LP should provide liquidity for the derivative warrant issue it supports by 

either providing continuous quotes or responding to quote requests. 

Up to June 2005, 1.85 million out of 37 million brokerage accounts participate in the 

transaction of warrants at the Shanghai Stock Exchange. It implies that only 5% of investors are 

involved in warrants market. Large investors, whose daily trading amounts exceeding 0.5 million 

RMB, are the major player in the warrants market. There are 8,177 large investors at the 

Shanghai Stock Exchange. They accounts for 2% of total trading

saction accounts for 62% of total trading amount. They trade about 1.57 million RMB every 

day. 80% of large investors trade at least 10 times per week and contribute 337.3 billion RMB of 

transaction. It accounts for 80% of the total trading volume. They fully take advantage of T+0 

settlement rule. We believe large investors have advantage over small investors in terms of 

information acquiring and transac

suggest the stock exchange to disclose the transaction information of different investor types 

on the daily basis.  We also recommend changing T+0 settlement rule to T+2 settlement rule so 

as to reduce the speculative trading activities in the warrant market.  
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Based on the statistics from the Shanghai Stock Exchange, 49,000 accounting holding 8.9 

million units of Baosteeling call warrants have not made any transaction until the end of July, 

2006. The maturity date of Baosteeling call warrants is August 30, 2006. The majority of these 

accounts are held by individual investors. We suggest the stock exchange to devote more 

resources on investor education.  

Price limits are artificial boundaries that are imposed by exchange regulators to restrict 

extreme daily security price movements. The argument on price limits is inconclusive. The 

proponents suggest that price limits would protect the market from overreaction to noise trading 

and other disturbance, while the opponents argue that they serve no purpose other than to slow 

down price change. Since there is no theoretical basis for determining whether the imposition of 

price limits will have the desired effect, the whole argument becomes an empirical issue to be 

tested. Our results show that the price limits have no impact on the pricing error. We think the 

price limit may not be necessary.  
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Appendix I   
Basic knowledge about warrants 

 
Features of call and put warrants 

 Call warrant Put warrant 
Holder right Holder has the right, but not 

the obligation, to purchase 
from the issuer a given 
amount of the underlying asset 
at a predetermined exercise 
price within a specified time 
period. 

Holder has the right, but not 
the obligation, to sell to the 
issuer a given amount of the 
underlying asset at a 
predetermined exercise price 
within a specified time period.

Payoff on expiry Max (average closing price – 
exercise price) adjusted by the 
subscription ratio 

Max (exercise price - average 
closing price) adjusted by the 
subscription ratio 

 
Factors affecting the warrant price 

Factor Effect on 
value of 
warrant 

remarks 

  call put   

Underlying price 
increased 

+ - The higher the price of the underlying asset, the higher the 
value of the call warrant, but the lower the value of the put 

warrant 
Volatility of 

underlying asset 
increased 

+ + The more volatile the underlying asset’s price, the higher the 
price of the call and put warrant 

Time to expiry 
decreased 

- - The value of the call warrant and the put warrant will 
decrease as they approach expiry 

Interest rates 
increased 

+ - As interest rate increases, the value of the call warrant 
increases, but the value of the put warrant decreases 

Dividends paid on 
underlying assets 

- + The value of the call warrant decreases whereas the value of 
the put warrant increases on the ex-dividend date 

 
Risks involved in trading derivative warrants 

Issuer risk Derivative warrant holders are unsecured creditors of an issuer and have no 
preferential claim to any assets an issuer may hold. Therefore, investors are exposed 
to credit risk in respect of the issuer. 

Gearing 
risk 

 Although derivative warrants may cost a fraction of the price of the underlying 
assets, a derivative warrant may change in value more or less rapidly than the 
underlying asset. In the worst case the value of the derivative warrants falls to zero 
and holders lose their entire purchase price. 

Limited  Unlike stocks, derivative warrants have an expiry date and therefore a limited life. 
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life Unless the derivative warrants are in-the-money, they become worthless at 
expiration. 

Time 
decay 

 One should be aware that other factors being equal the value of derivative warrants 
will decrease over time. Therefore, derivative warrants should never be viewed as 
products that are bought and held as long term investments. 

Volatility  Other factors being equal an increase in the volatility of the underlying asset should 
lead to a higher warrant price and a decrease in volatility lead to a lower derivative 
warrant price. 

Market 
forces 

 In addition to the basic factors that determine the theoretical price of a derivative 
warrant, derivative warrant prices are also affected by all other prevailing market 
forces including the demand for and supply of the derivative warrants. Supply and 
demand forces may be greatest when a derivative warrant issue is almost sold out 
and when issuers make further issues of an existing derivative warrant issue. 

 
Technical terms in the derivative warrant market 

Terms Definitions Examples 
Premium  Usually expressed as a percentage, premium 

indicates how much extra an investor is 
paying to buy and exercise the derivative 
warrant instead of buying or selling the 
underlying asset directly. 
Premium of a call warrant: [(exercise price + 
warrant price * entitlement ratio)/underlying 
price – 1]*100% 
Premium of a put warrant: [1-(exercise price 
- warrant price * entitlement 
ratio)/underlying price]*100% 

Underlying price = $100 
Exercise price = $95 
Call warrant price = $1.59 
Entitlement ratio = 10 derivative 
warrants for 1 share 
Premium of a call warrant = 
[(95+1.59*10)/100-1]*100% = 
10.9% 

Entitlement 
ratio 

The number of derivative warrants required 
to be exercised for one unit of the underlying 
assets. Entitlement ratio is also referred to as 
the subscription ratio or conversion ratio, 

 

Delta  

   

 

A measure of the change in an option value 
for a dollar change in the underlying stock 
price. Call options have positive deltas as the 
call value increases as the stock price 
increases, it ranges from 0 to 1. Put options 
have negative deltas as the put value declines 
as the stock price increases, it ranges from –1 
to 0. At-the-money calls have delta values 
close to 0.5, while at-the-money puts have 
delta values close to –0.5.  

If delta of Call ABC June 200 = 
0.5, it means that one dollar 
increase in the ABC stock price 
will result in an $0.50 gain in the 
option value.  

 

Theta  

 

 A measure of the change in an option’s 
theoretical value for a pre-defined period 
closer to expiry. The pre-defined period for 
the Calculator is 7 days.  

A theta value of –0.3525 implies a 
decrease of $0.3525 in the option 
premium for 7 days. 

Gamma A measure of the change in an option delta If the gamma of Call ABC Jan 40 
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for one dollar change in the underlying stock 
price. The gamma value changes 
significantly when the option is near-the-
money, hence it is an important parameter 
during hedging. 

= 0.04, it implies that one dollar 
increase (decrease) in ABC share 
price will result in 0.04 increase 
(decrease) in the delta value of the 
option series. 

   
 

Comparison among equity warrants, covered warrants and options 
 Equity warrants Covered warrants Options 

Issuers Listed firms Security firms, 
investment bank 

no 

Underlying assets stock Stock, basket of 
stocks, index and 
other derivatives 

Stock, index 

Exercise method European European/American European/American 
Maturity 1-5 years 6 months – 2 years 1-9 months 

Delivery method stock Cash settlement or 
stock delivery 

Cash settlement 

Exercise consequence Equity capital 
increase 

Equity capital un-
change 

Equity capital un-
change 

Short-selling 
restriction 

yes yes no 

Information source: Hong Kong Stock Exchange 
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Appendix II 
Warrants market around the world 

 
Summary statistics on trading volume of derivative warrants in major stock exchanges 

Trading volume in million US$ Growth rate Stock exchange 
2003 2004 2005 2004 2005 

Hong Kong Stock Exchange 33,961.2 67,357.3 110,214.7 98.3% 63.6% 
Borsa Italiana 13,125.2 21,115.3 61,764.0 60.9% 192.5%

Deutsche Borse 46,222.6 55,208.3 59,442.8 19.4% 7.7% 
Swiss Exchange 13,737.4 19,879.7 25,772.8 44.7% 29.6% 

Singapore Stock Exchange NA 946.6 6,377.3 - 573.7%
Australian Stock Exchange 1,654.5 2,826.6 4,984.5 70.8% 76.3% 

Taiwan Stock Exchange NA NA 4,405.5 - - 
Spanish Exchanges 1,829.3 2,268.3 2,657.5 24% 17.2% 

OMX Exchange NA 1,232.7 1,796.8 - 45.8% 
TSX NA 714.8 940.8 - 31.6% 
JSE 222.3 354.1 645.3 59.3% 82.2% 

London Stock Exchange NA 809.5 608.5 - -24.8% 
Tel Aviv Stock Exchange 185.1 320.5 388.1 73.1% 21.1% 
Mexico Stock Exchange 33.3 72.8 341.6 118.6% 369.2%

Malaysian Stock Exchange  NA 645.6 277.4 - -57.0% 
Wienner Borse 19.9 17.9 161.7 -10.1% 803.4%

Oslo Bors 38.6 77.7 78.6 101.3% 1.2% 
New Zealand Stock Exchange  NA NA 44.2 - - 

Korea Stock Exchange NA 4.4 41.5 - 843.2%
Luxembourg Stock Exchange 58.6 105.4 5.1 79.9% -95.2% 

Warsaw Stock Exchange 1.7 17.9 0.1 952.9% -99.4% 
Total 12,676.3 186,606.5 280,948.8 53.4% 50.1% 

Information source: WFE 
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Summary statistics on the number of derivative warrants listed in major stock exchanges 
Stock Exchange 2003 2004 2005 

Hong Kong Stock Exchange 530 863 1,304 
Borsa Italiana 2,594 3,021 4076 

Deutsche Borse 21.431 27,297 34,263 
Swiss Exchange 2,662 3682 6,246 

Singapore Stock Exchange 3 146 146 
Australian Stock Exchange 1,395 1,771 2,447 

Taiwan Stock Exchange 272 191 540 
Spanish Exchanges 1,056 1,308 1,344 

OMX Exchange NA 1,491 1,463 
TSX 46 60 66 
JSE 239 243 321 

London Stock Exchange 545 644 213 
Tel Aviv Stock Exchange 78 106 163 
Mexico Stock Exchange 3 13 26 

Malaysian Stock Exchange  NA 10 12 
Wienner Borse 590 493 1,583 

Oslo Bors 68 72 84 
New Zealand Stock Exchange  NA NA 21 

Korea Stock Exchange 1 3 72 
Luxembourg Stock Exchange 1,795 2,414 2,821 

Warsaw Stock Exchange 35 29 0 
Total 33,343 41,857 57,211 

Information source: WFE 
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Characteristics of major derivative warrant markets around the world 
Characteristics Deutsche 

Borse 
Hong Kong 

Stock 
Exchange 

Swiss 
Exchanges 

Borsa 
Italiana 

Euronext 

No. of issuers >25 18 NA 17 17 
% of foreign 

warrant 
By number 
By turnover 

value 

 
 

6% 
6% 

 
 

Negligible 
 

 
 

44% 
39% 

 
 

NA 

 
 

NA 

Underlying 
assets 

Equities 
Bonds 
Indices 

Options & 
futures 

Currencies 
Investment 

funds 
Gold & other 
commodities 

Equities 
Indices 

Currencies
ETFs 

Equities 
Interest 

rates/bonds 
Currencies 

Commodities 
Structured 
products 

Equities 
Indices 

Government 
bonds 

Interest 
rates/bonds 
currencies 

Equities 
Indices 
Interest 

rates/bonds 
Currencies 

Commodities
 

Trading 
 

Order 
execution 

through limit 
control 

system by 
lead brokers 

on FWB 
Order- & 

quote-driven 
auto-matching 

Xetra 

Order-
driven auto-

matching 
on AMS/3 

Order-driven 
auto-matching 

on SWX 
trading system; 
Off-exchange 

trading for 
large 

transaction size 

Order-driven 
auto-

matching on 
MCW 

Order-driven 
auto-

matching on 
NSC-

Warrants 

Presence of 
liquidity 
providers 

Yes 
 

Yes 
 

Voluntary 
market making

Yes 
 

Yes 
 

System-
imposed price 

limits 

NA According 
to quotation 

rules as 
applicable 

to all 
securities 

NA Maximum % 
limits on 

order price 
and 

transaction 
price 

Trading halts 
if price limits 

exceeded 
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Appendix III 
The warrants market in Hong Kong and China 

 
The trading volume and market capitalization of warrants in Hong Kong Stock Exchange 

 Equity warrants Derivative warrants Total 
 number Trading 

volume 
(mil. 
HK$) 

Market 
cap. 
(mil. 
HK$) 

number Trading 
volume 

(mil. HK$)

Market 
cap. 

(mil. HK$)

number Trading 
volume 

(mil. HK$) 

Market 
cap. 

(mil. HK$)

Quarter 
4 2004 

32 1,144.56 2,316.95 863 170,172.15 84,257.32 895 171,316.7 86,574.27

Quarter 
1 2005 

33 1,045.79 3,194.29 867 160,375.18 49,971.48 900 161,420.97 53,111.76

Quarter 
2 2005 

26 597.94 2,499.05 927 169,086.62 67,123.72 953 169,684.56 69,622.76

Quarter 
3 2005 

27 471.64 1,603.62 1,192 282,999.55 139,464.18 1,219 283,471.19 141,067.81

Quarter 
4 2005 

27 167.88 1,156.84 1,304 244,145.28 98,490.16 1,331 244,313,16 99,646.99

Information source: Hong Kong Stock Exchange Fact Book 

Requirements on underling assets in Hong Kong and China 
Hong Kong China 
The underlying stock of a derivative warrant 
must be either in the Hang Seng index or on a 
list which is updated quarterly by HKEx. To 
be on the list a stock must have had a public 
float capitalization of $4 billion or more for 
three months. Newly listed stocks may be 
exempted from the 3 month requirement if 
public float capitalization is at least $10 
billion. 

The underlying stock of a derivative warrant 
must satisfy the following criteria: (1) average 
market capitalization no less than 3 billion 
yuan in the past daily twenty trading days, (2) 
the cumulative turnover ratio should not be 
less than 25% in the past sixty trading days, 
and (3) the float shares outstanding should not 
be less than 300 million. 
 

 
How are warrants traded on the Hong Kong Stock Exchange? 

Warrants are traded on the stock exchange during trading hours in multiples of board lots and 
settled on T+2. 
Equity and derivative warrants are traded through the Third Generation Automated Order 
Matching and Execution System (AMS/3), the trading system for all cash market products. The 
system is purely order-driven and orders are matched in price and time priority. 
For derivative warrants, a Liquidity Provider (LP) mechanism was introduced on 10 December 
2001. Under this mechanism, issuers are required to appoint LPs for their derivative warrants 
listed on the Exchange. They may appoint different LPs for different warrant issues. However, 
for each derivative warrant issue, there can only be one LP. LPs must be Stock Exchange 
Participants. Currently, there are over 20 LPs. 
An LP should provide liquidity for the derivative warrant issue it supports by either providing 
continuous quotes or responding to quote requests. This obligation lasts from five minutes after 
the market has opened until the market closes, except under certain circumstances such as the 
suspension of trading of the underlying stocks or during fast markets. The issuer has to specify 
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in the listing document the system under which liquidity is provided for the derivative warrant 
issue and the response time for each quote request if that is the case. It must also specify the LP 
for the issue and the maximum spread between its bid and offer prices. 
Continuous quotes consist of bids and offers for an issue posted continuously on the AMS/3 for 
a minimum of 10 board lots of the derivative warrant issue. Under the quote request system, 
LPs would provide a bid and offer similar to continuous quotes but only upon receiving a quote 
request. A telephone number that investors or brokers can call to make quote requests for a 
derivative warrant issue is displayed on the warrant’s page in the trading system and in the 
listing document. 
Information source: http://www.hkex.com.hk
 

Firms qualified to issue warrants 
 Code Stock name  Market 

capitalization of 
tradable shares 
(1000 million) 

Turnover rate 
in the past 
sixty days 

The number 
of tradable 
shares (1000 
million) 

1 600050  中国联通  170.95  63.89  65.00 
2 600028  中国石化  145.60  77.46  28.00 
3 600016  Ｇ民生  138.96  92.62  29.13 
4 000063  Ｇ中兴  110.67  47.33  3.78 
5 600000    浦发银行  104.22    58.62   9.00 
6 000001   深发展Ａ  87.94   33.19   14.09 
7 600015    华夏银行  66.00   95.04   12.00 
8 000069   Ｇ华侨城  51.47   55.21   5.04 
9 600320   振华港机  49.59   108.77   4.35 
10 000402   金融街   46.18   59.23   3.85 
11 600104   Ｇ上汽   45.17   40.34   13.17 
12 600839   四川长虹  42.91   33.68   9.51 
13 600642   Ｇ申能   42.64   69.17   8.14 
14 000866   扬子石化  42.56   157.55   3.50 
15 000792   盐湖钾肥  40.32   56.82   3.00 
16 600832   Ｇ明珠   38.78   91.80   3.07 
17 000088   盐田港Ａ  35.59   35.85   3.25 
18 600717   Ｇ天津港  35.08   95.42   6.63 
19 600795   国电电力   34.27   53.31   5.89 
Information source: Wind 
 

Requirements for issuers in Hong Kong and China 
Hong Kong China
Investors in derivative warrants are exposed to credit risk in respect of the issuer. 
Derivative warrant issuers are subject to a set of entry criteria currently set out the in the 
Listing Rules of Hong Kong Stock Exchange, such as following: 

NA 

 43



An issuer is required to have net assets of $12 billion or more 
Issuers are also required to have either a credit rating (which must be at least an “A” 
grade) or to be regulated by the Hong Kong Monetary Authority or the Securities and 
Futures Commission or an acceptable overseas regulated authority. Requiring issuers 
who do not meet the minimum rating requirement to be regulated by either the HKMA 
or the SFC or another acceptable regulated authority helps to ensure that the issuer will 
be subject to an appropriate regulatory regime which will protect the interests of parties 
dealing with an issuer. 
Information source: http://www.hkex.com.hk
 

Derivate warrant issuers in Hong Kong and China 
Securities firm name Number of 

warrants 
Securities firm 
name 

Net assets by the end 
of 2005 (100,000) 

ABN AMRO Bank N.V.  130 中信证券股份

有限公司  
-- 

BNP Paribas Arbitrage Issuance 
B.V.  

66 海通证券股份

有限公司  
292800 

BOCI Asia Limited  44 华泰证券有限

责任公司  
213600 

Calyon Financial Products 
(Guernsey) Limited  

46 国信证券有限

责任公司  
153467 

Citigroup Global Markets Holdings 
Inc.  

14 广发证券股份

有限公司  
177750 

Credit Suisse First Boston  130 国泰君安股份

有限公司  
230751 

DBS Bank Ltd  6 长江证券有限

责任公司  
147700 

Deutsche Bank AG  113 东方证券股份

有限公司  
142977 

Fortis Bank S.A./N.V.  21 招商证券股份

有限公司  
118347 

Goldman Sachs Structured Products 
(Asia) Limited  

66 中国国际金融

有限公司  
182272 

The Hongkong and Shanghai 
Banking Corporation Limited  

14 东海证券有限

责任公司  
91314 

J.P. Morgan International 
Derivatives Ltd.  

60 光大证券股份

有限公司  
196302 

KBC Financial Products 
International Ltd.  

161 国元证券有限

责任公司  
152419 

Macquarie Bank Limited  222 国都证券有限

责任公司  
88294 

MSDW Asia Securities Products 8 上海证券有限 95464 
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LLC  责任公司  
Cooperatieve Centrale Raiffeisen-
Boerenleenbank B.A.  

38   

S.G.A. Societe Generale 
Acceptance N.V.  

150   

UBS AG  76   
Information source: http://www.hkex.com.hk and China securities association 
 
Trading behavior of warrants market in Shanghai (June 2006) 

Type Number of 
accounts 

As the 
percentage of 
total accounts 

Trading 
amount 

As the percentage 
of total trading 
amount 

Average 
trading 
amount 

Individual*  174996 46.23% 1333578018 1.29% 7613 
Small  157903 41.72% 13673018214 13.23% 85912 
Medium  37015 9.78% 22085965632 21.37% 587082 
Large  8165 2.16% 65366488064 63.26% 7877489 
Institution 429 0.11% 868314678 0.84% 2209357 
Total 378508  103327364605  272986 
*Individual trading account is defined as the account with daily trading amount less 10,000 RMB, 
small trading account with daily trading amount between 10,000 and 100,000 RMB, medium 
trading account with daily trading amount between 100,000 and 500,000 RMB and large trading 
account with daily trading amount more than 500,000 RMB  
Information source: Shanghai Stock Exchange Information System Ltd. 



Table 1 Descriptive statistic about individual warrant and warrants market in China 

Panel A individual warrant 
Code Name Type Underlying 

stock 
Issue date Expiration 

date 
Subscription 

ratio 
Exercise 

price 
Amount of 
warrants 
issued 

(hundred 
million) 

The amount 
of new 

warrants 
created 

(hundred 
million) 

Warrants issued 
as the 

percentage of 
tradable shares

Issuer 

030001.SZ 鞍钢
JTC1 

E G 鞍  钢 20051205 20061205 1 3.39 1.13 0.00 15% Large 
shareholder

030002.SZ 五粮
YGC1 

B G 五粮液 20060403 20080402 1 6.87 2.98 0.00 39% Large 
shareholder

038001.SZ 钢钒
PGP1 

E G 新钢钒 20051205 20070503 1.535 3.16 2.33 0.00 40% Large 
shareholder

038002.SZ 万科
HRP1 

B G 万科Ａ 20051205 20060904 1 3.64 21.40 0.00 80% Large 
shareholder

038003.SZ 华菱
JTP1 

E G 华  菱 20060302 20080301 1 4.77 6.33 0.00 72% Large 
shareholder

038004.SZ 五粮
YGP1 

B G 五粮液 20060403 20080402 1 7.89 3.13 0.00 41% Large 
shareholder

038005.SZ 深能
JTP1 

B G 深能源 20060427 20061026 1 6.69 4.38 0.00 90% Large 
shareholder

038006.SZ 中集
ZYP1 

B G 中  集 20060525 20071123 1.128 8.87 4.24 0.00 70% Large 
shareholder

038008.SZ 钾肥
JTP1 

E G 钾  肥 20060630 20070629 1 15.10 1.20 0.00 40% Large 
shareholder

580000.SH 宝钢
JTB1 

E G 宝  钢 20050822 20060830 1 4.20 3.88 0.00 10% Large 
shareholder

580001.SH 武钢
JTB1 

E G 武  钢 20051123 20061122 1 2.62 4.74 9.41 25% Large 
shareholder

580002.SH 包钢
JTB1 

E G 包  钢 20060331 20070330 1 1.94 7.15 1.96 45% Large 
shareholder

580003.SH 邯钢
JTB1 

E G 邯  钢 20060407 20070404 1 2.73 9.26 1.88 73% Large 
shareholder

580004.SH 首创
JTB1 

E G 首  创 20060424 20070423 1 4.40 0.60 1.82 10% Large 
shareholder
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580005.SH 万华
HXB1 

E G 万  华 20060427 20070426 1.41 6.38 0.57 0.03 20% Large 
shareholder

580006.SH 雅戈
QCB1 

B G 雅戈尔 20060522 20070521 1 3.66 0.87 1.35 10% Large 
shareholder

580007.SH 长电
CWB1 

E G 长  电 20060525 20070524 1 5.35 4.07 0.00 15% 上市公司 

580990.SH 茅台
JCP1 

E G 茅  台 20060530 20070529 0.25 30.30 4.32 2.74 40% Large 
shareholder

580991.SH 海尔
JTP1 

E G 海  尔 20060522 20070516 1 4.29 6.07 0.73 90% Large 
shareholder

580992.SH 雅戈
QCP1 

E G 雅戈尔 20060522 20070521 1 4.09 6.35 0.44 70% Large 
shareholder

580993.SH 万华
HXP1 

E G 万  华 20060427 20070426 1.41 9.22 0.85 0.65 30% Large 
shareholder

580994.SH 原水
CTP1 

E G 原  水 20060419 20070212 1 5.00 2.80 0.79 50% Large 
shareholder

580995.SH 包钢
JTP1 

E G 包  钢 20060331 20070330 1 2.37 7.15 0.14 45% Large 
shareholder

580996.SH 沪场
JTP1 

E G 沪机场 20060307 20070306 1 13.60 5.68 0.00 75% Large 
shareholder

580997.SH 招行
CMP1 

E G 招  行 20060302 20070901 1 5.59 22.41 0.00 60% Large 
shareholder

580998.SH 机场
JTP1 

A G 穗机场 20051223 20061222 1 6.90 2.40 0.39 60% Large 
shareholder

580999.SH 武钢
JTP1 

E G 武  钢 20051123 20061122 1 2.83 4.74 2.14 26% Large 
shareholder

E = European, A = American and B = Bermuda 
 
Panel B basic statistics about individual warrant 

Code Average 
daily 

trading 
volume 

(million) 

Average 
daily 

trading 
amount 

(million) 

Average 
daily 

turnover

Average 
daily 
return 

Minimum 
price 

Maximum 
price 

Moneyness Historical 
volatility 

Average 
daily 

implied 
volatility

Premium

030001.SZ 92.01 268.35 81.35% 0.97% 1.608 5.158 0.477 0.404 1.454 0.238 
030002.SZ 163.89 1013.82 55.02% 3.57% 1.200 11.670 0.797 0.463 0.833 0.166 
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038001.SZ 132.71 210.91 56.88% -0.03% 0.783 2.360 0.064 0.381 0.723 0.243 
038002.SZ 1149.97 547.54 53.73% -0.21% 0.116 1.040 -0.496 0.400 1.066 0.407 
038003.SZ 302.64 414.11 47.80% 0.23% 0.949 1.780 0.235 0.305 0.311 0.042 
038004.SZ 297.94 513.28 95.14% 0.51% 0.896 3.380 -0.565 0.463 0.665 0.465 
038005.SZ 426.41 476.28 97.42% 0.19% 0.478 1.997 -0.076 0.347 0.754 0.205 
038006.SZ 210.65 360.85 49.67% 1.84% 0.844 3.300 -0.510 0.474 0.588 0.424 
038008.SZ 171.05 361.70 142.54% 9.14% 1.501 3.446 -0.264 0.394 0.544 0.302 
580000.SH 508.11 753.89 131.06% 0.46% 0.598 2.380 -0.053 0.228 1.289 0.384 
580001.SH 974.44 995.28 68.87% 0.73% 0.565 1.840 -0.012 0.285 1.046 0.331 
580002.SH 944.19 1086.99 103.65% 2.31% 0.460 1.930 0.165 0.394 1.223 0.321 
580003.SH 835.35 1414.89 75.01% 1.57% 0.661 3.619 0.287 0.408 1.002 0.218 
580004.SH 204.62 545.36 84.55% 3.69% 1.013 4.589 0.108 0.404 1.416 0.415 
580005.SH 16.87 222.08 28.32% 0.78% 8.888 20.210 1.265 0.499 0.967 0.069 
580006.SH 86.89 350.84 39.20% 0.80% 3.000 5.799 0.648 0.409 1.413 0.229 
580007.SH 115.96 436.22 28.48% 0.84% 2.801 4.980 0.231 0.288 1.265 0.325 
580990.SH 419.38 770.66 59.41% 21.37% 1.010 4.080 -0.511 0.450 0.901 0.468 
580991.SH 382.98 419.39 56.29% 2.60% 0.556 1.872 -0.029 0.230 0.627 0.232 
580992.SH 528.76 577.72 77.92% 8.48% 0.505 2.178 -0.475 0.409 0.914 0.460 
580993.SH 118.10 312.60 78.81% 2.24% 1.136 4.750 -0.567 0.499 0.865 0.466 
580994.SH 365.77 519.11 101.77% 0.89% 0.667 2.440 -0.035 0.328 0.857 0.277 
580995.SH 883.79 573.25 121.25% 0.65% 0.421 0.987 0.049 0.394 0.670 0.203 
580996.SH 253.04 361.11 44.57% -0.61% 0.712 2.150 0.039 0.305 0.233 0.062 
580997.SH 1121.21 570.03 50.02% 0.14% 0.335 0.700 -0.251 0.314 0.371 0.259 
580998.SH 211.51 292.15 75.82% 0.59% 0.672 2.330 0.063 0.238 0.503 0.127 
580999.SH 482.21 431.18 70.09% 0.11% 0.496 1.860 0.085 0.285 0.748 0.188 

Average 422.24 548.13 73.13% 2.36% 1.22 3.81 0.025 0.370 0.861 0.279 
Maximum 1149.97 1414.89 1.43 0.21 8.89 20.21 1.27 0.50 1.45 0.47 
Minimum 16.87 210.91 0.28 -0.01 0.12 0.70 -0.57 0.23 0.23 0.04 

Average for 
call 

warrants 
394.23 708.77 69.55% 1.57% 2.08 6.22 0.39 0.38 1.19 0.27 

Average for 
put 

warrants 
438.71 453.64 75.24% 2.83% 0.71 2.39 -0.19 0.37 0.67 0.28 

Average for 
the group 
with new 

issued 

461.06 607.96 0.74 0.03 1.43 4.18 0.07 0.37 0.94 0.29 
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warrants 
Average for 
the group 
without 

new issued 
warrants 

380.43 483.70 0.72 0.01 0.99 3.41 -0.03 0.37 0.78 0.27 

Where the moneyness of a warrant on day t, it is defined as (S-X)/X for call and (X-S)/X for put. Premium, for call warrant = (X+C/leverage ratio)/S-1, for put 
warrant =1-(X+P/leverage ratio)/S 
 
Panel C basic statistics about warrant market 

Date # of warrants Trading volume 
(hundred million)

Trading amount 
(hundred million)

Average Turnover 
ratio 

Market 
capitalization at 

the end of the 
month 

(hundred million)
August 2005 1 69.95 120.48 225.54% 5.89 

September 2005 1 63.96 83.59 74.99% 4.24 

October 2005 1 50.90 47.33 82.06% 4.35 

November 2005 3 444.43 690.25 292.90% 32.16 

December 2005 7 1068.49 1246.89 110.94% 55.61 

January 2006 7 340.25 368.46 48.22% 39.77 

February 2006 7 518.87 558.53 79.86% 45.69 

March 2006 12 794.25 706.74 47.10% 73.47 

April 2006 20 1237.48 1103.89 61.14% 115.17 

May 2006 26 2412.87 3483.92 99.67% 297.90 

June 2006 27 2287.01 3166.38 61.47% 189.74 

July 2006 27 2327.93 2087.89 70.34% 163.48 

Average 11.58 968.03 1138.70 104.52% 85.62 
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Table 2 Univaraite analysis of the estimation error 
 
The performance of the respective models is measure by the difference between the model value and market price, divided by the 
market price. 
Error = (model value – market price) /market price 
Where model value is estimated based on the Black-Scholes model. In empirical research on warrants prices, the volatility is generally 
estimated using either a historical or an implied estimate of the standard deviation. In this paper both estimates are used. The historical 
standard deviation is calculated over the 6-month period preceding each measurement date. The other historical standard deviation is 
calculated using intra-day returns one day preceding each measurement date. In order to translate the daily estimate of the volatility 
into a yearly estimate, it is assumed that one year comprises 250 trading days. The implied standard deviation is estimated using data 
for the previous trading day. 
 
 The average error  based on the 

volatility proxy by standard 
deviation using the historical daily 

returns for past six months 

The average error  based on 
the volatility proxy by 

standard deviation using the 
historical intra-day  returns 

for past one day 

The average error  based on 
the volatility proxy by the 
implied volatility based on 
the last day’s warrant price 

Total sample -48.59% -40.44% 3.57% 

    

In the money -26.37% -21.70% -1.21% 

At the money -57.15% -48.56% -1.04% 

Out of the money -66.15% -54.64% 16.67% 

    

High volatility -48.73% -42.26% 7.99% 

Low volatility -48.48% -39.19% 0.04% 

    
High volume -55.63% -42.42% 6.03% 

Low volume -45.45% -39.57% 2.47% 

    
Hit price limit -48.47% -10.66% -15.36% 

Not hit price limit -48.59% -40.79% 3.76% 

    

 51



With new warrants created by 
investment bank 

-60.19% -47.46% 24.74% 

Without new warrants created 
by investment bank 

-47.61% -39.87% 1.79% 

    
The warrants as the percentage 
of tradable shares above the 
median 

-40.45% -30.52% 4.87% 

The warrants as the percentage 
of tradable shares below the 
median 

-52.97% -45.94% 2.88% 
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Table 3 Multivariate analysis of the estimation error 
 

itit 1211

 
The performa
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Pr
10198765413

2
21

+
++++++++++= −−σ  

nce of the respective models is measure by the difference between the model value and market price, divided by the 

 of a warrant on day t, it is defined as (S-X)/X for call and (X-S)/X for put 

+

market price. 
Error = (model value – market price) /market price 
M = the moneyness
S = the stock price 
X = the exercise price 
σ  = the volatility (standard deviation and implied volatility) 

ed by investment companies (since the created warrants can be canceled, we 

turnover ratio of the warrants market) 

Pr = premium, for call warrant = (X+C/leverage ratio)/S-1, for put warrant =1-(X+P/leverage ratio)/S 

anel A th ll sa  

T = the remaining maturity of the warrant 
NC = a dummy indicating whether new warrants are creat
may use continuous variable instead of dummy variable) 
C = a dummy indicating whether a warrant is a call warrant. 
V= the trading volume of warrant (and turnover ratio) 
PL = a dummy indicating whether the stock price hits its price limit 
MV = the total trading volume of the warrants market (and the 
LEV = subscription ratio = (stock price/(warrants price/leverage ratio)) 

 
P e fu mple
 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 
Intercept -0.500 -0.514 -0.639 -0.792 -0.477 -0.455 -0.441 -0.486 -0.006 -0.456 -0.449 -0.064 -0.061 -0.066 
 (0.000) (0.0 0) (0.0 0) (0 ) (0 ) (0 ) (0 ) (0 ) (0 ) (0 ) (0 ) (0 ) (0 )0 0 .000 .000 .000 .000 .000 .001 .000 .000 .000 (0.000) .000
M 0.3944            0.051  
 (0. 0) 00            (0.000)  
M2  0.1799           -0.024  
  (0.0 0) 0           (0.000)  

1−tσ    0.4380          0.062 0.104 

   (0.0 0) 0          (0.000) (0.000)
T    0.3 285         0.019 0.031 
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    (0 ).000         (0.000) (0.000)
NC -0 4    .126        0.005 0.008 
     (0 ).000        (0.177) (0.029)
C      -0 8 -0.013 .075       -0.005 
      (0 ).000       (0.000) (0.051)
V       -0 4.008      -0.001 0.000 
       (0 ).000      (0.001) (0.392)
PL        0.0 140     -0.045 -0.045 
        (.9 2)8     (0.000) (0.000)
Errort-1 0.9 60        8    0.938 0.888 
         (0 ).000    (0.000) (0.000)
MV          -0  .003   -0.003 -0.002 
          (0 ).000   (0 ).051 (0.246)
LEV -0 6 0. 1           .006  00 0.000 
           (0.000)  (0.000) (0.008)
Pr            -1.5603  -0.196 
            (0.000)  (0.000)
R2 0.277 0.036 0.019 0.246 0.013 0.016 0.030 0.000 0.974 0.005 0.014 0.599 0.975 0.976 
 
Panel B the full sample 
 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 
Intercept 0.515 0.676 0.795 0.477 0.455 0.435 0.486 0.006 0.448 0.061 0.018 -0.499 - - - - - - - - - - -0.018 -
 (0.000) (0.000) 0.000) 0.000) 0.000) 0.000) 0.000) 0.000) 0.001) 0.000) 0.000) 0.092) ( ( ( ( ( ( ( ( ( (0.000) (
M 0.564           0.020  
 (0.000)           (0.081)  
M*MV 0.138 -           0.031  
 (0.000)           (0.001)  
M2  0.218          -0.017  
  (0.000)          (0.092)  
M2*MV 0.028  -          -0.008  
  (0.272)          (0.259)  
σ    0.697         0.067 0.055 
   (0.000)         (0.010) (0.011) 
σ *MV 0.146   -         0.000 0.053 
   (0.000)         (0.364) (0.005) 
T    0.408        0.004 0.011 
    (0.000)        (0.469) (0.052) 
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T*MV 0.052    -        0.016 0.021 
    (0.000)        (0.000) (0.000) 
NC     -0.066       0.002 -0.004 
     (0.124)       (0.818) (0.585) 
NC*MV 0.049     -       0.000 0.009 
     (0.100)       (0.982) (0.073) 
C      -0.159      -0.007 -0.001 
      (0.000)      (0.120) (0.773) 
C*MV .057      0      -0.003 0.009 
      (0.000)      (0.414) (0.016) 
V       -0.014     -0.001 0.000 
       (0.000)     (0.009) (0.271) 
V*MV .004       0     0.000 0.000 
       (0.000)     (0.364) (0.701) 
PL        0.129    -0.083 -0.088 
        (0.346)    (0.000) (0.000) 
PL*MV        -0.099    0.029 0.035 
        (0.298)    (0.053) (0.019) 
Errort-1         0.988   0.990 0.967 
         (0.000)   (0.000) (0.000) 
Errort-1*MV 0.002         -   -0.059 -0.087 
         (0.405)   (0.000) (0.000) 
LEV          -0.001  0.000 0.000 
          (0.401)  (0.990) (0.665) 
LEV*MV 0.006 .001          -  0 0.000 
          (0.000) 0.021)  ( (0.505) 
Pr           -1.685  -0.082 
           (0.000)  (0.001) 
Pr*MV           0.109  -0.117 
           (0.000)  (0.000) 
R2 0.292 0.036 0.032 0.260 0.014 0.033 0.036 0.000 0.974 0.021 0.606 0.988 0.988 
 
Panel C warrant by warrant 
 M M2

 σ  T Nc R2V PL Errort-1 MV LEV Pr 
030001.SZ 0.5514 -0.0632 0.7518 0.1839  -0.0015 -0.0001 0.2368 -0.0001 0.2360 -0.0842 0.9917 
 (0.0000) (0.3925) (0.0000) (0.0000)  (0.1629) (0.9959) (0.0000) (0.0660) (0.0000) (0.4845)  

 55



030002.SZ 0.3610 -0.2090 0.2500 0.0930  0.0000 -0.0060 -0.0070 0.0000 0.0580 -1.2150 0.9900 
 (0.0004) (0.0000) (0.0190) (0.2058)  (0.5987) (0.3127) (0.8405) (0.3450) (0.0423) (0.0000)  
038001.SZ 0.3669 0.7148 0.7351 -0.0445  0.0033 -0.0124 0.0507 -0.0001 0.0255 -1.3414 0.9904 
 (0.0000) (0.0000) (0.0000) (0.2143)  (0.0009) (0.2742) (0.0716) (0.0703) (0.0000) (0.0000)  
038002.SZ 0.4129 0.4232 0.4966 0.2809  0.0006 -0 7 .008 0.2661 0.0001 -0.0001 -0.6282 0.9925 
 (0.0000) (0.0000) (0.0000) (0.0000)  (0.0098) (0.3 2) 61 (0.0000) (0.0287) (0.5178) (0.0000)  
038003.SZ -0.2509 1.9185 1.2424 0.0274  0.0008  -0.0048 0.0000 0.1290 -1.7102 0.9969 
 (0.3517) (0.0000) (0.0000) (0.4500)  (0.0376)  (0.7496) (0.7625) (0.0000) (0.0000)  
038004.SZ 0.6254 0.4861 2.2045 0.3561  0.0028 0.0044 0.0619 0.0002 0.0225 -1.8657 0.9817 
 (0.1894) (0.0298) (0.0000) (0.1545)  (0.1374) (0.8628) (0.3462) (0.2258) (0.0143) (0.0004)  
038005.SZ 0.8565 -0.1624 2.1731 0.9090  -0.0004 0.0 1 23 0.0923 0.0000 0.0116 -1.7838 0.9815 
 (0.0016) (0.8500) (0.0000) (0.0000)  (0.6491) (0.1 6) 39 (0.0138) (0.9102) (0.0000) (0.0000)  
038006.SZ 0.5376 -0.1996 4.3526 -0.1514  -0.0011  0.0746 -0.0002 0.0307 -1.6864 0.9920 
 (0.0416) (0.3537) (0.0000) (0.2499)  (0.7035)  (0.0140) (0.0051) (0.0000) (0.0000)  
580000.SH 0.8412 3.3768 0.4543 0.1766  -0.0004  0.3656 -0.0001 0.0010 -0.3180 0.9845 
 (0.0000) (0.0000) (0.0000) (0.0000)  (0.0923)  (0.0000) (0.0004) (0.8017) (0.0000)  
580001.SH 0.9457 0.3843 1.0052 0.2806 -0.0002 -0.0001  0.0507 0.0000 0.0318 -0.5843 0.9773 
 (0.0000) (0.1311) (0.0000) (0.0000) (0.9339) (0.3379)  (0.0102) (0.8738) (0.0000) (0.0000)  
580002.SH 1.0155 -1.2106 0.4863 0.1405 -0.0012 0.0003 0.0045 0.0110 0.0000 0.0720 -0.6200 0.9933 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.5757) (0.1839) (0.5477) (0.6003) (0.2370) (0.0000) (0.0000)  
580003.SH 0.7555 -0.5892 0.1728 -0.0708 -0.0014 -0.0001 -0.0011 0.0181 0.0001 0.0538 -1.1524 0.9926 
 (0.0000) (0.0000) (0.0122) (0.1897) (0.5716) (0.7151) (0.8636) (0.4454) (0.0170) (0.0000) (0.0000)  
580004.SH 1.0500 -1.2787 0.6727 0.1776 0.0000 0.0002 -0.0054 0.0658 0.0000 0.1575 -0.1110 0.9957 
 (0.0000) (0.0000) (0.0000) (0.0000) (0.9887) (0.5186) (0.3496) (0.0071) (0.2536) (0.0000) (0.0241)  
580005.SH 0.6892 -0.1717 0.0845 0.0499 -0.0002 0.0003 -0 9 .001 0.0157 0.0000 0.4971 -0.1707 0.9995 
 (0.0000) (0.0000) (0.0001) (0.0000) (0.9112) (0.3809) (0.2 0) 75 (0.0530) (0.0524) (0.0000) (0.0037)  
580006.SH 0.7256 -0.2050 0.1939 0.0856 -0 9 .000 -0.0003  -0.0026 0.0000 0.3526 -0.1470 0.9991 
 (0.0000) (0.0000) (0.0088) (0.0084) (0 2).495 (0.3729)  (0.8683) (0.0246) (0.0000) (0.0235)  
580007.SH 1.2720 -1.1506 0.5976 0.0913  -0.0002  0.0162 0.0000 0.1305 -0.3351 0.9992 
 (0.0000) (0.0000) (0.0000) (0.0000)  (0.0391)  (0.1227) (0.5551) (0.0000) (0.0000)  
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580990.SH 0.3150 -0.1158 1.1749 0.4146 -0.0023 0.0003  0.0077 0.0000 0.0189 -0.7688 0.9906 
 (0.2255) (0.6604) (0.0102) (0.0000) (0.2194) (0.3869)  (0.8279) (0.7180) (0.0000) (0.0001)  
580991.SH 3.0180 11.9782 -0.6468 0.1074 0.0007 0.0004  0.0187 0.0000 0.0556 -0.0904 0.9947 
 (0.0000) (0.0000) (0.1078) (0.0108) (0.8845) (0.3984)  (0.5842) (0.4964) (0.0000) (0.3846)  
580992.SH 0.9238 0.5668 -0.4124 -0.4558 0.0165 0.0006  0.0292 0.0002 0.0157 -0.8211 0.9917 
 (0.0032) (0.0196) (0.0939) (0.0002) (0.0340) (0.3348)  (0.5558) (0.0002) (0.0001) (0.0021)  
580993.SH 2.2160 1.4390 1.6107 0.4048 0.0054 0.0029 0.0 1 29 0.0654 0.0000 0.0198 -0.5430 0.9841 
 (0.0000) (0.0001) (0.0000) (0.0014) (0.4890) (0.2782) (0.2 0) 90 (0.2736) (0.6917) (0.0000) (0.1409)  
580994.SH 1.3032 1.2558 0.6302 0.0266 -0.0088 -0.0013  0.1504 0.0002 0.0408 -0.3531 0.9796 
 (0.0000) (0.0178) (0.0246) (0.8230) (0.1923) (0.1537)  (0.0082) (0.0452) (0.0000) (0.0733)  
580995.SH 1.1286 1.1798 1.2966 0.4979 -0 4 0.1 7 .000 -0.0003 02 0.0392 0.0001 0.0821 -1.0301 0.9905 
 (0.0007) (0.0205) (0.0000) (0.0000) (0 9) (0.0 1) .977 (0.6969) 00 (0.2984) (0.4733) (0.0001) (0.0006)  
580996.SH -2.7689 -5.6859 2.4168 0.6683  -0.0025  0.0346 0.0003 0.0313 -7.9787 0.9941 
 (0.0000) (0.0000) (0.0000) (0.0000)  (0.0030)  (0.1058) (0.0000) (0.0000) (0.0000)  
580997.SH -0.9007 -0.8553 4.1364 0.4976  -0.0005 0.0 9 12 -0.0100 0.0001 0.0202 -5.1234 0.9958 
 (0.1718) (0.0280) (0.0000) (0.0000)  (0.1208) (0.2 2) 90 (0.5974) (0.0273) (0.0000) (0.0000)  
580998.SH 0.9309 3.5793 1.1192 0.2355 0.0106 -0.0028  0.1288 0.0000 0.0188 -1.5735 0.9827 
 (0.0123) (0.0007) (0.0000) (0.0000) (0.0757) (0.0019)  (0.0001) (0.3779) (0.0094) (0.0000)  
580999.SH 0.5170 3.9134 0.4543 0.1640 0.0038 0.0010  0.0792 0.0001 0.0130 -1.3854 0.9860 
 (0.0054) (0.0000) (0.0000) (0.0000) (0.5185) (0.0030)  (0.0008) (0.0548) (0.1890) (0.0000)  
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Table 4. Average daily and cumulative excess returns surrounding warrants listing, warrant creation and 
their associated with t-statistic 
 
Panel A Average daily and cumulative excess returns surrounding warrants listing and their associated 
with t-statistic 
Day Average 

raw 
return 

t-
statistic 

Average 
excess 
return1

t-
statistic

Cumulative 
raw return 

Cumulative 
excess return 

z-
statistic2

-10 0.69% 0.969 0.652% 0.9747 0.69% 0.652% 0.9747 
-9 1.65% 2.659 2.004% 2.9209 2.34% 2.655% 2.7722 
-8 1.52% 2.466 1.369% 1.9700 3.86% 4.025% 3.4007 
-7 0.49% 1.381 0.782% 1.7974 4.35% 4.806% 3.8119 
-6 2.31% 3.441 2.289% 3.7120 6.66% 7.095% 5.0551 
-5 0.10% 0.152 0.269% 0.2922 6.76% 7.363% 4.3891 
-4 1.18% 1.824 0.718% 1.3301 7.94% 8.082% 4.5855 
-3 0.00% -0.050 -0.073% -0.2339 7.94% 8.009% 4.4757 
-2 0.66% 1.414 0.633% 0.9874 8.60% 8.642% 4.5464 
-1 0.85% 1.485 0.478% 0.8085 9.45% 9.120% 4.5814 
0 1.43% 0.963 0.984% 1.1699 10.88% 10.104% 4.6755 
1 -0.05% -0.300 -0.363% -0.7303 10.83% 9.742% 4.3932 
2 0.58% 0.932 -0.131% -0.1987 11.41% 9.611% 4.1551 
3 0.13% -0.445 -0.343% -0.6181 11.54% 9.268% 3.8963 
4 0.05% -0.315 -0.496% -1.1387 11.59% 8.772% 3.6273 
5 0.96% 1.489 0.216% 0.4706 12.55% 8.987% 3.6514 
6 0.87% 1.114 0.421% 0.7513 13.42% 9.408% 3.7271 
7 1.33% 1.811 0.730% 1.2187 14.75% 10.138% 3.9078 
8 -0.62% -0.649 -0.310% -0.7015 14.13% 9.829% 3.7348 
9 0.25% 0.141 0.110% 0.2017 14.38% 9.938% 3.6983 
10 0.55% 1.130 -0.147% -0.3720 14.93% 9.792% 3.6050 
 

-5.00%

0.00%

5.00%

10.00%

15.00%

20.00%
-10

-8 -6 -4 -2 0 2 4 6 8 10

Average raw return Average excess return
Cumulative raw return Cumulative excess return
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Panel B Average daily and cumulative excess returns surrounding warrants creation and their 
associated with t-statistic 
 
Day Average 

raw return 
t-statistic Average 

excess 
return1

t-
statistic

Cumulative 
raw return 

Cumulative 
excess 
return 

z-
statistic2

-10 0.411% 0.0555 0.025% 0.8998 0.41% 0.025% 0.1260 
-9 0.545% 0.0066 0.188% 0.3229 0.96% 0.213% 0.7747 
-8 0.288% 0.1944 -0.069% 0.7224 1.24% 0.144% 0.4287 
-7 0.486% 0.0272 0.202% 0.3334 1.73% 0.346% 0.8743 
-6 0.248% 0.2719 -0.060% 0.7657 1.98% 0.285% 0.6432 
-5 0.543% 0.0176 0.195% 0.3566 2.52% 0.480% 0.9768 
-4 0.249% 0.2856 0.021% 0.9169 2.77% 0.501% 0.9441 
-3 0.603% 0.0097 0.318% 0.1341 3.37% 0.819% 1.4332 
-2 0.322% 0.1623 -0.003% 0.9892 3.70% 0.816% 1.3447 
-1 0.294% 0.2075 -0.003% 0.9864 3.99% 0.813% 1.2754 
0 0.058% 0.8075 -0.155% 0.4394 4.05% 0.658% 0.9843 
1 0.307% 0.1928 -0.031% 0.8764 4.35% 0.627% 0.8990 
2 0.346% 0.1343 -0.092% 0.6313 4.70% 0.535% 0.7403 
3 0.233% 0.3125 -0.109% 0.5878 4.93% 0.426% 0.5685 
4 0.112% 0.6328 -0.140% 0.4562 5.05% 0.286% 0.3699 
5 -0.106% 0.6421 -0.316% 0.0901 4.94% -0.030% -0.0376 
6 -0.239% 0.2671 -0.287% 0.1263 4.70% -0.317% -0.3879 
7 -0.153% 0.5147 -0.399% 0.0360 4.55% -0.716% -0.8533 
8 -0.366% 0.1033 -0.480% 0.0058 4.18% -1.196% -1.3951 
9 -0.511% 0.0345 -0.552% 0.0038 3.67% -1.748% -1.9906 
10 -0.228% 0.3125 -0.471% 0.0100 3.44% -2.219% -2.4737 
 

-3.00%
-2.00%
-1.00%
0.00%
1.00%
2.00%
3.00%
4.00%
5.00%
6.00%

-10

-8 -6 -4 -2 0 2 4 6 8 10

Average raw return Average excess return
Cumulative raw return Cumulative excess return

 
1. The market model is used to measure the normal return, the sample abnormal return is 

tMiititi RRAR ,,,
ˆˆ βα −−= . Under the null hypothesis, conditional on the event window market returns, 

abnormal returns will be jointly normally distributed with a zero co e
the 

nditional m an and conditional variance 

ti  )(2 ARσ ,

 where ⎥
⎦

⎢
⎣

2, ˆ M
ti i σε   

⎤⎡ − 2µ̂
++= ,22 )(

1)( MtMR
AR σσ

where 2
iε

σ is the disturbance variance of estimate error from the market model. 
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2. The Z statistic is assumed to be unit normal and is given by 
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where S(AR,t) is the estimated standard deviation for day t , adjusted for using the predictive distribution of 
abnormal returns: 
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Table 5. The impact of the listing of warrants on the underlying stocks  
 
We divide 120-day period around the listing day into 100-day pre- and post-issuance periods. The pre-issuance 
(post-issuance) period starts 60 (11) days and ends 10 (60) days before (after) the listing date. The 20 days 
around the listing day are eliminated from the analysis to avoid contaminating the results with any direct effects 
of the issuances. There are total 22 underlying stocks. Among them, 16 stocks have data more than 120 
observation. N is defined as the number of trading days. If N is larger than 60, the estimation period is (-60, 60). 
If N is less than 60, the estimation period is (-N, N).  
 
Variables Pre-

issuance 
mean 

Post-
issuance 
mean 

Number of 
increases 

Paired t-test Wilcoxon signed-
rank z-statistic 

Estimated standard deviation 
Unadjusted 0.0191 0.0260 16/22 0.6228 -2.5161 
With new issued 
warrants  

0.0185 
 

0.0262 
 

9/12 0.7411 -2.0396 

Without new issued 
warrants  

0.0198 
 

0.0258 
 

7/10 0.4809 -1.4780 

Market-Adjusted1 1.8830 1.8144 10/22 -0.1036 -0.3409 
With new issued 
warrants  

1.9086 1.6853 4/12 -0.4353 -1.3336 

Without new issued 
warrants  

1.8522 
 

1.9694 
 

6/10 0.1478 -0.5606 

Daily High-low statistic 
Unadjusted2 0.000362 0.000719 17/22 0.7308 -3.1005 
With new issued 
warrants  

0.000342 0.000725 10/12 0.8885 -2.5103 

Without new issued 
warrants  

0.000387 0.000712 7/12 0.5687 -1.7838 

Market-Adjusted3 4.607956 4.495661 10/22 -0.0395 -0.4058 
With new issued 
warrants  

4.646117 3.801661 4/12 -0.5478 -1.8043 

Without new issued 
warrants  

4.562163 5.328461 6/10 0.2022 -0.8664 

Trading volumes      
Unadjusted 0.8365 1.6562 18/22 0.5027 -2.6135 
With new issued 
warrants  

0.6013 1.6780 11/12 0.6230 -2.5103 

Without new issued 
warrants  

1.1188 1.6300 7/10 0.3329 -1.1722 

Market-Adjusted4 0.0083 0.0079 10/22 -0.0739 -0.1136 
With new issued 
warrants  

0.0065 0.0069 6/12 0.1370 -0.3922 

Without new issued 
warrants  

0.0105 0.0090 4/10 -0.1910 -0.5606 

Implicit bid-ask spread  
Unadjusted5 0.0132 0.0167 11/22 0.3106 -0.9902 
With new issued 
warrants  

0.0129 0.0162 5/12 0.3319 -0.4707 

Without new issued 
warrants  

0.0137 0.0174 6/10 0.2832 -0.6625 

Market-Adjusted6 3.9483 3.6469 7/22 -0.0798 -0.6655 
With new issued 
warrants  

3.7192 2.9406 2/12 -0.2871 -1.8827 

Without new issued 
warrants  

4.2232 4.4945 5/10 0.0558 -0.3568 
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Estimated beta      
All 0.8336 0.8839 13/22 0.1665 -0.8603 
With new issued 
warrants  

0.8210 0.8513 8/12 0.1311 -0.6276 

Without new issued 
warrants  

0.8487 0.9230 5/10 0.1942 -0.5606 

 
1. Market-adjusted standard deviation, defined as the standard deviation of returns for a given stock divided by 
the standard deviation of returns on market index. 
 

2. The daily high-low statistic is measured as 
)2ln4(

)ln(ln
1

2

n

LH
n

t
tt∑

=

−
where Ht and Lt are high and low prices 

observed on day t and n is the number of observations.  
3. Market-adjusted high-low statistic, defined as the high-low statistic for a given stock divided by the high-low 
statistics on market index. 
4. Market-adjusted trading volume, defined as the ratio of the average daily trading volume on a given stock to 
the average daily trading volume for market index. 
5. The implicit bid-ask spread is calculated using the formula in Roll (1984). Specifically, the spread is 
calculated as: ),((2 rrCov−= , where 1 tts − rt is the return on day t. 
6. Market-adjusted implicit spread, defined as the ratio of the average daily percentage spread for a given stock 

 the average daily percentage spread on market index. 

** significant at the 1 percent level
 

to
 
*significant at the 10 percent level. 
** significant at the 5 percent level 

 *
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Table 6 Sample cross-correlation coefficients between intraday warrants returns and 
underlying stock returns 
 
Panel A Cross-correlation of returns 
 -5 -4 -3 -2 -1 0 1 2 3 4 5 
030001.SZ -0.031 -0.019 0.050 -0.012 0.009 0.403 0.061 -0.041 0.027 0.026 -

0.005
030002.SZ -0.032 -0.020 0.046 -0.039 -0.044 0.599 0.144 -0.076 0.007 0.029 0.001
038001.SZ -0.036 -0.001 0.025 -0.052 0.007 -0.008 -0.028 -0.014 0.018 0.005 -

0.008
038002.SZ 0.006 0.014 0.001 0.000 -0.003 -0.086 -0.064 -0.009 0.000 0.007 0.010
038003.SZ 0.011 0.012 -0.008 -0.013 0.018 -0.087 -0.076 0.002 -0.001 0.002 0.007

-0.007 0.019 0.020 -0.006 0.003 0.135 -0.007 -0.027 -0.015 0.026 038004.SZ 0.005
038005.SZ 0.008 -0.008 0.000 -0.015 0.016 -0.022 -0.033 -0.019 -0.005 0.008 0.013
038006.SZ 0.001 -0.004 -0.009 0.000 0.030 -0.040 -0.033 -0.007 -0.010 0.000 0.022
580000.SH 0.025 0.001 -0.004 0.012 0.023 0.010 -0.001 -0.013 0.007 0.001 -

0.031
580001.SH -0.021 -0.017 0.041 0.008 -0.003 0.156 0.127 -0.024 -0.017 0.023 0.015
580002.SH -0.044 -0.025 0.051 0.019 -0.015 0.271 0.197 -0.047 0.005 0.021 0.002
580003.SH -0.015 -0.051 0.050 0.026 -0.026 0.377 0.141 -0.036 0.016 -0.005 0.035
580004.SH -0.015 -0.017 0.043 0.002 -0.020 0.301 0.192 -0.068 -0.012 0.025 0.011
580005.SH -0.003 -0.007 0.005 0.005 -0.002 0.003 0.020 -0.002 -0.004 0.002 0.003
580006.SH -0.041 -0.027 0.054 0.002 -0.009 0.321 0.138 -0.046 0.001 0.010 0.012
580007.SH -0.048 -0.025 0.055 0.005 0.003 0.252 0.161 -0.033 -0.006 0.002 0.007
580990.SH -0.035 -0.025 0.048 -0.001 -0.003 0.183 0.123 -0.023 -0.020 -0.004 0.002
580991.SH -0.044 -0.021 0.044 -0.002 0.016 0.182 0.131 -0.029 0.000 0.008 -

0.002
580992.SH -0.040 -0.015 0.030 0.008 0.030 0.129 0.089 -0.025 -0.010 -0.001 0.002
580993.SH -0.028 0.006 0.042 -0.030 0.014 0.159 0.114 -0.031 0.012 0.014 0.001
580994.SH -0.025 -0.001 0.037 -0.005 -0.003 0.141 0.092 -0.034 0.002 0.007 -

0.003
580995.SH -0.012 -0.004 0.026 -0.014 0.007 0.120 0.085 -0.017 -0.004 0.004 -

0.005
580996.SH -0.019 -0.006 0.026 0.002 -0.015 0.111 0.099 -0.023 -0.007 0.018 0.020
580997.SH -0.010 -0.021 0.041 -0.004 -0.004 0.108 0.084 -0.043 -0.005 -0.001 0.005
580998.SH -0.014 0.002 -0.034 0.026 0.009 -0.026 0.000 -0.014 0.023 0.004 -

0.010
580999.SH 0.005 0.010 0.023 0.002 0.011 0.001 -0.012 -0.027 0.008 0.021 -

0.021
Average -0.018 -0.010 0.027 -0.003 0.002 0.142 0.067 -0.028 0.000 0.010 0.003
Maximum 0.025 0.019 0.055 0.026 0.03 0.599 0.197 0.002 0.027 0.029 0.035
Minimum -0.048 -0.051 -0.034 -0.052 -0.044 -0.087 -0.076 -0.076 -0.02 -0.005 -

0.031
Call 
warrants 

-0.023  -0.021  0.039  0.003 -0.008 0.269 0.118 -0.039 0.002  0.013  0.005 

Put 
warrants 

-0.015  -0.003  0.020  -0.007 0.008 0.063 0.035 -0.021 -0.001  0.007  0.002 

 
Panel B Cross-correlation of squared returns 
 -5 -4 -3 -2 -1 0 1 2 3 4 5 
030001.SZ 0.012 0.021 0.021 0.011 0.075 0.585 0.038 0.029 0.022 0.015 0.015
030002.SZ 0.018 0.012 0.042 0.045 0.093 0.686 0.105 0.065 0.051 0.040 0.028
038001.SZ 0.025 0.002 0.001 0.068 0.004 0.026 0.002 0.001 0.002 0.001 -

0.001
038002.SZ 0.012 0.001 0.013 0.010 0.021 0.200 0.061 0.036 0.033 0.024 0.016
038003.SZ 0.016 0.004 0.016 0.012 0.022 0.230 0.070 0.048 0.041 0.030 0.026
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038004.SZ 0.032 0.039 0.046 0.065 0.113 0.485 0.091 0.087 0.072 0.076 0.025
038005.SZ 0.007 0.002 0.009 -0.001 0.013 0.123 0.047 0.024 0.023 0.013 0.015
038006.SZ 0.013 0.006 0.018 0.005 0.026 0.139 0.051 0.030 0.033 0.013 0.015
580000.SH 0.001 0.002 0.003 0.005 0.041 0.068 0.050 0.045 0.012 0.004 0.004
580001.SH 0.006 0.009 0.005 0.002 0.004 0.026 0.039 0.025 0.004 0.015 0.006
580002.SH 0.010 0.013 0.007 0.010 0.013 0.070 0.069 0.042 0.018 0.024 0.012
580003.SH 0.017 0.021 0.016 0.010 0.029 0.218 0.075 0.047 0.025 0.058 0.039
580004.SH 0.009 0.015 0.009 0.007 0.020 0.054 0.051 0.031 0.013 0.017 0.009
580005.SH -0.002 -0.001 -0.002 -0.001 -0.002 0.008 -0.002 -0.002 -0.002 -0.001 -

0.002
580006.SH 0.006 0.007 0.003 0.001 0.007 0.119 0.047 0.021 0.002 0.013 0.004
580007.SH 0.006 0.008 0.005 0.002 0.005 0.030 0.041 0.025 0.005 0.015 0.006
580990.SH 0.007 0.011 0.006 0.005 0.007 0.033 0.044 0.025 0.006 0.015 0.006
580991.SH 0.006 0.007 0.004 0.002 0.005 0.029 0.040 0.025 0.005 0.014 0.006
580992.SH 0.007 0.007 0.005 0.004 0.043 0.049 0.038 0.020 0.004 0.017 0.004
580993.SH 0.003 0.001 0.005 0.033 0.002 0.016 0.005 0.004 0.004 0.002 0.000
580994.SH 0.007 0.009 0.006 0.003 0.005 0.035 0.041 0.026 0.007 0.016 0.009
580995.SH 0.010 0.008 0.004 0.002 0.005 0.039 0.053 0.037 0.007 0.019 0.008
580996.SH 0.005 0.009 0.005 0.001 0.003 0.029 0.039 0.024 0.003 0.015 0.006
580997.SH 0.005 0.007 0.004 0.001 0.004 0.030 0.041 0.027 0.003 0.016 0.007
580998.SH 0.033 0.013 0.022 0.030 0.030 0.119 0.083 0.074 0.074 0.022 0.035
580999.SH 0.004 0.009 0.010 0.001 0.011 0.039 0.018 0.007 0.002 0.011 0.004
Average 0.011 0.009 0.011 0.013 0.023 0.134 0.048 0.032 0.018 0.019 0.012
 
Cross-correlation coefficients are computed from one-minute intraday returns beginning with the 9:05 price 
quote and end with the 3:00 pm price quote in both markets each day. These coefficients are averaged over the 
number of days. 
 



Table 7 estimates from bivariate generalized autoregressive conditional heteroskedastic models (GARCH) of intraday returns on warrants and underlying stock 
returns 
 
The following bivariate GARCH model of stock returns and warrant returns are estimated. 
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where rst = returns on stock market, rwt = returns on warrants market, stv = turnover of stock market and =wtv turnover of warrant market. tD is 
the overnight dummy variable set to unity for overnight returns, and zero for intraday returns. 
The conditional covariance matrix is  
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The coefficients swb an sw capture the one-period-lagged return and trading volume spillover effects from the warrant market to the stock 
market. Similarly, the coefficients ws and wsd capture the one-period-lagged return and trading volume spillover effects from the stock market to 
the warrant market.  

d d
b

 
 

sa  ssb  swb  sc  ssd  swd  sχ  ssα  swα  ssβ  wsβ  
 

wa  wsb  wwb  wc  wsd  wwd  wχ  wsα  wwα  wsβ  wwβ  
030001.SZ 0.0142 0.0000 

(0.1097) 
-0.0916 

(-6.9722)* 
0.0476 

(7.408)* 
-0.0006 
(-1.518) 

0.3236 
(1.578) 

-0.0016 
(-0.456) 

0.0000 
(3.333)* (0.960) 

0.0103 
(1.650) 

0.0297 
(4.819)* 

0.000 
(0.026) 

 -0.0004 
(-2.074)** 

0.0181 
(0.671) 

-0.0183 
(-1.393) 

0.0085 
(11.175)* 

0.3047 
(0.725) 

0.0092 
(1.288) 

0.000 
(5.775)* 

0.0232 
(0.660) 

0.0993 
(6.715)* 

0.0504 
(3.449) 

0.0009 
(3.843)* 

030002.SZ 0.0000 
(0.245) 

-0.2362 
(-16.059)* 

0.1577 
(19.374)* 

-0.0002 
(-0.399) 

0.1298 
(1.127) 

-0.0011 
(-0.191) 

0.0000 
(3.985)* 

0.1589 
(9.603)* 

-0.0098 
(-1.825) 

0.0407 
(10.814)* 

-0.0002 
(-1.358) 

 -0.0003 
(-1.641) 

-0.1091 
(-4.041)* 

0.0091 
(0.612) 

0.0113 
(-1.641) 

0.5145 
(2.435)** 

0.0074 
(0.682) 

0.0000 
(4.956)* 

0.2281 
(4.511)* 

-0.0176 
(-1.066) 

0.0788 
(6.857)* 

0.0014 
(2.451)** 

038001.SZ 0.0000 
(0.487) 

0.0075 
(0.626) 

-0.0229 
(-2.272)** 

-0.0031 
(-5.144)* 

-0.0009 
(-0.127) 

0.0400 
(0.290) 

0.0000 
(0.873) 

0.0030 
(0.248) 

0.0146 
(0.136) 

0.0728 
(1.449) 

-0.0021 
(-0.489) 

 -0.0002 
(-1.903) 

0.0055 
(0.386) 

-0.0345 
(-2.855)* 

0.0063 
(8.619)* 

0.1262 
(0.685) 

0.0002 
(0.0253) 

0.0000 
(3.780)* 

-0.0002 
(-0.142) 

0.1531 
(12.471)* 

0.0305 
(5.320)* 

0.0030 
(10.662)* 

038002.SZ  0.  -0.0001 -0.0068 -0.0338 -0.0021 0.7026 0.0022 0.0000 0.1832 0004 0.0207 -0.0000 
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(-1.779) (-0.561) (-5.8333)* (-5.587)* (4.253)* (0.467) (1.882) (6.144)* (14.606)* (6.952)* (-0.882) 
 -0.0005 

(-3.311)* 
-0.0205 
(-0.817) 

-0.0289 
2.405)**(-  

0.0175 0.0090 
(11.477)* 

-0.0276 
(-0.080) (1.757) 

0.0000 
(1.477) 

-0.0544 
(-0.886) 

0.0934 
(0.000) 

0.0277 
(1.896) 

0.0005 
(13.100) 

038003.SZ -0.002 
(-3.204)* 

-0.0573 
(-4.744)* 

-0.0414 
(-7.176)* 

-0.0017 
(-4.695)* 

0.4624 
(6.2730)* 

-0.0006 
(-0.122) 

0.000 
0.673)*(  

0.1777 
(14.351)* 

0.0052 
(1.923) 

0.0127 
(9.364)* 

0.0001 
(1.471) 

 -0.0007 
(-4.194)* 

0.0219 
(0.869) 

-0.0053 
(-0.446) 

0.0095 
(12.200)* 

0.3733 
(2.431)** 

0.0109 
(1.070) 

-0.0000 
(2.665)* 

-0.0281 
(-0.489) 

0.0786 
(6.198)* 

-0.0089 
(-1.415) 

0.0060 
(14.021)* 

038004.SZ -0.0001 
(-1.009) 

-0.0634 
(-5.176)* 

-0.0016 
(-0.284) 

-0.0012 
(-2.267)** 

0.2676 
2.323)*( * 

0.0033 
(0.7001) 

0.0000 
(2.540)**

0.1711 
(12.322)* 

-0.0004 
(-1.191) 

0.0315 
(8.464)* 

0.0001 
(0.979) 

 -0.0011 
(-5.131)* 

-0.0068 
(-0.270) 

-0.0168 
(-1.383) 

0.0124 
(11.398)* 

0.5128 
(2.169)** 

0.0288 
(2.964)* 

0.0000 
(2.554)**

0.2576 
(5.331)* 

0.0194 
(1.386) 

0.0570 
(4.411)* 

0.0051 
(9.786)* 

038005.SZ -0.0002 
(-3.061)* 

-0.0454 
(-3.759)* 

-0.0155 
(-3.075)* 

-0.0017 
(-4.335)* 

0.5673 
4.804)*(  

0.0040 
(1.032) 

0.0000 
(4.231)* 

0.1033 
(8.405)* 

0.0068 
(2.660)* 

0.0214 
(7.536)* 

-0.0000 
(-0.328) 

 
(  

-0.0007 
(-3.331)* 

0.0267 
(0.932) 

-0.0050 
(-0.419) 

0.0119 
(12.155)* 

0.0066 
(0.023) 

0.0192 
(2.044)** 

0.0000 
3.783)*

-0.0138 
(-0.230) 

0.0887 
(7.092)* 

0.0110 
(0.792) 

0.0054 
(11.457)* 

038006.SZ -0.0002 
(-2.223)** 

-0.0497 
(-4.122)* 

-0.0172 
(-3.240)* 

-0.0014 
(-3.574)* 

0.4807 
(3.597)* 

0.0022 
(0.513) 

0.0000 
(4.886)* 

0.1168 
(9.561)* 

0.0088 
2.614)*(  

0.0191 
(5.799)* 

0.0000 
(0.463) 

 -0.0007 
(-3.500)* 

0.0649 
(2.377)** 

0.0101 
(0.842) 

0.0083 
9.125)*(  ( * 

0.0113 
(0.037) 

0.0213 
(2.165)** 

0.0001 
(5.481)* 

0.0494 
(1.091) 

0.0588 
(4.697)* 

-0.0126 
(-1.034) 

0.0061 
14.907)

580000.SH -0.0000 
(-0.914) 

-0.1685 
(-14.044)* 

0.0003 
(0.148) 

-0.0006 
(-3.274)* 

0.144 
(1.723) 

0.0001 
0.1910)(  

0.0000 
(12.642)*

0.0774 
(6.126)* 

0.0006 
(3.186)* 

0.0046 
(8.247)* 

0.0000 
(2.333)** 

 -0.0006 
(-2.995)* 

0.0840 
(1.485) 

-0.0477 
(-3.957)* 

0.0079 
(8.389)* 

0.1989 
(0.502) 

0.0111 
(2.997)* 

0.0000 
(0.031) 

0.3092 
(0.442) 

0.5529 
(53.833)* 

-0.0269 
(-0.864) 

0.0018 
(6.372)* 

580001.SH 0.0000 
(0.026) 

-0.1504 
(-12.467)* 

0.0557 
(12.538)* 

-0.0002 
(0.463) 

0.1119 
(1.064) 

-0.0007 
(-0.705) 

0.000 
(1.408) 

0.0205 
(1.698) 

0.0053 
(2.606)* 

0.021 
(4.861)* 

0.0000 
(1.643) 

 -0.005 
(-3.271)* 

-0.0231 
(-0.707) 

-0.0113 
(-0.941) 

0.0095 
(11.062)* 

0.1387 
(0.487) 

0.0060 
(2.059)** 

-0.0000 
(-1.454) 

-0.0149 
(-0.213) 

0.0166 
(1.406) 

0.0321 
(1.270) 

0.0026 
(9.933)* 

580002.SH -0.0000 
(-0.219) 

-0.1458 
(-11.950)* 

0.0956 
(19.373)* 

-0.0007 
(-1.720) 

0.1519 
(2.084)** 

-0.0014 
(-0.979) 

0.0000 
(1.182) 

0.0558 
(4.603)* 

0.0095 
(4.393)* 

0.0245 
(9.631)* 

0.0001 
(1.683) 

 -0.0007 
(-3.262)* 

-0.0597 
(-1.935)* 

0.0003 
(0.031) 

0.0122 
(11.544)* 

0.8423 
(4.571)* 

0.0032 
(0.854) 

0.0000 
(0.550) 

-0.0209 
(-0.308) 

0.0227 
(1.875) 

0.059 
(4.151)* 

0.0028 
(9.647)* 

580003.SH 0.0000 
(0.192) 

-0.1838 
(-14.387)* 

0.092 
(16.557)* 

-0.0009 
2.161)**(-  

0.044 
(0.543) 

-0.0007 
(-0.478) 

0.0000 
(1.311) 

0.0712 
(5.771)* 

0.0095 
(3.878)* 

0.0351 
(11.223)* 

0.0000 
(0.902) 

 -0.0004 
(-1.955) 

-0.0794 
(-2.671)* 

0.0095 
(0.734) 

0.0124 
(11.938)* 

0.245 
(1.300) 

0.0047 
(1.298) 

0.0000 
(1.774) 

0.0621 
(0.996) 

0.0250 
(2.023)** 

0.0645 
(4.088)* 

0.0026 
(8.845)* 

580004.SH -0.0000 
(-0.556) 

-0.1424 
(-11.538)* 

0.0881 
(19.177)* 

-0.0016 
(-4.114)* 

0.3006 
(2.847)* 

-0.0017 
(-1.595) 

0.0000 
(1.345) 

0.0208 
(1.715) 

0.0062 
(3.052)* 

0.0293 
(7.746)* 

0.0001 
(1.396) 

 66



 -0.007 
(-3.351)* 

-0.0553 
(-1.635) 

-0.0299 
(-2.375)** 

0.0102 
(9.597)* 

1.122 
(3.874)* 

0.0009 
(0.318) 

0.000 
(1.190) 

0.0178 
(0.2502) 

0.312 
(2.5811)* 

0.0958 
(4.292)* 

0.0016 
(7.445)* 

580005.SH 0.0009 
(1.233) 

-0.0001 
(-0.006) 

0.0928 
(1.734) 

-0.0032 
(-0.731) 

-0.5873 
(-0.323) 

-0.0073 
(-0.456) 

0.0040 
(1.206) 

-0.0002 
(-0.016) 

-0.209 
(-0.075) 

-2.438 
(-0.321) 

-0.0261 
(-0.388) 

 -0.0004 
(-2.243)** 

-0.0004 
(-0.153) 

-0.0491 
(-4.099)* 

0.0119 
12.001)*(  

0.6099 
(1.501) 

0.0030 
(0.861) 

0.0000 
(4.409)* 

-0.0000 
(-0.109) 

0.0225 
(1.849) 

-0.0243 
(-0.736) 

0.0025 
(8.822)* 

580006.SH -0.0001 
(-0.827) 

-0.1382 
(-10.980)* 

0.0773 
(14.496)* 

-0.0001 
(-0.290) 

0.1338 
(1.067) 

-0.0007 
(-0.537) 

-0.0000 
(-0.394) 

0.0420 
(3.427)* 

0.0063 
(2.590)* 

0.0537 
(10.237)* 

-0.0000 
(-0.076) 

 -0.0005 
(-2.809)* 

-0.0144 
(-0.483) 

-0.0286 
(-2.253)** 

0.0088 
(2.727)* 

0.524 
(1.756) 

0.0031 
(0.968) 

0.0000 
(0.533) 

-0.0204 
(-0.337) 

0.0088 
(0.729) 

0.0365 
(1.406) 

0.0027 
(10.006)* 

580007.SH -0.0000 
(-0.835) 

-0.1272 
(-10.360)* 

0.069 
(15.790)* 

-0.0010 
(-3.236)* 

0.0998 
(0.836) 

-0.0005 
(-0.498) 

-0.0000 
(-0.227) 

0.0174 
(1.435) 

0.0055 
(2.619)* 

0.0309 
(6.064)* 

0.0001 
(2.808)* 

 -0.0004 
(-2.909)* 

0.0141 
(0.409) 

-0.0346 
(-2.782)* 

0.0078 
(8.931)* 

0.6561 
(1.950)* 

0.0042 
(1.388) 

0.0000 
(1.609) 

-0.0189 
(-0.274) 

0.011 
(0.888) 

0.019 
(0.667) 

0.0027 
(10.371) 

580990.SH -0.0000 
(-0.497) 

-0.819 
(-6.733)* 

0.0511 
(11.476)* 

-0.0017 
(-5.029)* 

0.1075 
(0.788) 

-0.0005 
(-0.463) 

0.0000 
(0.384) 

0.0192 
(1.591) 

0.0061 
(2.994)* 

0.0363 
(6.826)* 

0.0000 
(1.765) 

 -0.005 
(-3.140)* 

-0.011 
(-0.355) 

-0.0228 
(-1.874)** 

0.0089 
(9.530)* 

0.5552 
(1.489) 

0.0034 
(1.030) 

0.0000 
(1.864) 

0.0021 
(0.029) 

0.0159 
(1.328) 

0.0098 
(0.319) 

0.0027 
(10.012)* 

580991.SH -0.000 
(-0.680) 

-0.1168 
(-9.604)* 

0.0539 
(12.579)* 

-0.0004 
(-1.267) 

0.1491 
(1.154) 

-0.0005 
(-0.441) 

0.0000 
(0.365) 

0.0174 
(1.445) 

0.0050 
(2.672)* 

0.0340 
(6.502)* 

0.0000 
2.001)*( * 

 -0.0005 
(-3.006)* 

0.0289 
(0.837) 

-0.0194 
(-1.596) 

0.0092 
(9.918)* 

0.6219 
(1.690) 

0.0039 
(1.209) 

0.0000 
(2.341)**

-0.0103 
(-0.147) 

0.0159 
(1.321) 

0.0072 
(0.252) 

0.0027 
(10.123)* 

580992.SH -0.0000 
(-1.103) 

-0.0932 
(-7.670)* 

0.0413 
(8.347)* 

-0.0001 
(-0.342) 

0.1647 
(1.334) 

-0.0003 
(-0.253) 

-0.0000 
(-0.566) 

0.0444 
(3.639)* 

0.0054 
(2.245)** 

0.0534 
(10.429)* 

0.0001 
(0.318) 

 -0.0006 
(-3.376)* 

0.0679 
(2.293)** 

-0.0263 
(-2.183)** 

0.0095 
(10.207)* 

0.4907 
(1.630) 

0.0054 
(1.703) 

0.0000 
(1.174) 

0.1695 
(2.836)* 

0.0126 
(1.056) 

0.0461 
(1.841) 

0.0026 
(10.072)* 

580993.SH -0.0000 
(-0.124) 

-0.0291 
2.391)**(-  

0.0637 
(9.762)* 

-0.0022 
(-3.933)* 

0.0481 
(0.221) 

0.0001 
(0.029) 

0.0000 
(1.273) 

0.0021 
(0.181) 

0.0050 
(0.340) 

0.0309 
(0.6648) 

0.0000 
(0.1344) 

 -0.0001 
(-3.061)* 

0.0305 
(1.342) 

-0.0477 
(-3.906)* 

0.0097 
(8.946)* 

0.773 
(1.901)* 

0.0053 
(1.441) 

0.0000 
(2.642)* 

-0.0001 
(-0.012) 

0.1276 
(10.621)* 

-0.011 
(-0.310) 

0.0025 
(7.399)* 

580994.SH -0.0000 
(-0.747) 

-0.0989 
(-8.126)* 

0.0380 
(8.791)* 

-0.0003 
(-0.995) 

0.2731 
(2.206)** 

-0.0011 
(-0.887) 

0.0000 
(0.543) 

0.0221 
(1.828) 

0.0054 
(2.706)* 

0.0379 
(8.471)* 

0.0001 
(1.275) 

 -0.006 
(-2.805)* 

-0.0211 
(-0.356) 

-0.0272 
(-2.236)** 

0.0105 
(9.917)* 

0.5571 
(1.599) 

0.0034 
(0.907) 

0.0000 
(2.283)**

-0.0203 
(-0.281) 

0.0235 
(1.944) 

0.0399 
(1.498) 

0.0029 
10.138)( * 

580995.SH -0.0001 
(-0.623) 

-0.0941 
(-7.775)* 

0.0419 
(7.963)* 

-0.0006 
(-1.502) 

0.2089 
(2.846)* 

-0.0012 
(-0.847) 

0.0000 
(1.089) 

0.0575 
(4.745)* 

0.0079 
(3.563)* 

0.0254 
(10.144)* 

0.000 
(1.915) 

 -0.0004 0.0098 -0.0239 0.0088 0.3251 0.0049 0.0000 -0.0215 0.0186 0.0267 0.0030 
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(-2.321)** (0.347) (-1.967)** (8.791)* (1.896)** (1.447) (0.619) (-0.325) (1.543) (1.953) (11.265)* 
580996.SH 0.0000 

(0.102) 
-0.0691 

(-5.684)* 
0.0421 

(8.894)* 
-0.0004 
(-1.337) 

0.1450 
(1.342) 

-0.0012 
(-1.060) 

0.0000 
(0.401) 

0.0181 
(1.500) 

0.0053 
(2.565)** 

0.0237 
(5.648)* 

0.0001 
(3.296)* 

 -0.0006 
(-3.780)* 

-0.0463 
(-1.494) 

-0.0299 
(-2.484)** 

0.0104 
(11.997)* 

0.5898 
(2.144)* 

0.0075 
(2.497)** 

0.0000 
(1.452) 

-0.0211 
(-0.302) 

0.0126 
(1.046) 

-0.0110 
(-0.455) 

0.0031 
(11.781)* 

580997.SH -0.0000 
(-0.254) 

-0.0463 
(-3.801)* 

0.0333 
(7.352)* 

0.0005 
(1.537) 

0.1385 
(1.145) 

-0.0007 
(-0.634) 

0.0000 
(0.0596) 

0.0175 
(1.449) 

0.0057 
(2.740)* 

0.0273 
(5.773)* 

0.0001 
(2.983)* 

 -0.0005 
(-3.105)* 

-0.0238 
(-0.735) 

-0.0218 
(-1.814)** 

0.0112 
(12.357)* 

0.721 
(2.240)** 

0.0044 
(1.392) 

0.0000 
(1.560) 

-0.0194 
(-0.279) 

0.0201 
(1.709) 

-0.0000 
(-0.002) 

0.0031 
(11.264)* 

580998.SH 0.0000 
(0.132) 

-0.0975 
(-8.072)* 

-0.0007 
(-0.0185) 

-0.0004 
(-1.651) 

0.0139 
(0.158) 

0.0003 
(0.244) 

0.0000 
(12.705)*

0.1242 
(9.691)* 

0.0056 
(5.171)* 

0.0043 
(5.829)* 

-0.0000 
(-0.075) 

 -0.0005 
(-3.375)* 

0.0103 
(0.285) 

-0.301 
(-2.480)** 

0.0049 
(6.621)* 

0.4151 
(1.573) 

0.0110 
(2.536)** 

0.0000 
(4.262)* 

-0.2481 
(-1.765) 

0.2259 
(18.914)* 

0.0341 
(4.181)* 

0.0014 
(11.245)* 

580999.SH  0.0000 
(0.213) 

-0.1272 
(-10.559)* 

-0.0043 
(-0.904) 

-0.0002 
(0.213) 

0.136 
(1.345) 

-0.0027 
(-1.640) 

0.0000 
(1.572) 

0.0210 
(1.738) 

0.0022 
(1.158) 

0.0234 
(5.623)* 

0.0000 
(1.067) 

 -0.0004 
(-2.727)* 

0.0119 
(0.399) 

-0.0379 
(-3.145)* 

0.0056 
(7.044)* 

0.5068 
(2.012)** 

0.0005 
(0.134) 

0.0000 
(1.073) 

0.0436 
(0.587) 

0.0300 
(2.482)** 

0.0848 
(3.308)* 

0.0017 
(4.176)* 
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Table 8 Granger-causality tests 
 
 Stock     Warrant    
 Stock return Warrant return Stock volume Warrant 

volume 
 Stock return Warrant 

return 
Stock volume Warrant 

volume 
030001.SZ 48.6125 54.8908 2.4909 0.2087  0.4508 1.9408 0.5264 1.6601 
 (0.000) (0.000) (0.114) (0.647)  (0.502) (0.164) (0.468) (0.197) 
030002.SZ 257.8947 375.3885 1.2724 0.0368  16.3332 0.3753 5.9303 0.4654 
 (0.000) (0.000) (0.259) (0.847)  (0.000) (0.540) (0.014) (0.495) 
038001.SZ 0.4062 5.2306 0.0684 0.0163  0.1490 8.1554 0.4693 0.0007 
 (0.523) (0.022) (0.793) (0.898)  (0.699) (0.0043) (0.493) (0.979) 
038002.SZ 0.3149 34.0276 18.0964 0.2183  0.6679 5.7873 0.0065 3.0887 
 (0.574) (0.000) (0.000) (0.640)  (0.413) (0.0161) (0.935) (0.0788) 
038003.SZ 22.5135 51.5031 39.3509 0.0151  0.7569 0.1995 5.9106 1.1469 
 (0.000) (0.000) (0.000) (0.902)  (0.384) (0.655) (0.015) (0.284) 
038004.SZ 26.7948 0.0808 5.4000 0.4901  0.0733 1.9147 4.7056 8.7870 
 (0.000) (0.776) (0.020) (0.483)  (0.786) (0.166) (0.030) (0.003) 
038005.SZ 14.1347 9.4559 23.0866 1.0677  0.8701 0.1758 0.0006 4.1780 
 (0.000) (0.002) (0.000) (0.301)  (0.351) (0.674) (0.981) (0.041) 
038006.SZ 16.9942 10.4990 12.9419 0.2639  5.6544 0.7097 0.0014 4.6892 
 (0.000) (0.001) (0.000) (0.607)  (0.017) (0.399) (0.969) (0.030) 
580000.SH 197.2491 0.0220 2.9695 0.0365  2.2058 15.6648 0.2522 8.9841 
 (0.000) (0.882) (0.084) (0.848)  (0.137) (0.000) (0.615) (0.003) 
580001.SH 155.4389 157.2023 4.2426 1.1326 0.4975  0.5008 0.8867 0.2369 
 (0.000) (0.000) (0.287) (0.480)  (0.479) (0.346) (0.626) (0.039) 
580002.SH 142.8067 375.3199 4.3439 0.9599  3.7466 0.0010 20.8919 0.7295 
 (0.000) (0.000) (0.031) (0.327)  (0.053) (0.974) (0.000) (0.393) 
580003.SH 207.0133 274.1591 0.2953 0.2286  7.1376 0.5399 1.6917 1.6871 
 (0.000) (0.000) (0.586) (0.632)  (0.007) (0.462) (0.193) (0.194) 
580004.SH 133.1261 367.7580 8.1083 2.5451  2.   6736 5.6448 15.0145 0.1011 
 (0.000) (0.000) (0.004) (0.111)  (0.102) (0.017) (0.000) (0.750) 
580005.SH 0.0000 3.0098 0.1048 0.2087  0.0237 16.8086 2.2533 0.7419 
 (0.995) (0.082) (0.746) (0.647)  (0.877) (0.000) (0.133) (0.389) 
580006.SH 120.5645 210.1612 1.1406 0.2885  0.2335 5.0757 3.0846 0.9380 
 (0.000) (0.000) (0.285) (0.591)  (0.628) (0.024) (0.079) (0.332) 
580007.SH 107.3409 249.3432 0.6993 0.2482  0.1680 7.7445 3.8035 1.9286 
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 (0.000) (0.000) (0.403) (0.618)  (0.681) (0.005) (0.051) (0.164) 
580990.SH 45.3399 131.7013 0.6224 0.2144  0.1264 3.5133 2.2196 1.0629 
 (0.000) (0 ) .000 (0.430) (0.643)  (0.722) (0.060) (0.136) (0.302) 
580991.SH 92.2464 158.2485 1.3318 0.1950  0.7011 2.5476 2.8578 1.4620 
 (0.000) (0.000) (0.248) (0 ) .658  (0.402) (0.110) (0.090) (0.226) 
580992.SH 58.8358 69.6858 1.7804 0.0641  5.2607 4.7652 2.6586 2.8999 
 (0.000) (0.000) (0.182) (0.800)  (0.021) (0.029) (0.103) (0.088) 
580993.SH 5.7199 95.3061 0.0491 0.0008  1.8018 15.2605 3.6159 2.0774 
 (0.016) (0.000) (0.824) (0.976)  (0.179) (0.000) (0.057) (0.149) 
580994.SH 66.0373 77.2907 4.8669 0.7875  0.1265 5.0010 2.5592 0.8239 
 (0.000) (0.000) (0.027) (0.374)  (0.722) (0.025) (0.109) (0.364) 
580995.SH 60.4568 63.4107 8.0995 0.7188  0.1205 3.8708 3.5980 2.0958 
 (0.000) (0.000) (0.004) (0.396)  (0.728) (0.049) (0.057) (0.147) 
580996.SH 32.3177 79.1043 1.8013 1.1241  2.2344 6.1741 4.5973 6.2396 
 (0.000) (0.000) (0.179) (0.289)  (0.135) (0.012) (0.032) (0.012) 
580997.SH 14.4473 54.0569 1.3115 0.4019  0.5406 3.2928 5.0189 1.9393 
 (0.000) (0.000) (0.252) (0.562)  (0.4622) (0.0696) (0.0251) (0.1637) 
580998.SH 65.1706 0.0345 0.0250 0.0598  0.0814 6.1508 2.4771 6.4345 
 (0.000) (0.852) (0.874) (0.806)  (0.775) (0.013) (0.115) (0.012) 
580999.SH  111.5032 0.8175 1.8100 2.6916  0.1595 9.8926 4.0489 0.0180 
 (0.000) (0.365) (0.178) (0.101)  (0.689) (0.001) (0.044) (0.893) 
 Stock return Warrant return Stock volume Warrant 

volume 
 Stock return Warrant 

return 
Stock volume Warrant 

volume 
Stock return 23 19 9 0 Warrant 

return 
4 14 8 7 
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Table 9 Decomposition of forecast error variance for warrants returns and stock returns 
 
  Stock     Warrant    
 step Stock return Warrant 

return 
Stock 

volume 
Warrant 
volume 

step Stock return Warrant 
return 

Stock 
volume 

Warrant 
volume 

030001.SZ 1 100.000 0.000 0.000 0.000 1 17.028 82.972 0.000 0.000 
 5 99.178 0.788 0.032 0.001 5 17.021 82.946 0.014 0.021 
030002.SZ 1 10.000 0.0000 0.000 0.000 1 38.412 61.588 0.000 0.000 
 5 94.836 5.138 0.026 0.000 5 38.521 61.381 0.093 0.005 
038001.SZ 1 100.000 0.000 0.000 0.000 1 0.001 99.99 0.000 0.000 
 5 99.921 0.078 0.001 0.000 5 0.004 99.989 0.007 0.000 
038002.SZ 1 100.000 0.000 0.000 0.000 1 0.686 99.314 0.000 0.000 
 5 99.258 0.478 0.260 0.003 5 0.692 99.275 0.000 0.034 
038003.SZ 1 100.000 0.000 0.000 0.000 1 0.734 99.266 0.000 0.000 
 5 98.785 0.752 0.462 0.001 5 0.746 99.150 0.091 0.013 
038004.SZ 1 100.000 0.000 0.000 0.000 1 1.975 98.025 0.000 0.000 
 5 99.905 0.002 0.086 0.008 5 1.973 97.794 0.123 0.109 
038005.SZ 1 100.000 0.000 0.000 0.000 1 0.024 99.976 0.000 0.000 
 5 99.547 0.133 0.308 0.011 5 0.036 99.914 0.001 0.049 
038006.SZ 1 100.000 0.000 0.000 0.000 1 0.114 99.886 0.000 0.000 
 5 99.682 0.148 0.168 0.003 5 0.193 99.749 0.001 0.057 
580000.SH 1 100.000 0.000 0.000 0.000 1 0.032 99.968 0.000 0.000 
 5 99.963 0.000 0.036 0.000 5 0.064 99.839 0.004 0.094 
580001.SH 1 100.000 0.000 0.000 0.000 1 2.729 97.271 0.000 0.000 
 5 97.801 2.183 0.013 0.002 5 2.735 97.205 0.010 0.050 
580002.SH 1 100.000 0.000 0.000 0.000 1 7.965 92.035 0.000 0.000 
 5 94.759 5.152 0.083 0.006 5 7.987 91.704 0.302 0.008 
580003.SH 1 100.000 0.000 0.000 0.000 1 15.299 84.701 0.000 0.000 
 5 96.193 3.801 0.005 0.001 5 15.362 84.595 0.027 0.016 
580004.SH 1 100.000 0.000 0.000 0.000 1 10.659 89.341 0.000 0.000 
 5 94.878 4.985 0.121 0.016 5 10.692 89.076 0.227 0.005 
580005.SH 1 100.000 0.000 0.000 0.000 1 0.003 99.997 0.000 0.000 
 5 99.955 0.041 0.002 0.002 5 0.003 99.945 0.041 0.011 
580006.SH 1 100.000 0.000 0.000 0.000 1 11.142 88.858 0.000 0.000 
 5 96.999 2.982 0.018 0.001 5 11.144 88.790 0.054 0.011 
580007.SH 1 100.000 0.000 0.000 0.000 1 7.285 92.715 0.000 0.000 
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 5 96.467 3.519 0.013 0.001 5 7.273 92.638 0.067 0.022 
580990.SH 1 100.000 0.000 0.000 0.000 1 4.187 95.813 0.000 0.000 
 5 98.149 1.840 0.010 0.001 5 4.188 95.757 0.041 0.014 
580991.SH 1 100.000 0.000 0.000 0.000 1 3.584 96.416 0.000 0.000 
 5 97.740 2.239 0.021 0.001 5 3.588 96.339 0.054 0.019 
580992.SH 1 100.000 0.000 0.000 0.000 1 1.859 98.144 0.000 0.000 
 5 98.989 0.985 0.026 0.000 5 1.925 97.997 0.050 0.028 
580993.SH 1 100.000 0.000 0.000 0.000 1 2.955 97.045 0.000 0.000 
 5 98.627 1.370 0.002 0.000 5 2.956 96.954 0.064 0.025 
580994.SH 1 100.000 0.000 0.000 0.000 1 2.154 97.846 0.000 0.000 
 5 98.840 1.094 0.061 0.004 5 2.157 97.792 0.042 0.009 
580995.SH 1 100.000 0.000 0.000 0.000 1 1.591 98.409 0.000 0.000 
 5 98.987 0.908 0.100 0.005 5 1.590 98.336 0.054 0.019 
580996.SH 1 100.000 0.000 0.000 0.000 1 1.381 98.619 0.000 0.000 
 5 98.854 1.116 0.025 0.006 5 1.413 98.454 0.077 0.057 
580997.SH 1 100.000 0.000 0.000 0.000 1 1.172 98.828 0.000 0.000 
 5 99.215 0.764 0.019 0.002 5 1.179 98.719 0.082 0.020 
580998.SH 1 100.000 0.000 0.000 0.000 1 0.056 99.944 0.000 0.000 
 5 99.999 0.000 0.000 0.001 5 0.059 99.839 0.039 0.063 
580999.SH  1 100.000 0.000 0.000 0.000 1 0.001 99.999 0.000 0.000 
 5 99.943 0.016 0.018 0.023 5 0.006 99.937 0.057 0.001 
Average  97.451 0.779 0.037 0.002  5.126 94.828 0.031 0.015 
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