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We investigate considerations (compensations) paid in on-going Division Reform, a 

process of releasing trading constraint, in China Stock Market, and link this event 

with existing literature of restricted asset by inferring implied illiquidity discount of 
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capturing multiple dimensions of restriction finding it together with the scale of 

restriction well explain the ratio of considerations and the implied illiquidity discount. 

We also use theoretical models to justify the 20% implied illiquidity discount and find 

it is below the 48.67% upper bound suggested by Longstaff (1995) and it falls within 

the range between 12.18% and 23.82% suggested by Lonstaff (2001) concluding the 

considerations paid in Division Reform is adequate and relative wealth of two classes 

of shareholders remains after the trading constraint released.  
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1. Illiquidity and Trading Constraint 

   

The basic concept of liquidity and illiquidity refers to the degree of ease and certainty 

with which assets can be converted into cash. Early studies defined illiquidity in terms 

of bid-ask spread, transaction costs, turnover rate and trading lag. Examples include 

Glosten and Milgrom (1985), Amihud and Mendelson (1986) Constantinides (1986), 

Easley and O' Hara (1987), Glosten (1987), Glosten and Harris (1998), Stoll (1989), 

Davis and Norman (1990), Grossman and Laroque (1990), Dumas and Luciano 

(1991), Jouini and Kallal (1998), Datar et al (1998), and Subramanian and Jarrow 

(2001) etc. Under those interpretations, an investor can initiate trades of unlimited 

amounts whenever desired, albeit at some costs or delay. In terms of the causes of 

illiquidity, adverse selection (Andrea 2004) and regulations (Silber 1991) serve 

endogenous and exogenous sources of illiquidity respectively.  

 

Exogenous illiquidity stem from trading constraints imposed on certain shares which 

forbidden trading for a fixed or uncertain period of time. This type of share is known 

as restricted share and the duration of constraint is known as constraint horizon. 

Examples of restricted shares include IPOs, managerial compensation, and Letter 

Stocks etc. Subscribers get shares at a discount in an IPO, but are not allowed to resell 

them immediately (Brav and Gompers, 2000; Ofek and Richardson, 2000; Field and 

Hanka, 2001). In addition, initial dominant shareholders sometimes promise not to 

sell any shares for a period, typically three years right after IPO. Another example is 

restricted shares received by managers as a part of their compensation packages. Kole 

(1997) finds their constraint horizons are 31 and 74 months respectively for firms with 

medium and high levels of research and development. In addition, restricted shares 

are also obtained by managers from the target firm in merger and corporate insiders 

(see Bettis et al 2000). Letter Stock (Osborne 1982, Silber 1991) is a very important 

example: Traded shares in the States that are not registered in SEC (Securities and 

Exchange Commission) are not allowed to be resold in 2 years under SEC Rule 144.  

Biggest scale of restricted shares are State Shares and Legal Person Shares in China 

which accounted for more than 2/3 of total number of shares in China Stock Market 

(Chen and Xiong 2001, Huang and Xu 2007, Hou and Howell 2007). Other cases of 

restricted assets included restricted options in Israel (Brenner et al 2001). 
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Empirical evidence suggests that restricted assets and other assets showing illiquidity 

characteristics are often valued at a discount relative to freely-traded counterparts. 

Pratt (1989) finds the discounts ranging from 25.8% to 45.0% by summarising the 

evidence from eight different studies of restricted shares spanning the 1966 to 1984 

period. Later result from Silber (1991) shows that letter stocks are sold at an average 

price discount of 33.75%, in a range from 12.7% to 84% and the discount varies with 

the firm and the issue characteristics. Brenner, Eldor and Hauser (2001) find a 21% 

gap between the price of freely-traded options and restricted options, a difference 

cannot be arbitraged away. Restricted shares in China are also studied. Chen and 

Xiong (2001) document 77.93 % and 85.59% discount in auction and transfer from 

one-year (2000-2001) data sample. Recently, Huang and Xu (2007) report .28 as the 

mean of relative price of restricted shares i.e. 72% discount, based on 233 transfers 

from 2002 to 2003. Hou and Howell (2007) observe 77.18% and 76.79% discounts 

from auction and transfer from transactions during 1994 to 2005.  

 

Theoretical studies help to explain and justify empirical findings. Mayers (1972, 1973) 

and Brito (1977) show that illiquidity discounts can occur in equilibrium models, and 

the size of the discounts falls as the optimal portfolio strategy approximates the “buy-

and-hold”. Longstaff (1995) derives analytical expression for the upper bound of 

illiquidity discount by using option-pricing theory. Longstaff (2001) gets the optimal 

portfolio choice under trading constraint, and theoretical discounts on restricted 

portfolio. Kahl et al (2003) model optimal consumption, portfolio choice as well as 

economic costs of trading constraint. Most recently, Longstaff (2005) finds that the 

discount does not only attribute to discounted restricted shares, but also to premium of 

freely-traded shares in an equilibrium model. As the constraint horizon ends, their 

prices converge to an intermediate value.  

 

Existing empirical studies only cover a relative small number of stocks in stock 

market. Even in China Stock Market, where namely restricted shares existing in all 

firms, but occasional transactions, from which prices of restricted shares are observed, 

only happen in some firms. In this paper, by investigating a process of releasing 

restricted shares called Division Reform in China Stock Market, we infer and evaluate 

implied value of restricted shares and illiquidity discount in nearly every listed firm. 
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This study contributes to the literature by addressing these three issues: That is, I seek 

to fill the gap with respect to the restriction measurement, the relation between 

illiquidity discount and liquidity risk and an evaluation of ongoing Division Reform.  

 

We propose a new restriction measure for restricted shares which captures multiple 

dimensions of restriction characteristics. It takes account of the effects of times and 

relative scale of past transactions on current illiquidity discount, which existing 

literature ignores. Afterwards, we build regression models to explain the consideration 

ratios, cost of division reform as well as implied illiquidity discounts. The final part of 

this paper borrows theoretical models to evaluate the implied illiquidity discount.  

 

This paper is organised as following: in section II, background, data and methodology 

are described; a new restriction measurement is proposed. Section III reports the 

empirical results and analyses of discounts variation and market reaction. Afterwards, 

in Section IV, we extend the theoretical model to obtain and decompose the 

theoretical discounts and then compare them with empirical results to evaluate the 

ongoing Division Reform.  Section V offers concluding remarks.  

 

2. Data and Methodology 
 

2.1 Data and Background 
 
China Stock Market provides a good opportunity for empirically investigating the 

effects of trading constraints on share prices. Since IPO of each firm, trading 

constraints are imposed on shares hold by the State and its agencies in order to control 

privatisation. Those restricted shares accounted for around two thirds of the total 

number shares in the market. The length of constraint horizon was not specified until 

May 2005 when a process called Division Reform was launched by the government to 

release all existing trading constraints on restricted shares in China Stock Market 

batch by batch and step by step, and to stop imposing trading constraint on newly-

listed firms.  
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After existing trading constraints are released, government will be able to sell its 

restricted shares which were priced at a discount relative to liquid counterparts, and 

the price premium of freely-traded shares will be diluted because demand for shares is 

not perfectly elastic. Holders of freely-traded shares do not allow such process happen 

unless proper compensation is given from holders of restricted shares. In fact, 

negotiation of the size of the compensation is the key part of Division Reform. When 

a firm is chosen by the administration commission to release trading constraint, its 

shares are suspended from trading in exchange and holders of restricted shares are 

required to have a meeting to propose a compensation plan, which is known as 

consideration. Compensation is adequate only if the relative wealth of two classes of 

shareholders remains after release of trading constraint. Separate 2/3 majority is 

required in each class for the voting of compensation plan. After the compensation is 

agreed and paid, trading in exchange resumes. One year afterward, holder with a 

small scale of restricted shares will be free to trade their shares and three years 

afterward all trading constraints are released and two divisions of shares are unified 

by that time.  

 

Since 2005, most of firms listed in Shanghai and Shenzhen Exchanges have 

completed the payment of consideration. Till 03 January 2008, regulatory commission 

has selected 1326 firms in 64 batches (in addition to 2 experimental batches) to 

conducted division reform. 1231 firms have paid the consideration and 40 firms just 

approved the compensation plan in voting. Compensation plans from 9 firms were 

rejected and need to be modified. The dataset used in this paper is from CCER (China 

Centre of Economic Research).  

 

As Table 1a shows, there are five distinct ways of paying consideration in Division 

Reform: 

 

①, Holders of restricted shares give a proportion of their restricted shares to holders 

of freely-traded shares. It is the most common way of making compensation 

accounted for 923 cases in the sample. Its official expression in Table 1b shows that 

on average, the former gives 0.3046 shares for every 1 units of freely-traded shares 

holder by the latter.  If the consideration is adequate to keep the relative wealth of two 
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classes of shareholders after trading constraint are released, the relative wealth before 

and after Division Reform is expressed as: 
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where RN is the number of restricted shares in the firm; FN is the number of      

freely-traded shares in the firm; RP is the price of restricted shares before Division 

Reform; FP is the price of freely-traded shares before Division Reform; CN is the 

number of restricted shares paid as consideration; P is the price of unified shares after 

trading constraints are released.  

 

②,  Holders of restricted shares shrink their number of restricted shares. There are 8 

observations for this type of compensation. Table 1b shows on average the number of 

restricted shares shrink to 65.37% of the original one. If the compensation is adequate, 

the relative wealth of two classes of shareholders before and after Division Reform is 

expressed as: 
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where SN is the decreased number of restricted shares.  

 

③,  Accumulation funds are used to increase the number of freely-traded shares in the 

firm. There are 182 observations of this type. Table 1b shows the number of freely-

traded shares are increased by 58.15%. The relative wealth of two classes of 

shareholders before and after Division Reform is expressed as: 
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where AN  is the increased number of freely-traded shares by using accumulation fund.  

 

④,  Holders of restricted shares pay cash to holders of freely-traded shares. 14 firms 

make compensation in this way. Table 1b shows on average 1.4782 Yuan are given 

for each unit of freely-traded share. 
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⑤,  Put and/or call options are given by holders of restricted shares give options to 

holder of freely-traded shares as consideration. None of any firms solely use this 

method.  

 

In many cases, combined ways of compensation are adopted as shown in Table 1. 

There is one case for each of the following combined methods: ①②, ②④, ④⑤, ①

②④, and ①③④. It is relative more often that method ① combined with ③ or ④ or 

⑤ accounting for 26, 53, and 24 cases.  

 

When ①② are both used, the relative wealth before and after Division Reform is 

expressed as:  
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When ①③ are both used, the equation is expressed as 

ACF

CR

FF

RR

NNN

NN

PN

PN

++
−

=    (5) 

 

In order to compare the magnitude of compensation, different ways of compensation 

could be unified and expressed by CN ′  i.e. equivalent CN .  

 

CN ′  can be obtained by making Equation (1) and (2) equal; Consequently,  
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In the same way, by making Equation (1) and (3) equal, we get 
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Not only the first, second and third types of compensation, we can also unify 

combined methods.  

 

If methods ①②are both used, we can obtain the CN ′ by making Equation (1) and (4) 

equal and get 
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Again, we make Equation (1) and (5) equal and get  
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After we unify the magnitudes of different types of compensation, we can investigate 

how size of consideration varies with some firm-specific and reform-specific 

variables after we unify different ways of compensation. Payout Ratio payoutR  and 

Obtaining Ratio obtainR  are official proxies of compensation on perspectives of 

different classes of shareholders. 
R

C
payout N

N
R =  , which indicates the ratio of restricted 

shares paid as compensation and is referred by holder of restricted shares.
F

C
obtain N

N
R = , 

which indicates how many restricted shares can be received for one unit of freely-

trade share and is referred by holder of freely-traded shares.  

 

Those two official proxies are not adequate to reflect the relative size of compensation 

or the cost of releasing trading constraint, because payoutR and obtainR  largely depend 

on FR , the ratio of freely-traded shares in the firm. For instance, if FR is very large, 

obtainR remains tiny even most of restricted shares are paid as compensationCN  and 

vice versa.  In order to reflect the cost of release trading constraint, we use Cost Ratio 

CR

C
t NN

N
R

−
=cos  to show the number of restricted shares needs to be paid as 

compensation to release the trading constraint on one unit of restricted shares, i.e. the 

cost of converting one unit of restricted share.  

 

We also can also infer the price discount on restricted shares from the size of the 

compensation. Unlike occasional transaction of restricted shares (Hou and Howell 

2007), Division Reform effectively involve all listed-firms in China Stock Market, 
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and implied discounts could be obtained from all of them. Recall Equation (1) and the 

expression of discount
F

R

P

P
D −=1 , the implied discount is obtained: 
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Alternative, we can also express it in terms of ratios.  
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where CR  the ratio of CN relative to total number of shares in the firm.  

 

2.2. Restriction Measurement 
 
I define a restriction measure of a security, RM as 

 

Niiiii IRMIRMIRMIRMRM ,3,2,1, *....***=    (12) 

 

where jiji RTTIRM ,, 1+= ; n is the total number of occasional transactions of 

restricted shares since IPO till Division Reform of firm i; RTT is the number of 

restricted shares involved in transaction j relative to total number of shares at that time.  

 

This measurement can distinguish two list-firms with same number of restricted 

shares transactions but different proportion of restricted shares involved. It also acts 

like a tiebreaker when sorting stocks based on the number of transactions. Regardless 

the length of the period since IPO of a firm, the restricted measure is constructed in 

the beginning of the division reform of each firm. The dataset for calculating RM, 

same as it used in Hou and Howell (2007), is also from CCER. Because transactions 

are made by the means of auction and transfer, we get the RM from both ways of 

transactions.  

 

Captures multiple dimensions of liquidity, the new restriction measure takes account 

of the effects of times and relative scale of past transactions on current illiquidity 

discount, which existing literature ignores.  First of all, the number of transactions 

indicates how strict the restriction is i.e. the degree of illiquidity: more frequent the 
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transaction is, less strict the restriction is. According to previous empirical and 

theoretical studies, restricted shares are priced at a discount relative to otherwise 

identical shares. If the restriction is not so very strict, restricted shares are associated 

with less “lock-in risk” (See Gallameyer et al 2004 and Liu 2006). With less strict 

restriction, holders of restricted shares are able to make portfolio rebalance, although 

limited, consequently increasing terminal wealth of restricted shares and decreasing 

the illiquidity discount. Second, the dimension of relative transaction scale is also 

captured by the new restriction measurement. The relative transaction scale i.e. the 

number of involved restricted shares in a transaction relative to total number of shares 

in the firm further distinguish the level of illiquidity for firms with same number of 

transactions. It has the same spirit as the turnover in the liquidity measurement (Liu 

2006). Third, because demand of shares is not elastic, transaction with a bigger scale 

may be regarded as a threat of the liquidity premium on freely-traded shares. In sum, 

number of transactions sorts the strictest and loosest restrictions and relative scale 

further identify the most liquid restricted stocks among loosely restricted stocks. The 

product of each  jiRM ,  documents the aggregate effects from each dimension. 

2.3. Research Design 
 

Shares from same firm with identical cash flow and identical voting rights are of a 

same price. As trading constraint is imposed on a proportion of those shares, the 

prices of restricted shares and freely-traded counterparts diverge. There are three 

factors captures the main characteristics of trading constraint: RM captures how strict 

the constraint is; FR indicates the scale of the constraint; T, known as constraint 

horizon captures the length of constraint. T does not appear in our empirical model, as 

it for all firms are 3 years. The regression models which contains those explanatory 

variable is 

 

εββα +++= FRRMDimplied 21     (13) 

 

The effects of same constraint change with the external environment. When the 

market is not volatile, the investor would not rebalance his portfolio even if he is 

allowed do so; even the constraint horizon does not affect much and illiquidity 

discount is tiny (Longstaff 1995, 2001, 2005 and Hou and Howell 2007). The ability 
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to hedge the risk of restricted shares also influences the effects of constraint. When β  

is close to 0 and the returns of the firm are nearly uncorrelated with the market, the 

illiquid discount is smaller than when β is close to 1 (See Kahl et al 2003). The 

regression models which contains those explanatory variable is 

  

εβββα +++= 21VDimplied      (14) 

 

The implied discounts in our sample are observed in Division Reform. Specific 

variables stem from the process is expected also influence the size of discount.  

Explanatory variableBath indicate the sequence of batch in which the firm was 

selected to conduct Division Reform. DummyAdjust is 1 if original proposed 

compensation plan has ever been rejected by holder of freely-traded shares.  

 

In the model of Hou and Howell (2007), NAVPS is the very most significant variable. 

NAVPS is normally referred to as the lower boundary of restricted share. Before the 

launch of Division Reform, proposed transactions of restricted shares which are 

valued lower than NAVPS are unlikely to be approved by administration commissions. 

In this sense, the benchmark discount could be expressed as  

 

F

F
benchmark P

NAVPSP
D

−=    (15) 

 

The upper boundary of illiquidity discount is obtained from the terminal wealth of 

restricted shares and terminal wealth of their illiquid counterparts hold by a 

hypothetical investor with perfect timing ability (Longstaff 1995).  

 

In addition to those two boundaries, we also incorporate previous explanatory 

variables in empirical models of illiquidity discount from restricted shares. Silber 

(1991) use the natural logarithm of the revenue, lnREV and earnings (dummy) as 

proxies of credit-worthiness, whereas Chen and Xiong (2001) use natural logarithm of 

book value, lnBook. Chen and Xiong (2001) also proxy viability by using firm age 

since IPO, proxy operating performance by using ROE, proxy the transaction quantity 

by using natural logarithm of number of restricted shares in and proxy location bias 
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by using dummy variable Exchange (1 if the firm is listed in Shanghai Exchange; 0 if 

listed in Shenzhen Exchange). We also incorporate dummy SOE and natural 

logarithm of market capitalisation from Hou and Howell (2007). PS is a dummy 

variable. 1=PS  if the firm have normal profit status. 0=PS   0 is the firm bear loss 

in past 3 years and has been put ST (special treated) in front of the firm by Exchange.. 

The cross-sectional regression that contains all explanatory variables is 

 

3. Empirical Findings 
 
 
Table 2a presents the descriptive statistics of proxies we used to measure 

compensation. On average, holder of restricted shares give up 30.24% percentage of 

their shares paid to holder of freely-traded shares as compensation. Before the 

Division Reform, restricted shares accounted for around 70% of total shares in China 

Stock Market. This ratio will falls to around 50% after the compensation is paid 

according to the observed payout ratio. The obtaining ratio shows shareholder 

receives .5702 shares for every one unit of freely-traded share. In another word, their 

shares will more than doubled in the division reform. Cost ratio shows that for 

releasing the constraint on one restricted shares, i.e. for converting one restricted 

shares, .4559 restricted shares are paid as compensation. Implied discount shows 

those restricted shares with 3-year constraint horizon are valued at 20.08% discount. 

This figure is smaller than the discount observed in occasional transaction of 

restricted shares by Chen and Xiong (2001), Huang and Xu (2007) and Hou and 

Howell (2007) as by the Division Reform, the trading constraint is fixed at 3 years.  

 

Table 2b reports the regression models for those proxies of compensations. The 

regression model ofpayoutR shows that firms with smaller ratio of freely-traded shares 

and firms with smaller market capitalisation are associated with larger payoutR . With a 

larger freeR i.e. smaller restrictedR , the influence of release of the trading constraint on the 

freely-traded counterparts is smaller, consequently less compensation is required. The 

payout ratio in SOEs is .36% greater than it from non-SOEs. Firms that conduct 

Division Reform later have smaller payout ratio.  
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FR also has the most significant explanation power for the obtainR  regression model. It 

shows holder of freely-traded shares from firms with a larger freeR receives less 

number of restricted shares for every one unit of freely-traded shares they hold. This 

is consistent with our intuition in the sense of that the total paid restricted shares are 

diluted by the large ratio of freely-traded shares. The large freeR does not necessarily 

lead to larger arguing power for the holder of freely-traded share in that the voting of 

two classes of shareholders are separated and separate majority is required. Every 

significant variable in the regression models for payoutR and obtainR  has same sign, 

consistent with our expectation that, a higher payoutR  led to more restricted shares 

given up and consequently a higherobtainR .  

 

The regression model for tRcos also exhibit negative coefficients onfreeR , MCln  and 

Batch , showing firms with higher proportion of freely-traded shares, larger firms, and 

firms that conduct Division Reform later release the trading constraint at a lower cost. 

SOE is associated with higher cost. This result further implying the ratio of restricted 

shares is not likely to be a proxy of arguing power; otherwise, firms with higher FR 

would have a higher tRcos . Higher tRcos is due to lower value of restricted shares i.e. 

higher illiquidity discount. In Table 2b, we build regressions models for the implied 

illiquidity discount calculated from Equation (11).  

 

The first column shows two explanatory variables RM and FR are significantly 

influence the illiquidity discount. Both of them are measure of restriction. The former 

reflect how strict the restriction is and the latter reflect the scale of restrictions. 

Consistent with our hypothesis, one unit increase in RM will lead to .0103 decreases 

in discount. One unit increase in FR i.e. one unit decrease in the ratio of restricted 

shares will lead to .4237 increase in discount. This is consistent with Silber (1991) 

and Huang and Xu (2007).  

 

In the second column volatility does not significantly influence the illiquidity discount, 

consistent with Hou and Howell (2007) restricted shareholders does not value the risk 

as market does. Restricted shares from larger firms are priced at a smaller discount, 

consistent with Chen and Xiong (2001). -.0008% indicate firms involved later batch 
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price the value of restricted shares at a higher price i.e. smaller discount. SOE shows 

discounts from SOEs are .227% largert.  

 
The 2R is greater than .7 and .34 for the models of obtainR and payoutR . 2R for the 

tRcos is .27 and for impliedD is .43. For those models, freeR has most significant 

explanatory power.  

 

4. Theoretical Comparison 
 

In order to interpret and justify the implied illiquidity discount and Division Reform at 

large, we appeal to theoretical models. An hypothetical investor gets an endowment 

either a single asset worth S0 (Longstaff 1995) or portfolio worth W0 (Longstaff 2001). 

Due to imposed trading constraints on the risky asset, the investor cannot change his 

position and receive cash flow worth either WT at the end of constraint horizon T. The 

liquid benchmarks used to calculate discount are different in those two frameworks. In 

the model by Longstaff (1995), the liquid benchmark is only allowed to be rebalanced 

once from risky asset to cash; whereas in the model by Longstaff (2001), continuous 

rebalances are allowed. In additional, the latter framework includes stochastic 

volatility for risky assets in order to motivate portfolio rebalancing. 

 

The risky asset in Longstaff (1995) has a price of tS  traded in the economy with 

dynamics: 

1ˆˆ dZSdtdS σµ +=            (8) 

where µ̂  and σ̂ are constants and 1Z is a standard Brownian motion. Assume an 

investor endowed with one unit of asset who is planning to maximise wealth at some 

time horizon T. A hypothetical investor with perfect market timing ability is assumed 

to be able rebalance the portfolio once, so as to maximise the value of wealth at time 

T, defined as UT. An investor restricted from trading cannot change the position at all 

and receives cash flow worthTS at the constraint horizon T. The difference between 

TU  and TS  is assumed to be the incremental cash flow the investor would receive if 

the trading constraint is released i.e. the value of being unrestricted. By using the 
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density function for the maximum of a Brownian motion over an interval of length T, 

the obtained closed-form solution for the upper bound is obtained: 
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where ( )⋅N  is the cumulative normal distribution function. )(sσ  is the volatility of 

share price. S is the value of the asset at 0t  and r  is interest rate. 

 

Constant volatility and a single rebalancing are restrictive assumptions which limit the 

application of Longstaff (1995) model. A continuous-time trading framework with 

stochastic volatility is more plausible and is used in Longstaff (2001). In this model 

the first asset is a riskless money market account, with price )(tB  and interest 

rate 0)( =tr . The second asset is risky, with instantaneous stochastic volatility of 

returns, following the dynamic volatility process 

)()()( 1 tdZtVtdV σ=      (10) 

where σ is a constant and )(1 tZ is a standard Brownian motion. The second risky asset 

therefore has price dynamics given by: 

)()()()())(()( 2
2 tdZtStVdttStVtdS ++= λµ      (11) 

Where µ  and λ are constants in a CAPM type mean-variance pricing model, )(tV  is 

the instantaneous volatility of returns, and )(2 tZ  is a standard Brownian motion 

independent of )(1 tZ .  

The investor’s wealth at time t is given by  

)()()()( tMtStNtW +=        (12) 

Where )(tN and )(tM are the number of risky and riskless assets held by the investor. 

The wealth dynamics are expressed as:  

)()()()()()())(()( 2 tdZtWtwtVdttWtwtVtdW ++= λµ         (13) 

Where the portfolio weight  
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The derived utility of wealth ),,( tVWJ is expressed as: 
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Assuming that instantaneous trades of any magnitude are possible for the investor 

(and that the current value )(tV of volatility is instantaneously observable by the 

investor) Longstaff (2001) derives the optimal portfolio weight analytically as  
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The expected utility of terminal wealth at time t is derived as: 
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Equations (16) and (17) provide a closed form solution to the investor’s portfolio 

choice problem in this stochastic volatility framework free from trading constraints 

between the risky and riskless asset.  

 

When trading constraint is imposed, the investor is allowed to select a portfolio 

balance at time 0 and is then not allowed to trade any shares between time 0 and the 

constraint horizon T. This of course differs from the Chinese situation, where the 

initial portfolio weighting is fixed along with the initial endowment. In this case the 

investor’s derived utility of wealth is expressed as 



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As we cannot find a closed-form solution for this equation, we employ simulation to 

solve it. First, we discretize every year investment horizon ],0[ T  into 20 equal 

intervals (in .05 year). We normalise the initial values of 0W and 0S to 1. Taking initial 

wealth as 0W  implies the initial budget restriction 0000 MSNW += and 00 1 NM −= , 

where 10 0 ≤< N . We assume that at time stepi  10 ≤< iN . The budget constraint at 

the ith time step is iiii MSNW += . Second, we simulate 100,000 paths of V and S 

using the standard Euler approximation to the dynamics of the volatility and share 

price in equation (10) and (11). Each sample path of Sij and Vij follows consistent 

dynamics over time. Third, we assign 1000 possible initial portfolio weight 

)0(
)0(

)0()0(
)0( N

W

SN
w == from 0.0% to 1.0% in step of 0.1% to the 100,000 paths of S 
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making )ln(ln 0,,0,, jtjjtj MSNW += where 0,0, 1 jj NM −= along path j. We got 

100,000 terminal values from TW ,1ln  to TW ,100000ln for each )0(w . We then take the 

average value of TWln  along all paths: 

000,100

);(ln

);(ln

000,100

1
0,
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∑
== j

TTj

TT

wSW

wSW            (19) 

In the end, we get 1000 TWln for 1000 values of )0(w  from the simulation. The 

largest TWln among them must be given by the optimal initial portfolio 

weight )0(*w i.e. 0
*N . In this way, the path along which expected terminal utility is 

maximised defines the estimated )0(*w .  

 

The trading constraint reduces the derived utility of wealth i.e. 

),,())0(;,,,,( * tVWJwtVSNWJ ≤ . In order to induce an investor to hold the 

restricted asset, a price discount must be offered as compensation for its illiquidity. 

The illiquidity discount is: 

)))0(;,,,,(),,(exp(

1
1

*wtVSNWJtVWJ
Dt −

−=        (20) 

 

Table 4 summaries the theoretical discount from those two frameworks. )0(ˆ *w in first 

column shows the optimal portfolio weight for liquid benchmark and the table on the 

right shows the optimal portfolio weight of restricted shares for different levels of risk. 

It shows )0(*w are negatively related to the volatility and volatility of volatility. The 

volatility in our data sample is around 3% and the volatility of volatility is between .3 

and .4. The corresponding )0(*w  is 70% to 86%. Recall the FR ratio, the portfolio 

weight for the government was close to this ratio.  

 

The second part of the table documents theoretical discounts from two frameworks. 

D
⌢

 is calculated from Longstaff (1995) model. It is positively related to the volatility. 

For .3 level of volatility, the upper bound of illiquidity discount suggested by 

Longstaff (1995) is 48.67%. 20% implied discount from our empirical part is within 

this bound.  
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D in this part shows the illiquidity discount from Longstaff (2003) continuous trading 

framework. Due to different assumption, namely unlimited borrowing, volatility is 

negatively related to discount.  Volatility of volatility is still positively related to the 

discount. For .3 level of volatility and .3 to .4 volatility of volatility, the 

corresponding discount is from 12.18% to 23.82%. Our empirical discount 20% is 

also within such range.  

 

So far, we justify the implied illiquidity discount documented in our empirical part 

and it falls within the range of theoretical discounts suggested by Longstaff (1995 and 

2001). The consideration is designed based on value of restricted shares. As the 

discount is justified by the theoretical models, it seems the on-going Division Reform 

does not affect the relative wealth of each class of shareholders in the process of 

releasing large scale trading constraint in China Stock Market.  

 

5. Concluding Remarks 
  

This paper investigates a process of releasing trading constraint in China Stock 

Market, named Division Reform. We provide fresh insights of the measuring of 

compensations paid in this process by using payout ratio, cost ratio and inferred 

implied illiquidity discount of restricted shares in all firms conducted such reform. We 

also propose a new measure of restriction to captures aggregate market restriction 

conditions and find that that tighter the restriction is larger the illiquidity discount is. 

It also shows that the scale of restriction is positively related to the discount.  

 

Two variables associated with the Division Reform are also significantly related to 

discount. Latter a firm is chosen to conduct reform, smaller the discount is; and if a 

consideration proposal is rejected, the restricted shares must be re-valued at a larger 

discount i.e. proposals which overvalues the restricted shares are tend to be rejected 

by the holder of freely-traded shares. In addition, some firm characteristics also 

influence the value of illiquidity discount. Market capitalisation and PB ratio are 

negatively related to the discount showing restricted shares from large firms and 

growth firms are valued at a smaller discount. Result from our incorporated 
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fundamental variables is consistent with previous empirical studies by Silber (1991), 

Chen and Xiong (2001), Huang and Xu (2007) and Hou and Howell (2007).  

 

By using Longstaff (1995, 2001) frameworks, we also justify and evaluate the implied 

illiquidity discount. We find that the portfolio position of the State is close to the 

optimal portfolio on restricted shares at recent market condition. We also find that the 

implied discount 20% is below the upper bound 48.67% suggested by Longstaff 

(1995) and within the range between 12.18% and 23.82% showing the size of 

consideration paid in Division Reform is appropriate, the relative wealth of two 

classes of shareholders remains after trading constraints are released.  
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Table 1: Different Ways of Compensation 
 
There are five distinct ways of paying consideration in Division Reform: 

①, Holders of restricted shares give a proportion of their restricted shares to holders of freely-

traded shares. ②,  Holders of restricted shares shrink their number of restricted shares. ③,  

Accumulation funds are used to increase the number of freely-traded shares in the firm. ④,  

Holders of restricted shares pay cash to holders of freely-traded shares. 14 firms make 

compensation in this way. ⑤,  Put and/or call options are given by holders of restricted shares 

give options to holder of freely-traded shares as consideration.  

As the table shows, combined methods are also used.  

1a. Observations 
 
Type Count Percentage 
① 923 72.62% 
② 8 0.63% 
③ 182 14.32% 
④ 14 1.10% 
⑤ 0 0.00% 
①② 1 0.08% 
①③ 26 2.05% 
①④ 53 4.17% 
①⑤ 24 1.89% 
②④ 1 0.08% 
④⑤ 1 0.08% 
①②④ 1 0.08% 
①③④ 1 0.08% 
①④⑤ 6 0.47% 
Missing Value 30 2.36% 
Sum 1271 100.00% 

 

1b. Descriptive Statistics 
  

  ① ② ③ ④  

Mean 0.3046 0.6537 0.5815 1.4782 
Standard Error 0.0026 0.0161 0.0155 0.2672 
Median 0.3100 0.6500 0.5500 1.3300 
Mode 0.3000 0.6500 0.6000   N/A 
Standard Deviation 0.0797 0.0456 0.2086 0.9996 
Sample Variance 0.0064 0.0021 0.0435 0.9993 
Kurtosis 3.0681 -0.0175 0.1632 -0.4084 
Skewness -0.3769 0.1223 0.5698 0.7955 
Range 0.6700 0.1417 1.1096 3.1180 
Minimum 0.0300 0.5800 0.1000 0.3820 
Maximum 0.7000 0.7217 1.2096 3.5000 
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Table 2: Compensation Proxies 
 

2a. Descriptive Statistics 
 

 

 
obtain 
ratio 

payout 
rato cost ratio 

implied 
discount% 

Mean 0.5702 0.3024 0.4559 20.0830 
Standard Error 0.0114 0.0026 0.0061 0.0267 

Median 0.5379 0.3100 0.4493 19.9582 
Mode 0.7000 0.3000 0.4286 19.1060 

Standard Deviation 0.3503 0.0815 0.1857 0.8079 
Sample Variance 0.1227 0.0066 0.0345 0.6527 

Kurtosis 37.4125 2.8694 24.9159 1.0971 
Skewness 3.5488 -0.4423 2.8189 0.7734 
Minimum 0.0146 0.0300 0.0309 5.8132 
Maximum 5.2595 0.7000 2.3333 17.8292 

Count 938 948 938 938 
 
 
  

2b. Regression Models for Compensations 
 
 
 

  payoutR   obtainR   tRcos   
Constant 0.4694 4.3 1.3707 5.17 0.9898 6.14 

V  -0.7534 -1.39 -0.9608 -0.66 -1.2806 -1.23 

FR -0.2454 -7.9 -2.4744 -17.1 -0.4711 -7.46 

benchmarkD  -0.0194 -1.53 -0.0377 -1.58 -0.0312 -1.25 

MCln  -0.0151 -4.07 -0.0149 -1.28 -0.0322 -4.21 

Age  -0.0005 -0.41 0.0095 2.3 -0.0009 -0.36 

PS  0.0090 0.48 0.0349 0.99 0.0168 0.47 

SOE  0.0360 4.13 0.0386 1.65 0.0645 3.55 

Exchange  0.0030 0.55 0.0052 0.37 0.0061 0.52 

Batch  -0.0007 -2.92 -0.0012 -1.67 -0.0014 -2.92 

Adjust  0.0165 1.63 -0.0172 -0.58 0.0169 0.81 

             
2R  0.3489 0.7225 0.2722 

 
 
 
 
 



 26 

Table 3: Regression Models for Implied Illiquidity Discount 

 
 
 
  Implied Illiquidity Discount 
Constant .2256 -2.65 .3955 24.32 .4452 5.07   

RM -.0103 9.68     -.0019 -1.17 

FR .4237 14.80     .4786 10.74 

V    .1136 0.22   .1845 0.37 

benchmarkD    -.0718 -4.72   .0248 1.33 

Batch    -.0003 -1.07   -.0008 -3.43 

Adjust    .0298 3.17   .0286 3.25 

Age      .0045 5.14 .0021 2.75 

PS      .0466 2.68 .0345 1.81 

Exchange      -.0148 -2.50 -.0027 -0.53 

SOE      .0296 4.16 .0227 3.12 

MCln      -.0367 -5.14 -.0473 -4.72 

Bookln      .0300 5.02 .0324 3.77 

 vReln          -.0008  -0.23 -.0010 -0.99 

Earning      -.0095 -0.81 -.0141  -1.51 

PB      -.0009 -0.74 -.0025 -1.62 
2R  0.2237 0.0930 0.1350 0.4254 
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Table 4: Theoretical Optimal Portfolio Choice and Illiquidity Discount 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

T=3 
  1.=σ  2.=σ  3.=σ  4.=σ  5.=σ  6.=σ  7.=σ  8.=σ  

   Optimal Initial Portfolio Choice *w    

0.1 1000% 1 1 1 1 1 1 1 0.99 

0.2 250% 1 1 1 1 1 0.87 0.65 0.49 

0.3 111% 1 0.99 0.86 0.7 0.54 0.39 0.28 0.19 

0.4 63% 0.62 0.56 0.48 0.38 0.27 0.19 0.12 0.07 

0.5 40% 0.38 0.34 0.28 0.21 0.14 0.09 0.05 0.03 

0.6 28% 0.23 0.2 0.17 0.12 0.08 0.04 0.02 0.01 

0.7 20% 0.15 0.13 0.09 0.07 0.04 0.02 0.01 0.01 
A 0.8 16% 0.1 0.08 0.06 0.04 0.02 0.01 0.01 0.01 

 D
⌢

  Theoretical Discounts D   (%)   

0.1 14.59% 72.33 78.18 86.87 95.4 99.54 100 100 100 

0.2 30.78% 14.29 19.73 29.99 47.1 71.18 93.31 99.89 100 

0.3 48.67% 1.41 5.05 12.18 23.82 42.45 70.18 95.2 99.99 

0.4 68.38% 1.02 3.25 7.55 14.5 27.22 49.58 81.99 99.42 

0.5 89.99% 0.99 2.55 5.25 10.15 18.79 35.82 66.72 96.29 

0.6 100.00% 1.17 2.27 4.13 7.44 13.72 26.69 53.51 89.85 

0.7 100.00% 1.11 2.04 3.47 5.79 10.43 20.53 43.08 81.39 
B 0.8 100.00% 1.2 1.88 2.86 4.61 8.22 16.22 35.1 72.44 

0V *
0ŵ


