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LIQUIDITY AS PRICE EFFECT ON TIME TO SALE

KEUNKWAN RYU* - HYUN-YEOL SHIN**

This paper proposes a new empirical measure of liquidity, termed
“liquidity delta.” An asset is considered liquid if it can be traded quickly, in
large quantities at low cost with little impact on market price. Trade-off
between asking price and sale intensity, is one of the most common
characteristics of assets. The new measure, liquidity delta, empirically
captures this trade-off. We estimate liquidity delta for sixty major stocks
listed on the Korea Stock Exchange. We demonstrate that liquidity delta is a
useful measure of liquidity, with liquidity level and its variability showing
negative and positive relation, respectively, with the asset's rate of return.
The negative relationship shows premium for lack of liquidity whereas the
positive one shows premium for liquidity risk.
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I. INTRODUCTION

Assets have different degree of liquidity. An asset is considered liquid
if it can be traded quickly, in large quantities at low cost with little impact
on the market price (Keynes 1936, Glosten and Harris 1988, Pastor and
Stambaugh 2003). For all its familiarity as a concept, liquidity is not easy
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to measure. There is no absolute standard of liquidity (Keynes 1936). The
existence of various proxy measures points to the complexity in
measuring liquidity.'

Bid-ask spread is considered compensation for specialists’ liquidity
provision in quote driven markets,” rendering bid-ask spread a proxy for
liquidity. Since Amihud and Mendelson (1986) have adopted bid-ask
spread as a measure of liquidity in estimating the relationship between the
rate of return and liquidity, a number of papers attempt to develop various
liquidity indexes based on bid-ask spread. Among them are Eleswarapu
and Reinganium (1993), Brennan and Subrahmanyam (1996), Chalmers
and Kadlec (1998), Chordia et al. (2000), and Marshal and Young (2003).

Grossman and Miller (1988) mention that bid-ask spread is merely a
charge by the market makers for executing their orders, rather than a
measure of cost in supplying immediacy to the market. Alternative
liquidity measures emphasize “the ability to trade large quantities in a
short period of time without significant changes in price.” Haugen and
Baker (1996), Datar et al. (1998), and Chordia et al. (2001a) use turnover
rate as a liquidity index.

Cooper et al. (1985) measure liquidity using the dollar volume of
trading necessary to result in a 1% price change. Amihud (2002) and
Acharya and Pedersen (2003) use the ratio of daily traded dollar volume
to the absolute price change as a proxy for daily liquidity.

Hasbrouck and Schwartz (1988) and George et al. (1991) suggest the
ratio of short term to long term variances of stock price volatility as a
proxy for liquidity. This measure is based on Roll's (1984) observation
that spread posed by specialists results in negative serial correlation in
short term price movements, suggesting that a high value of short term to
long term variance ratio imply lack of liquidity.

Pastor and Stambaugh (2003) propose a liquidity measure based on the
degree of temporary price variation stemming from order flows.
Gourieroux et al. (1999) measure liquidity using the interval between

! Markower and Marschak (1938) claimed that liquidity is a bundle of measurable properties.

2 Bid-ask spread is believed to be determined by the profit maximizing behavior of dealers, and
to be comprised of four economic factors: order processing cost, inventory holding cost,
specialists' monopolistic rent, and, most importantly, adverse selection cost caused by asymmetric
information between dealers and privately informed traders. See Glosten and Harris (1988),
Brennan and Subrahmanyam (1996).
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independent consecutive trades and also the interval between order
placement and execution. Lippman and McCall (1986) define liquidity in
terms of time until an asset is exchanged for money. They present time-
to-sell as an operational measure of an asset’s liquidity. Beside these,
there are several other liquidity measures.

In general, time-to-sell decreases (liquidity increases) as bids are more
frequent, as there are less impediments to transfer of legal title, as the cost
of holding an asset decreases, and as the asking price falls. In the stock
markets, however, asking and bidding prices are the most important
determinant of a stock’s liquidity. This is because ownership transfer is
just a matter of “one click” and the transaction charge is minimal due to
well established institutional trading mechanism.

In this paper, we measure liquidity as the “time-to-sell reduction effect
of lowering the asking price.” Our measure builds on Lippman and
McCall (1986). Our liquidity measure captures the trade-off between
asking price and (order) execution hazard rate.

Rest of the paper is organized as follows. In chapter II, we present an
empirical framework for measuring an asset’s liquidity. In chapter III, we
describe the data to be used for liquidity estimation. In chapter 1V, we
present the estimation results including the results of robustness check
from alternative model specification, and document correlations among
different liquidity measures, correlations between rates of return and
alternative measures of liquidity. Chapter V concludes the paper.

II. MEASUREMENT OF LIQUIDITY
1. Intuition

Liquidity of an asset is sometimes defined as the value which can be
secured as soon as it is put up for sale. This definition acknowledges the
trade-off between asking price and speed of sale execution. One must
lower the price of an asset to get it sold immediately upon sale
announcement. This definition is neither complete in the sense that it
cannot determine liquidity of those assets which cannot be sold

3 See Bayer, Borell, and Moslener (2005).
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immediately upon announcement, nor satisfactory for assets which can be
sold at a reasonable value within a reasonable time horizon but only at a
huge discount if sold immediately.

To construct a more complete and satisfactory liquidity measure, we
would like to explicitly consider the trade-off between asking price and
time till sale execution. Cash is of course perfectly liquid: without
lowering its asking price below its nominal level at all, cash can be
exchanged immediately for cash at that nominal price (tautological).
When an asset is less than perfectly liquid, it does not make sense to talk
about its price without reference to its time till sale execution. The lower
the asking price of an asset, the faster it will be sold, resulting in an
equilibrium trade-off between the asking price and the expected time till
sale.

Let EAP be the ratio of excess asking price to the market price, i.e.,
EAP=(P'-P)/P,, where B is the asking price and P, is the
market price at the time of sale announcement.* Let 7'(>0) denote the
time until an asset is exchanged for cash (hereafter we also call it
‘duration’).

[Figure 1] Relationship between EAP and E(T)

E(D)

EAP

0 c d

Note: If the seller’s EAP is between ¢ and d, then the time until sale execution is
stochastically increasing in the excess asking price, resulting in a positively sloped
equilibrium relationship between EAP and E(T).

* In this paper, we measure the market price as a simple average of the highest bid price and the
lowest ask price just before the time of sale announcement. In other situations where the market
price is not observable, one may use a “hedonic” regression function to estimate it. In used car
markets, one may also substitute “blue book” price for the market price.
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Figure 1 shows the equilibrium relationship between EAP, the excess
asking price, and E(7T), the expected time till sale execution:

If the seller’s EAP is lower than ¢, buyers will take the seller’s offer
immediately, resulting in E(7)=0. If the seller’s EAP is higher than d,
no buyer will take the offer, yielding E(7')=infinity. Finally, if the
EAP is between ¢ and d, then the time until sale execution is
stochastically increasing in the excess asking price, resulting in a
positively sloped equilibrium relationship between EAP and E(T) for
c<EAP<d .

Different assets have different equilibrium relationships. Consider cash
again. At any asking price higher than its nominal value, cash would
never be accepted by anybody. In contrast, at any asking price lower than
the nominal value, cash would be taken immediately by anybody. Thus,
the equilibrium relationship between EAP and E(T) in the case of
cash can be represented by a vertical line at EAP =0. In general, the
lower the liquidity of an asset, the flatter the slope of the equilibrium
relationship.

In Figure 2, the liquidity of asset 4 is higher than that of asset B. The
expected duration of asset A’s sale execution responds more sensitively
than that of asset B to unit change in EAP.

[Figure 2] Asset specific relationship between EAP and E(T)

ED Cash

Asset A

Asset B

_ AE(T)
slope = _IEAP

decreasing liquidity along the arrow

0 0 EAP

Note: The liquidity of asset A is higher than that of asset B. The expected duration of asset
A’s sale execution responds more sensitively than that of asset B to unit change in EAP.
Cash enjoys the maximum level of liquidity.
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In this paper, we propose to measure the degree of liquidity (or simply
liquidity) of an asset by utilizing the slope of the corresponding
equilibrium relationship. With an electronic order processing system,
although other factors such as ownership transfer procedure and share
holding costs could affect expected duration, the effect of EAP on
duration is most important.”

We would like to compare our liquidity measure with that of Lippman
and McCall (1986; hereinafter denoted LM). First, our liquidity measure
looks at ‘slope’” whereas LM’s measure just looks at expected time to sale
execution under “reasonable price” or “optimized price.” Second,
concerning the relationship between interest rate and liquidity, LM’s
liquidity measure increases as the market interest rate increases. It is
simply because asset holders would like to get rid of the asset as soon as
possible when market interest rates are high. Our liquidity measure might
decrease as market interest rate increases, since potential buyers become
choosy as market interest rates go up. Third, liquidity offers flexibility in
asset choice and thus it provides a kind of option value. This flexibility
allows holders of a liquid asset to act quickly as new investment
opportunities arise. Our measure is more suited to this notion of flexibility
than LM’s.® Fourth, LM’s liquidity measure depends on asset holder’s
subjective optimization. It depends on asset holder’s preference, private
value, search cost, opportunity cost of money, etc. On the contrary, our
measure is free from asset holder's subjective optimization. Fifth, “quick
sale” and “reasonable price or fair market price” are not compatible
concepts in LM’s liquidity measure. Our measure, however, explicitly
captures the relationship between asking price and time to sale execution
with greater applicability.

> Our liquidity measure is closely related to that of Hirshleifer (1972) and that of Markower and
Marschak (1938). Hirshleifer says that “Illiquid assets... are those characterized by a relatively
large discount for ‘premature’ realization” (p. 137). Markower and Marschak describe saleability
as “the relationship between the selling price and the time which the seller must wait in order to
get it.” (p. 280). Thus, for them, ‘saleability’ is a measure of market imperfection and a measure of
liquidity.

® Hicks (1974) argues that “by holding the imperfectly liquid asset the holder has narrowed the
band of opportunities which may be open to him.”
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2. Model

Liquidity i.e., the degree of responsiveness of E(7") to changes in
EAP, can be explicitly measured through the effect of EAP on the sale
execution hazard rate. The hazard rate at any moment in time denotes the
conditional intensity of sale execution within a short time interval,
conditional on that sale has not occurred yet. If the execution hazard rate
is high, “duration” or “time to sale” becomes short in a stochastic sense,
and vice versa.’

Let A(t|x)denote the conditional hazard rate at time ¢ given a set of
covariates, say x. The hazard rate can be represented as

h(r|x>=% (1)

where f(¢|x) is the density function and S(¢|x) is the survival
function. From A(¢|x)=—-d InS(¢|x)/dt, we derive

S(t|x) = exp[— | O'h(r | x)dr} : )

Using equations (1) and (2), the likelihood value of observing a
completed duration at ¢, given x, is

£t x)=h(t]x) exp[—jo’h(z | x)dr} . 3)

Meanwhile, the likelihood value of observing a right censored duration
at ¢, given x,is S(¢|x). An example of right-censored duration data is
sell limit orders which are either cancelled or left unsold by time of
market close.

7 Cho and Nelling (2000) also used duration analysis to identify the trade-off between a price
gap (which is a gap between the limit order price and the market price) and the sale/purchase
transaction hazard rate. They analyzed both sell and buy limit orders, while we only focus on sell
limit orders. We are interested in identifying the trade-off between the excess asking price and the
sale transaction hazard rate and thus in suggesting a new liquidity measure by estimating that
trade-off.
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Let {t,- -,tn;tl* , -,t;} denote a collection of observed durations, where
durations without * denote complete spells and those with * denote right
censored spells. Let f(¢|x,) and S (t; |x;) be the conditional density
function and the conditional survival function given covariate values.
Assuming independence across observations, the log likelihood function
is

InL= Zn:ln £t |x) +Zm: InS(; %)), &)

To complete the model, let us specify the hazard rate function as
follows:

h(t| x) = hy () exp(x'3) . (5)

This is a proportional hazard model well known in the literature (Cox
and Oakes, 1984). A set of covariates, x, shifts the so called baseline
hazard function /#,(tf) up or down proportionally. Of course, o 1is a
vector of unknown parameters.” The baseline hazard function h,(t)
captures the overall duration dependency of the hazard rate function.’

EAP is one of the covariates. It is expected that the larger the EAP is,
the lower the chance of executing a sell limit order. We expect the
coefficient of EAP to be negative. The higher the absolute value of the
coefficient, the more sensitive the hazard rate is to a unit change in EAP,
denoting a higher degree of liquidity. The absolute value of the
coefficient of EAP is positively related with the slope of the relationship
depicted in Figure 1. Hereinafter, we propose the absolute value of the
coefficient estimate of EAP as our liquidity measure."

8 &, measures semi-elasticity of the hazard rate with respect to x, . If x itself is in log
transformation, say x, =log(z,) > then S, is the elasticity of the hazard rate with respect to z,

® When the hazard rate function is not a constant, we say that the duration process exhibits
duration dependence. With positive (negative) duration dependence, the intensity of sale execution
increases (decreases) with the elapsed time since sale posting.

19 As will be shown later in this paper, the coefficient estimate of EAP turns out negative for
each (asset, trading day) combination. As a result, we can use its absolute value as a liquidity
measure without confusing its sign.



KEUNKWAN RYU - HYUN-YEOL SHIN: LIQUIDITY AS PRICE EFFECT ON TIME TO SALE 315

3. Covariates and the Baseline Hazard Function

The excess asking price, EAP, observed at the time of sale posting is
the most important covariate in our model. Other covariates include:
offered wealth ( Wealth = volumexasking price), the bid-ask spread
(Spread ), and the outstanding value of the highest bid ( HBid ).

These other covariates are also expected to affect the sale transaction
hazard rate. The bigger the wealth of the sell order is, the longer it takes
for the entire order to be absorbed in the market. The coefficient of
Wealth is thus expected to be negative. The coefficient of the Spread ,
which itself is a measure of liquidity, is expected to be negative. The
outstanding value of the highest bid reflects demand for immediacy or
buying pressure. So we expect the coefficient of HBid to be positive.
Note that we measure all covariates at the time of sale announcement,
resulting in time-constant covariate paths:''

PA -k 4 4
EAP ETXIOO Wealth, = In(P" x Q")

Piow s f)h[j h,s . b b
Spread = ”Tg’lx 100 HBid, =1n(Qyy X Bg.,)
where, s : time of sale announcement
P*: asking price, Q": offered volume
Pa

low

. : : b
: lowest asking price, B,

: highest bid price
Oy Outstanding volume of highest bid
B, +PF

1 high low
P : market price defined as % _

We regard as right-censored data those uncompleted sell orders such as
orders cancelled before execution and orders not executed by time of
market close.

""" In fact, most covariates are conceptually time varying with the values changing over time.
For example, EAP changes as the market price changes over time. In this paper, for convenience,
we approximate the time varying covariate path as a constant path with its value fixed at the time
of sale announcement. We do not think generalization to time varying covariates would change the
main results of this paper.
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Regarding the baseline hazard function, #4,(¢), we do not have any
priori restriction on its pattern. To save on the number of parameters to
estimate, we choose a step function with four steps: the first step up to
one minute, the second step between one and five minutes, the third step
between five and ten minutes, and the final step longer than ten minutes.
We assume that the baseline hazard function is constant within each step
but varies across steps. We define three dummy variables D,, D,, and
D, such that D(¢)=1 if ¢ falls in the first interval (0,1], and zero
otherwise; D,(t)=1 if ¢ falls in the second interval (1,5], and zero
otherwise; and finally D;(¢)=1 if ¢ falls in the third interval (5,10],
and zero otherwise. The baseline hazard function can be represented as
follows:

hy (1) = exply, + 7,D,(2) + 1, D,(#) + ;D5 (0)]
=exp[D(®)'7], (6)

where D(t) denotes a vector comprised of a constant and three
dummy variables, and y a vector comprised of all four coefficients.

Using the covariates and the baseline hazard specification, equation (5)
can be written explicitly as

h(t | x) = exp[D(t)'y +x'5]. (7)

where x'0 =0, EAP. + 0, Wealth, + 6, - Spread + 5, - HBid .

The coefficient o, indicates responsiveness of the execution hazard
rate in response to unit change in £4P. We measure the liquidity of an
asset through the absolute value of J,, and estimate it using econometric
duration techniques.

The log survival function can be written as follows:

InS(|x)=- exp(x'5)j; exp[D(w)y]dw. (8)

Since the baseline hazard function is specified as a step function, carrying
out the integration appearing in equation (8) is straightforward.
The dependent variable ¢ (duration) is defined as the elapsed time



KEUNKWAN RYU - HYUN-YEOL SHIN: LIQUIDITY AS PRICE EFFECT ON TIME TO SALE =~ 317

from the point of order (s ) till the point of its execution (s, ):
t=s,-S5. 9)

When a sale order is completed not all at once but in several stages, we
define the sale duration as the volume weighted average of the component
durations:

< o7
t= =)= 10
2679 1o

where m is the number of stages and the s; are those time points
A : A A
when the volumes Q7 are traded, with QO =2Qj and s<s, <...
< Sm ° a

III. DATA AND PRELIMINARY ANALYSIS
1. Data

Data used in this paper consist of high-frequency order-level
transaction information (intra-day, so called tick data) for sixty stocks
listed on the Korea Stock Exchange (KSE) during the period between
January 1, 2003 and December 30, 2003. These data are extracted from
the IFB/KSE database, which is maintained by the Institute of Securities
and Banking at Seoul National University. These sixty sample firms are
Ist through 60th firms in terms of market capitalization in KSE. Financial
statements for these firms are readily available as public information.

Before launching our duration analyses, we first would like to examine
the statistical features of the durations as well as the excess asking prices,
which are the two most important variables in this paper.

2. Excess Asking Price

Table 1 shows the distribution of excess asking price (E4AP) for daily
sell limit orders of six major stocks. The daily average number of sell
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limit orders varies across stocks, ranging from a high of 4,971 for
Samsung Electronics to a low of 1,773 for POSCO. However, the EAP
distribution looks similar across stocks, with about two thirds of the sell
limit orders having EAP less than 0.5%, and about one fifth having E4AP
between 0.5% and 2.0%. Sell limit orders of which the EAP exceeds 10%,
indicating that the sellers do not have active intention to sell, come out to
be less than 2%.

[Table 1] £4P Distribution of Sell Limit Orders for Six Major Stocks

EAPrange| Average” SEallscst‘;Eg Telsffom K‘]’;’;lnl:m POSCO | KEPCO | KT
EAP No. of orders | 3,289 1,311 3,196 1,141 1,354 1,573
<0.5% (S.D.) (855) (450) (1,105) (311) (411) (505)
Composition 66.2 63.1 66.8 64.3 58.4 65.9
0.5%< |No.oforders | 1,099 420 917 337 577 489
EAP (S.D.) (509) (184) (517) (143) (216) (218)
<2.0% | Composition 22.1 20.2 19.2 19.0 249 20.5
2.0%< | No. of orders 365 196 365 176 232 180
EAP (S.D.) (155) (88) (158) (66) (72) (57)
<4.0% | Composition 7.3 9.4 7.6 9.9 10.0 7.5
4.0%< | No. of orders 104 68 139 63 71 59
EAP (S.D.) (49) (35) (57) (30) (28) (23)
<6.0% | Composition 2.1 33 2.9 3.6 3.0 2.5
6.0%< | No. of orders 43 31 66 20 28 26
EAP (S.D.) (24) (19 (37 (1D (14) (13)
<8.0% | Composition 0.9 L5 14 1.1 1.2 1.1
8.0%< | No. of orders 24 18 37 13 17 17
EAP (S.D.) (15) (12) (21) (11) (10) (11)
<10.0% | Composition 0.5 0.8 0.8 0.7 0.7 0.7
10.0%< No. of orders 47 35 65 23 41 45
EAP_ (S.D.) (41) (32) (44) (26) (3%) (37
Composition 0.9 1.7 1.4 1.3 1.8 1.9
Total No. of orders | 4,971 2,079 4,785 1,773 2,320 2,389
Composition |  100.0 100.0 100.0 100.0 100.0 100.0

Note: 1) “No. of orders” is daily average number of sell limit orders over 247 trading days in
year 2003. Figures in parenthesis denote standard deviation over those 247 trading
days.

The six charts in Figure 3 display the intra day movements of EAP for
each of 6 major stocks on January 6, 2003. These smoothed paths are
estimated by the Nadaraya-Watson nonparametric kernel regression
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method. We observe that the average EAP never exceeds 2% for any
stock. What is noteworthy is that with the lapse of time, EAP is clearly
decreasing for each stock, consistent with decreasing duration over time.
This phenomenon may be due to sellers’ strong motivation to increase the
chance of sale execution as the market approaches to closing.

[Figure 3] Intra Day Movement of EAP

SAMSUNG Electronics SK Telecom

540.5 570.5 600.5 630.5 660.5 690.5 720.5 750.5 780.5 810.5 840.5 870.5 540.5 570.5 600.5 630.5 660.5 690.5 720.5 750.5 780.5 810.5 840.5 870.5

Kookmin Bank POSCO
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KEPCO KT

08
06
04 1
02 1

0 0
540.5 570.5 600.5 630.5 660.5 690.5 720.5 750.5 780.5 810.5 840.5 870.5 540.5 570.5 600.5 630.5 660.5 690.5 720.5 750.5 780.5 810.5 840.5 870.5

Note: The x-axis denotes trading time in minutes from market opening at 9:00 a.m. (=540th
minute of a day) to market closing at 2:50 p.m. (=890th minute of a day), and the y-
axis denotes the excess asking price measured in ratio of the market price (%). The
solid and dotted lines are the estimated paths when the smoothing parameter (h) takes

a value of ten minutes and twenty minutes, respectively.
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3. Relationship between EAP and Duration

Earlier, in Figure 1, we argued that an equilibrium relation between the
pair (EAP, E(T)) would be positive. In order to verify existence of that
relationship we examine intra day relationship between EAP and
durations for Samsung Electronics and Hyundai Motors, the two key

|[Figure 4] Relationship between £4P and Duration

THE KOREAN ECONOMIC REVIEW Volume 26, Number 2, Winter 2010

Samsung Electronics
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Note: The x-axis and y-axis depict EAP (in %) and duration (in minutes), respectively.




KEUNKWAN RYU - HYUN-YEOL SHIN: LIQUIDITY AS PRICE EFFECT ON TIME TO SALE 321

stocks on the Korea Stock Exchange. We select three different trading
days - steady, moved upward, and moved downward - to understand the
differences in intra day relationship between EAP and duration under
different market conditions."?

Figure 4 confirms the assertion. We observe that on the day of steady
or upward movements, the positive slope is clearly noticeable, whereas on
the day of downward movement the slope is less marked. The slope
seems to increase as market conditions improve, which is consistent with
the conventional wisdom that liquidity increases with market conditions.

IV. ESTIMATION RESULTS

In this chapter, we report and interpret the estimation results of the
duration model introduced in Chapter II.

1. Parameters

The expected sign of each coefficient is as follows:

0, - EAP + 6, -Wealth + 6, - Spread + 6, - HBid .
Q) ) ) ()

The estimation results are summarized in Table 2 for each of ten major
stocks."”® The results for the remaining 50 stocks are fairly similar as
reported in Appendix 1."

12 Daily rate of returns of KOSPI on August 11(day of steady movement), April 7(day of
upward movement) and September 22(day of downward movement) are +0.06%, +5.00%, and -
4.46% respectively. Daily rate of returns are calculated with reference to closing price of the
previous trading day.

3 Note that we use right-censored as well as complete data for estimating the model. Between
the two types of right-censored data, one may think that right-censored data due to order
cancellation would be different in nature from the ones due to market closing. To account for this,
we also estimated the model excluding the right censored data due to order cancellation and
obtained the basically the same results. The results are available from the authors upon request.

' Since the focus of this duration analysis lies on understanding the responsiveness of duration
to changes in each covariate, the estimation results for the baseline hazard rate hy() > that is, the

results for 77i(i20’1’2’3)’ are not reported here. The estimation results for the baseline hazard

function, are available upon request though.
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Coefficient estimates show the following. First, the key parameter in
this paper, 50 , turns out to be negative without exception, clearly
demonstrating the relationship that when the EAP is higher, the hazard
rate of sale execution gets lower (implying that the expected duration gets
longer). The results are statistically significant."

Not to carry the negative sign, we will use its absolute value, | 50 |,as a
liquidity measure in the sequel and term it ‘liquidity delta’. Liquidity
delta measures the responsiveness of duration to the changes in EAP.

Second, 51 and 32 indicate the influences of offered wealth and
spread, respectively, on the hazard rate of sale execution. We conjecture
that when wealth and spread are large the hazard rate is low, suggesting
negative coefficients. The estimation results, however, are not consistent
with the expectation. These contradictory results might be due to so called
reverse causality in that as market conditions and liquidity improve, both
volume and asking price of a sell limit order increase, generating spurious
positive relationship between the pair (wealth, liquidity) and also between
the pair (spread, liquidity). This kind of reverse causality would dampen
out as one controls for market conditions in our model specification. We
do not explore this line of research in the current paper, and leave it as a
future research. As of now, one may regard “wealth” and “spread” as
playing a role of proxy variables for market conditions in addition to their
own respective roles.

Lastly, 53 captures the degrees of change in the hazard rate in
response to change in priority stand-by buy orders (a measure of buying
pressure). In most cases, 53 comes out to be positive, supporting the

5 To interpret the EAP coefficient estimate 5"0, let us consider the equation “ h(t|EAP=e+1,
other controls) /a(t | EAP = e , other controls) =exp(50) . This equation allows one to quantify the

coefficient estimate in terms of increase in sale execution hazard rate. In relative terms, the
coefficient estimate of EAP for Samsung Electronics (-3.85) is bigger (in absolute value) than that
of Kookmin Bank (-2.94), which means that the increase in sale execution hazard rate arising from
unit decrease in EAP is bigger for Samsung Electronics than for the Kookmin Bank.

In absolute terms, the interpretation for the coefficient estimate of Samsung Electronics (-3.85)
is as follows. A unit increase in EAP leads to a 385 percent (ie. 3.85 times) decrease in hazard rate,
which results in an 3.85 times increased duration. But a unit increase in EAP is unrealistic in
Korean stock market. A reasonable variation in E4P in the Korean stock market is no more than 5
percent (ie., 0.05) as shown in Table 1. Therefore, in the case of Samsung Electronics, a sell limit
order posted at a 5% price margin over the market price suffers from about 19 percent decrease in
its sale execution hazard rate, which results in about 19 percent increase in the expected time till
sale execution.



KEUNKWAN RYU - HYUN-YEOL SHIN: LIQUIDITY AS PRICE EFFECT ON TIME TO SALE 323

claim that the higher the buying pressure is, the higher is the sale
execution hazard rate. The statistical significance, however, is less
pronounced.

[Table 2] Estimation Results of the Duration Model

0, (t-stat.) 0, (t-stat) | O,  (t-stat) 5, (t-stat.)
Samsung |Mean| -3.85 (13.83) | 0.01 (1.15) | 237 (249) | 0.07 (2.09)
Electronics | S.D. | 2.13  (4.09) | 0.08 (0.97) @ 3.66 (3.14) | 0.16 (1.65)
Mean | -3.52 (13.04) | -0.01 (1.49) | -0.09 (2.53) | 0.17 (3.56)
SD.| 204 371)| 008 (1.21) | 208 (2.90) | 0.15 (2.51)
Kookmin |Mean| -2.94 (13.09) | 0.01 (1.08) | 3.02 (3.64) | 0.05 (1.84)
Bank | SD.| 155 (3.65) | 006 (0.87) | 320 (3.38) | 0.12 (1.44)
Mean| -3.08 (13.64) | -0.01 (1.55) | 0.69 (2.83) | 023 (4.29)

SK Telecom

POSCO 15 b | 139 (443) | 008 (1.23) | 868 (3.15 | 020 (2.93)
KEpCco | Mean| 388 (1468) | 001 (163) | 109 (254) 0.9 (395)

SD.| 191 (435 | 007 (1.25) | 2.08 (2.78) | 021 (2.87)
1 Mean| -3.94 (11.92) | 0.00 (7.60) | 3.12 (3.71) | 0.08 (1.99)

SD.| 254  (4.06) | 008 (9.15) | 450 (3.54) | 0.18 (1.51)
Hyundai |Mean| 260 (12.85) | 0.01 (1.16) | 249 (335)|0.06 (2.02)
Motor | S.D.| 138  (3.55) | 0.06 (0.91)| 2.90 (3.15)  0.13 (1.45)
LG Mean| -3.13  (12.96) | 0.01 (1.12) | 3.09 (3.38) | 0.04 (1.85)
Elecronics | S.D. | 1.67  (3.65) | 0.07 (0.92) | 329 (3.26) | 0.13 (1.39)
Samsung |Mean| -2.90 (12.20) | -0.00 (1.21) | 226 (3.32) | 0.12 (2.75)
SDI SD.| 1.52  (4.03) | 007 (098) | 271 (2.91) | 0.17 (2.16)
Shinhan |Mean| -2.56  (13.01) | -0.01 (1.64) | 116 (3.07) | 0.17 (3.51)
Bank SD.| 122 (3.99) | 006 (1.44) | 192 (2.89) | 0.16 (2.37)

Note: Mean and S.D. (standard deviation) are taken over 247 trading days in year 2003.

We conclude that EAP is the single most important factor determining
the hazard rate of sale execution, suggesting the use of liquidity delta as a
liquidity measure.

We admit that the asking price is potentially endogenous. For example,
if sellers ask more as market conditions and liquidity improve, the asking
price becomes an endogenous variable due to reverse causality. To
minimize this endogeneity problem, we adopt EAP (excess asking price)
instead of AP (asking price) as a covariate in our duration model. If
market conditions and liquidity are commonly reflected in both the ask
and the bid prices, EAP is less problematic than either of ask or bid price.
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If we had addressed any remaining endogeneity (reverse causality) in
estimating the model, we should have found even stronger trade-off
(negative relationship) between EAP and the sale hazard rate by stripping
off “spurious positive correlation” between EAP and the sale hazard rate.

Noting that time of day is systematically correlated with EAP as shown
in Figure 3, we may use IV type estimation or joint maximum likelihood
estimation to sort out the exogenous variation in 4P and its effect on
liquidity.'°

2. Parameter Estimates from Alternative Model Specifications

To check robustness of our estimation results, we also estimate
liquidity delta from several other models in which the model specification
is slightly modified from the basic model. The results are summarized in
Table 3.

The first modification is to narrow the range of EAP from
0.2% < EAP<10.0% to 0.2%< EAP <3.0%, It is to make the data set
more homogeneous in terms of E4P. The results show that the estimated
liquidity delta stays similar to that of the basic model.

A high value exceeding 0.96 is obtained for the correlation between the
pair of liquidity deltas, one estimated from the basic model and the other
from the modified model. This high correlation is no surprise considering
that most sell limit orders are concentrated in the £4P range below 3.0%.

In the second and third modified models, to alleviate potential multi-
collinearity problems among covariates, we drop spread and (spread,
wealth) from the list of covariates, respectively. The estimation results are
again basically the same as those of the basic model. Correlation
coefficients between alternative liquidity measures are high as before.

Through alternative model specifications, we have become confident
that the proposed liquidity delta, which indicates the responsiveness of
duration to changes in EAP, is not only conceptually useful but also
statistically robust.

16 According to our estimation, the joint maximum likelihood yields basically the same pattern,

although the estimates are less significant and less robust. Details of the model are deferred to
Appendix 2.
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[Table 3] Robustness Check for Liquidity Delta (| 5, |)

Basic model Alternative models
EAP range 0.2%~10.0% 0.2%~3.0% | 0.2%~10.0% | 0.2%~ 10.0%
Covariates @ &,-EAP @ &,-EAP D 5,-EAP @ 5, .EAP
® 5, - Wealth ® o, Wealth |2 5, - Wealth
® 52-Spread ©) 52-Spread
@ 5,.HBid |@® 5,.HBid |@ ¢&,.HBid |© & HBid
|15,| (t-stat.) |5,| (t-stat.) 15,| (e-stat) | |§,| (t-stat)
Samsung Mean | 3.85 (13.83)| 4.01 (13.85)| 3.92 (14.05)| 3.95 (12.35)
A S.D. | 2.13 (4.09)| 2.23 (4.08)| 2.04 (4.05)| 2.19  (6.04)
Electronics
Correl. 0.97 0.96 0.95
SK Mean | 3.52  (13.04)| 3.73  (13.08)| 3.70 (13.18)| 3.67 (12.73)
Telecom S.D. | 2.04 (3.71)] 2.06 (3.90)| 2.04 (3.64)| 2.08 (3.97)
Correl. 0.97 0.97 0.96
. Mean | 2.95 (13.09)| 3.06 (13.17)| 3.01 (13.17)| 2.83 (12.35)
Kookmin
Bank S.D. 1.55 (3.65)| 1.59 (3.59)| 1.55 (3.71)] 1.53  (9.33)
Correl. 0.99 0.99 0.91
Mean | 3.08 (13.64)| 3.20 (13.73)| 3.12 (13.76)| 3.17 (13.49)
POSCO S.D. 1.39 (4.43)| 1.38 (4.25)| 1.29 (4.35)| 1.50  (4.25)
Correl. 0.99 0.96 0.94
Mean | 3.88  (14.68)| 4.13  (15.04)| 4.07 (15.19)| 4.01 (14.43)
KEPCO S.D. 1.91 (4.35)] 2.05 (4.15)| 1.99 (4.30)| 2.07 (4.25)
Correl. 0.96 0.95 0.93
Mean | 3.94 (11.92)| 4.06 (11.89)| 3.95 (11.92)| 3.88 (10.09)
KT S.D. | 2.54 (4.06)| 2.53 (3.98)| 2.52 (3.80)| 2.52  (5.41)
Correl. 0.99 0.99 0.97
Hyundai Mean | 2.60 (12.85)| 2.75 (1291)| 2.71 (13.02)| 2.67 (12.38)
Motor S.D. 1.38 (3.55)] 1.40 (3.38)| 1.34 (3.20)| 1.38  (4.59)
Correl. 0.97 0.96 0.97
LG Mean | 3.13  (12.96)| 3.25 (13.17)| 3.21 (13.11)| 3.17 (12.00)
. S.D. 1.67 (3.65)| 1.78 (3.60)| 1.75 (3.58)| 1.76  (5.34)
Electronics
Correl. 0.99 0.98 0.98
Samsung Mean | 2.90 (12.20)| 3.02  (12.52)| 2.95 (12.63)| 2.89 (12.24)
SDI S.D. 1.52 (4.03)| 1.65 (3.91)| 1.56 (3.96)| 1.59 (4.25)
Correl. 0.99 0.99 0.98
Shinhan Mean | 2.52  (13.01)| 2.75 (12.83)| 2.70 (12.99)| 2.64 (12.76)
Bank S.D. 1.22 (3.99)| 1.24 (3.77)| 1.19 (3.97)| 1.24  (4.04)
Correl. 0.97 0.96 0.96

Note: Mean and S.D. (standard deviation) are taken over 247 trading days in year 2003.

Correlation is the correlation coefficient between each pair of liquidity deltas, one
estimated from the basic model and the other from each alternative model, across the
247 trading days in year 2003.
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As a final attempt to check the robustness of liquidity delta, we add
unobserved heterogeneity in our model specification. Unobserved
heterogeneity arises from insufficient control for market conditions and/or
behaviors of market participants, which potentially affect the hazard rate
of sale execution. We specify the hazard rate function containing
unobserved heterogeneity, say u, as follows:

h(t | x) = hy(t)exp(x'd +u). (11)
[Table 4] Liquidity Deltas from a Model with Unobserved Heterogeneity
Basic model Unobserve.d Basic model Unobserve?d
Heterogeneity heterogeneity
|5,| (t-stat.) | || (s-stat.) |6, (t-stat) [ |8, | (¢-stat.)
Mean | 3.85 (13.83)] 4.29 (13.46) 394 (11.92) 3.88 (9.76)
Samsung | o 13 @409 270 (5.73)| KT 254 (4.06) 224 (3.60)
Electronics
Correl. 0.86 0.87
Mean | 3.52 (13.04) 3.55 (14.14) 2.60 (12.85) 3.56 (9.75)
SK Hyundai
SD. 204 (371170 (4.34) 138 (3.55)] 2.10 (3.35)
Telecom Motor
Correl. 0.77 0.81
Mean | 2.95 (13.09)] 3.67 (11.57) 313 (12.96) 4.06 (9.67)
Kookmin LG
SD. | 1.55 (3.65)| 2.11  (4.43) 167 365 259 (347
Bank Electronics
Correl. 0.93 0.91
Mean | 3.08 (13.64) 3.51 (13.40) 290 (12.20) 4.10 (8.37)
POSCO | S.D. [ 139 (4.43) 1.58 (5.20) Sa‘;};‘;“g 152 (4.03) 259 (3.52)
Correl. 0.81 0.75
Mean | 3.88 (14.68) 471 (13.69)| 2.52 (13.01) 3.46 (10.05)
KEPCO | S.D. | 191 (435)]223 (5.44) S}}‘Smh;‘“ 122 (3.99) 1.58 (3.48)
an
Correl. 0.86 0.84

Note: Mean and S.D. (standard deviation) are taken over 247 trading days in year 2003.
Correlation is the correlation coefficient between the pair of liquidity deltas, one
estimated from the basic model and the other from the model with unobserved
heterogeneity, across the 247 trading days in year 2003.

The results in Table 4 show that the correlation coefficients between
the pair of liquidity deltas, one estimated from the basic model and the
other from the model with unobserved heterogeneity, are rather high
ranging from a low of 0.75 for the Samsung SDI to a high of 0.93 for the
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Kookmin Bank. This could be interpreted as indicating that, even after
unobserved heterogeneity is allowed for, the estimated coefficients of
EAP do not change much.'”’

3. Alternative Liquidity Measures and Rate of Return

In this section, we first analyze the relationships between our new
liquidity measure and other conventional liquidity measures such as
turnover, bid-ask spread, and then analyze the relationship between the
rate of return and alternative liquidity measures.

Using a panel data set for each of liquidity delta, spread, turnover
across 60 stocks and over 247 business days in year 2003, we run a panel
regression of liquidity delta on stock fixed effects and other liquidity
measures as follows.

Liquidilyél., s =a+ blSpreadl., . +b,T urnover, , +e, (12)

where i indexes stocks (i =1, ..., 60) and d trading days (d =1, ..., 247).
Spread is defined as the daily average of (lowest sell limit price - highest
buy limit price) / (highest buy limit price), and turnover is defined as
(daily traded volume) / (total number of listed shares).'®

If there exists coherency among three alternative liquidity measures, we
expect the coefficient of spread in (12) to be negative and that of turnover
to be positive. The estimation results are reported in table 5. As shown in
the table, the coefficient estimates of spread are significantly negative as
expected, whereas the coefficient estimates of turnover are also
significantly negative against our a priori expectation. These estimation

7" Typical set of assumptions adopted in most models that incorporate unobserved
heterogeneity includes: (i ) the heterogeneity is independent of the observed covariates, as well as
the starting and censoring times; (ii) the heterogeneity has a distribution known up to a finite
number of parameters; and (iii) the heterogeneity enters the hazard function multiplicatively. We
have also adopted these assumptions. In order to describe heterogeneity, Gamma distribution or
discrete distribution is commonly used in the literature. In this paper, we use a discrete distribution
as advocated by Heckman-Singer (1984). Two points of support are used. Details of the model and
the resulting likelihood function are deferred to Appendix 3.

18 Concerning the definition and/or calculation of turnover, it is desirable to take into account
non-floating shares. We do not think, however, it would make much difference to exclude those
non-floating shares in defining the turnover measure.
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results imply that at least in our data either liquidity delta or turnover is
not a good proxy for true liquidity.

[Table 5] Relationship b/w Liquidity Delta and Other Conventional Liquidity

Measures
xplanatory Var. Sp{ead Turriover
Dependent Var. () (b,)
-1.990 (-16.4)™" -0.297 (-26.9)""
Liquidity delta -1.654 (-13.7)""
-0.277 (-27.3)™

Note: 1) Spread is calculated as daily average of (lowest sell limit price - highest buy limit
price) / (highest buy limit price), and turnover rate is calculated as (daily traded
volume) / (total number of listed shares).

2) Figures in parentheses are t-statistics. ***, ** and * respectively denote significance

at 1%, 5% and 10% significance levels

By studying the relationship between the rate of return and each
alternative liquidity measure, we can infer which liquidity measure is
better in terms of capturing illiquidity premium. In the literature, it has
been widely believed that expected market illiquidity positively affects ex
ante excess return, suggesting existence of illiquidity premium. Since
Amihud and Mendelson (1986) first attempted to empirically confirm this
belief, many researchers have succeeded in corroborating the belief."

In order to identify which liquidity measure is most useful among
liquidity delta, spread, and the turnover rate, we separately estimate the
relationship between the rate of return and each alternative liquidity
measure. The regression models are as follows.

Rate of Return, , =c, + B Spread, , +v,,
Rate of Return, , = c, + p,Turnover, , +v,, ,

Rate of Return, , = ¢, + f,Liquiditys, , + v, , (13)

19 See, among others, Hasbrouck and Schwartz (1988), George, Kaul, and Nimalendran (1991),
Brennan and Subrahmanyam (1996), Haugen and Baker (1996), Chalmers and Kadlec (1998),
Datar, Naik, and Radcliffe (1998), Vayanos and Vila (1999), Chordia, Subrahmanyam, and
Anshuman (2001), Amihud (2002), Marshal and Young (2003), Pastor and Stambaugh (2003),
Acharya and Pedersen (2003).



KEUNKWAN RYU - HYUN-YEOL SHIN: LIQUIDITY AS PRICE EFFECT ON TIME TO SALE 329

Table 6 shows the estimation results. As expected, the liquidity delta
shows a negative relationship with the rate of return for each sub period
as well as for the entire period. Against expectation, however, the
turnover shows a positive relationship with the rate of return. The spread
shows a negative, rather than the expected positive, relationship. Among
the three liquidity measures, it is only the liquidity delta which reveals the
expected relationship with the rate of return. Results from the fixed effect
panel models are basically the same.

[Table 6] Comparision of Relationship b/w Rate of Return and Liquidity

Measures
xplanatory Var. Spread Turnover Liquidity delta
Dependent Var. ( ,31) ( ﬁz ) ( ﬁ'3)

Whole year -0.253(-2.20)" | 0.305(18.85)"" | -0.533(-46.19)"
1st Q(62 days) -0.046(-0.23) 0.284(4.76)" | -0.512(-20.23) "
Rthti:rf 2nd Q(61 days) -0.230(-1.04) 0.400(12.35)"" | -0.660(-26.41)""
3rd Q(61 days) -0.810(-3.57)"" | 0.246(6.84)"" | -0.468(-25.33)""
4th Q(63 days) 0.130 (0.49) 0.464(11.61)"" | -0.518(-24.75)""

Note: 1) Turnover is calculated as (daily traded volume)/(total number of listed shares),
spread is calculated as the daily average of (lowest sell limit price - highest buy
limit price)/(highest buy limit price), and the rate of return is calculated with
reference to the closing price of the previous trading day.

2) Figures in parentheses are t-statistics. *** ** and * respectively denote
significance at 1%, 5% and 10% significance levels

[Table 7] Correlation b/w Alternative Liquidity Measures and Rate of Return

Spread vs. Turnover vs. Liquidity delta
Rate of return Rate of return vs. Rate of return
Mean -0.01 0.10 -0.37
Range of Correlation -0.39~0.46 -0.77~0.76 -0.11~-0.68

Note: Each entry in the table is calculated in two steps. First, for each of 247 trading days in
2003, we calculate cross sectional correlation coefficients using data covering 60
stocks. Second, each statistic in the first column is calculated across the 247 trading
days in 2003.

Table 7, based on time series of cross-sectional correlations,
corroborates our findings in Table 6. Liquidity delta shows the expected
negative correlation with the rate of return in a most stable manner,
whereas turnover and spread do not.
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We would like to point out that the suggested liquidity delta, in spite of
its conceptual usefulness, is harder to measure than the traditional
liquidity measures like turnover and spread. Results in Tables 6 and 7,
though, suggest that it is worth to go through the trouble of computing the
liquidity delta as a liquidity measure.

Finally, we would like to carry out extended CAPM type analysis
regressing rates of return on a constant, asset beta, liquidity delta (in
terms of characteristic as well as risk factor), using a cross-section of
assets. Through this analysis we can test whether the illiquidity premium
and liquidity risk premium prevail even after controlling for asset beta
and other characteristics like size and book to market ratio.”® We
constructed the panel regression model as follows;

Rl,t = 90,1' + Hllézz + 92¢?i,t + 93M(L)i,t +v,- (14)

i =sixty stocks, ¢=twelve months, L =liquidity delta,

where R, is monthly excess return relative to the risk-free rate for
month ¢. ,@i’t and ¢fi’t are factor loadings estimated from the two factor
return generating process R, =a,+ SR, ,+¢LMH, +¢,, fitted to the
daily (d ) returns in month 7(R, 1is the excess rate of return of market
portfolio and LMH is the risk factor related to common liquidity).*'
&, 18 an idiosyncratic zero-mean disturbance. M(L),, is monthly
average of daily liquidity deltas calculated for each month. Note that
M(L),, is a proxies for the level of liquidity as a characteristic like size
and B/M ratio of each stock as done in Fama-French (1992).

From the estimation results (Table 8), we confirm the existence of

illiquidity premium (negative sign of M (L)) and liquidity risk premium

2 Equation (14) may suffer from the potential measurement error because the independent
variables are measured with errors. Measurement error arising from generated regressors, causes a
well-known attenuation bias (biasing the estimate toward zero). We are observing significant,
positive effect of liquidity even faced with the attenuation bias. In estimating liquidity delta, we
have used so many transaction records, thus the measurement error arising from the estimated
nature would not be that big.

*' LMH is calculated as R(Low Liquidity)— R(High Liquidity) just like SMB and HML of

the three factor model suggested in the Fama and French (1993). R(Low Liquidity) and
R(High Liquidity) are weighted average rate of return of ten stocks of which liquidity level are

low and high ranking respectively.
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(positive sign of ¢?l.,t ).?> In terms of the significance of coefficients,
however, the degree of liquidity risk premium is weak in comparison with
the degree of illiquidity premium.

[Table 8] Extended CAPM Type Regression Results

Model 1 Model 2 Model 3
B 1.86(1.78)" -0.86(0.85) -1.12(1.08)
é 0.93(1.04) 0.98(1.15)
M(L) -6.14(9.60)"" -6.14(9.63)""
R’ 0.08 0.20 0.20
Obs. 720 720 720

Note: Figures in parentheses are t-statistics. ***, ** and * respectively denote significance at
1%, 5% and 10% significance levels.

V. CONCLUSIONS

In this paper, we regard the responsiveness of sale execution intensity
to changes in excess asking price as an operational measure of liquidity,
and we suggest ways of estimating it using econometric duration
techniques. The new measure builds on the fact that there is a trade-off
between excess asking price and sale execution intensity.

Our new measure is termed “liquidity delta.” For each major 60 stock
listed on the Korea Stock Exchange, the new measure is reliably
estimated without a single exception. Alternative model specifications do
not change the new liquidity measure much. We are confident that the
suggested “liquidity delta” is conceptually useful and statistically reliable
as a liquidity measure.

We examine several features of the liquidity delta for sixty major
stocks in terms of relationship with the traditional liquidity measures such
as turnover rate and bid-ask spread, and correlation with the rate of return.
The main results and implications can be summarized as follows.

First, there is somewhat consistent relationship between liquidity delta
and spread whereas there is no reasonable relationship between liquidity

22 When we control for the size and B/M ratio of each stock as done in Fama-French (1992), the
results are quite similar to the current results. The results are not reported here, but available upon
request.
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delta and turnover rate.

Second, in terms of the relationship between different liquidity
measures and the rate of return, only liquidity delta reveals a steady and
meaningful relationship with the rate of return. These results imply that
the liquidity delta be a superior proxy for liquidity conditions relative to
other existing measures.

We would like to conclude the paper by suggesting four lines of future
research. First, using the framework suggested in this paper, we can
measure liquidity in other markets such as real estate, used cars, and so
forth. Second, our approach suggests a new measure of total liquidity in
an economy as a liquidity weighted market values of assets whereas
existing measures such as M1, M2, and M3 use “all or nothing” weights.
Third, we would like to explore the possibility of using liquidity delta as a
tool of optimal portfolio management. We believe that liquidity risks
should be taken into account for an optimal portfolio management.”
Fourth, we would like to estimate purchase hazard rate as a function of
excess bid price.

2 The bank of international settlement (BIS) emphasizes liquidity risk as well as market risk.
Bangia, Diebold, Schuermann, and Stroughair (1998) model liquidity risk on top of market risk.
They measure liquidity using bid-ask spread.
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APPENDIX

Appendix 1: Estimation Results for Fifty Other Stocks

5‘0 (t-stat.) écl (t-stat.) 5‘2 (t-stat.) 5'3 (t-stat.)
Hyundai Mean -240 (10.86)| -0.02 (0.48) 2.16 (3.55)| 0.06 (0.99)
Mobis S.D. 1.26  (3.70) 0.08 (1.74)| 196 (3.31)| 0.12 (2.13)
. Mean 241 (964 -0.01 (022), 176 (3.52)| 0.06 (0.75)

Woori Bank
S.D. 134  (3.32) 0.08 (1.45)| 1.89 (3.46)| 0.12 (1.79)
Mean -2.18 (1098)| -0.02 (0.52)| 0.58 (1.56)| 0.10 (1.64)

Hana Bank
S.D. 1.08  (3.30) 0.08 (1.95)| 140 (3.63)| 0.14 (2.35)
i Mean 249  (999)| -0.08 (1.18)| 147 (2.78)| 0.13 (1.95)

Shinsegae
S.D. 1.28  (3.38) 0.12 (2.19)| 1.85 (@(3.27)| 0.16 (2.52)
Mean -3.23  (10.17)| -0.02 (0.26)| 2.14 (2.87)| 0.09 (1.30)

KIA Motor
S.D. 1.89  (3.90) 0.07 (1.36)| 335 (3.27)| 0.17 (2.3%)
LG Mean -2.85 (10.11)| -0.03 (0.43), 268 (437)| 0.05 (0.69)
Chemical S.D. 1.62  (3.76) 0.09 (1.63)| 242 (3.93)| 0.13 (249
S-0il Mean -220  (7.75)| -0.08 (1.17)| 1.18 (2.27)| 0.10 (1.08)
S.D. 126  (2.49) 0.11 (1.61)| 1.73 (3.24)| 0.16 (1.84)
Samsung Mean -2.83  (12.29) 0.01 (0.14)| 149 (2.38)| 0.03 (0.28)
Electo-Mech | S.D. 146  (3.45) 0.07 (1.30)| 2.69 (3.30)| 0.11 (2.09)
DSME Mean -2.10 (10.54)| -0.04 (0.79)| 0.82 (1.84)| 0.09 (1.64)
S.D. 122 (3.62) 0.08 (1.86)| 1.85 (3.07)| 0.12 (2.22)
Hyundai Mean -240 (10.01)| -0.05 (0.78)| 1.89 (3.40)| 0.08 (1.13)
H-Indus. S.D. 1.30  (3.40) 0.10 (1.70)| 1.79 (3.27)| 0.12 (1.80)
Mean -2.67 (895 -0.04 (0.70), 2.00 (3.24), 0.08 (1.07)

Koram Bank
S.D. 1.54  (3.72) 0.09 (1.67)| 2.56 (3.54)| 0.15 (2.27)
Daewoo E. Mean -2.13  (8.53)| -0.04 (087), 173 (3.14)| 0.08 (0.73)
& C. S.D. 149  (3.30) 0.14 (2.04)| 349 (3.42)| 0.16 (149
Samsung Mean -3.21 (1047)| -0.01 (0.08)| 3.17 (3.52)| 0.09 (0.85)
Securities S.D. 2.14  (3.71) 0.11 (1.59)| 3.01 (3.15)] 0.23 (2.18)
Hite Mean -3.15  (6.00)| -0.08 (0.69)| 241 (3.22)| 0.09 (0.81)
Brewery S.D. 205  (2.34) 0.19 (1.63)| 2.70 (2.87)| 0.26 (1.77)
Daewoo Mean 217  (9.69)| -0.04 (098) 134 (2.84) 0.05 (0.77)
H-Industry S.D. 1.20  (3.51) 0.07 (1.49)| 1.67 (2.92)| 0.11 (1.64)
Amore Mean -2.56  (6.53)| -0.15 (1.37)| 157 (236)| 0.09 (0.85)
Pacific S.D. 1.70  (2.45) 020 (2.04)| 230 (2.66)| 022 (2.04)
Samsung Mean -3.11 (11.10)| -0.01 (0.02)| 2.80 (3.55)| 0.07 (0.90)
Corp. S.D. 1.96 (3.92) 0.07 (1.32)| 2.63 (3.28)| 0.13 (1.92)
Samsung Mean -3.46 (10.62)| -0.00 (0.04), 1.89 (2.73)| 0.07 (0.67)
H-Indus. S.D. 251 (3.58) 0.07 (1.28)| 3.97 (3.42)| 0.16 (2.01)
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Mean | -3.03  (7.34)| -004 (043)| 249 (2.89)| 0.07 (0.61)

CJ S.D. 185  (2.69)| 0.14 (1.52)| 265 (2.67)| 0.9 (1.71)
Hankook | Mean| -220 (9.66)| -0.03 (0.62)| 190 (3.75) 0.06 (0.95)
Tire S.D. 132 (322)| 0.09 (1.60)| 1.64 (3.20)| 0.12 (1.61)
KAL Mean | -229 (1242)| -0.02 (049)| 1.11 (244) 0.17 (3.05)

S.D. .12 (3.55)] 006 (1.73)] 1.89 (2.99)| 0.15 (2.52)
LG Petro- | Mean| -2.28  (9.11)| -0.05 (0.93)| 113 (2.36)| 0.10 (1.39)

chemical S.D. 115 (3.34)| 009 (2.13)| 174 (3.09) 0.15 (2.31)
Ssangyong | Mean | -2.06 (1027)| -0.04 (0.77)| 149 (324)| 0.06 (0.92)
Motor S.D. 122 (294)| 006 (1.36)| 1.63 (3.59)| 0.10 (1.70)

Mean | -2.54  (7.60)| -0.05 (0.69)| 231 (295 0.07 (0.71)
S.D. 1.64 (3.04)| 0.1 (141)] 520 (2.72)| 0.16 (1.74)

INI Steel

Samsung Mean -2.29 (10.59)| -0.02 (033)| 1.29 (2.26)| 0.07 (1.09)

Techwin S.D. 1.28 (3.44) 0.07 (1.44)| 1.85 (2.62)| 0.13 (2.10)
Hanwha Mean -2.05  (9.28)| -0.04 (0.83) 1.52 (3.16)| 0.07 (1.12)
Petro. S.D. 1.30  (3.21) 0.08 (1.50)| 1.82 (3.27)| 0.11 (1.80)
LG Mean -245 (13.00)| -0.01 (0.13)| 0.16 (1.20)| 0.21 (3.36)
Securities | S.D. 135  (3.15)| 005 (1.44)| 075 (2.06) 0.18 (2.60)
Hyundai | Mean| -256 (7.79)| -0.06 (0.90)| 225 (3.04)| 0.09 (0.97)
Corp. S.D. 1.73  (3.24) 0.11 (1.65)| 4.76 (2.85)| 0.18 (2.06)
S1 Corp. Mean -2.51  (6.10)| -0.12 (1.41), 1.87 (2.59)| 0.10 (0.96)
S.D. 135 (1.99) 0.14 (1.65)| 3.86 (2.71)| 0.17 (1.67)
Cheil Mean -295 (10.51)| -0.02 (0.28)| 132 (1.93)) 0.17 (2.42)
Industry S.D. 1.61  (3.66) 0.09 (1.78)| 2.12 (3.08)| 0.16 (2.07)
Daewoo Mean 277  (9.69)| -0.04 (087)] 231 (3.27)| 0.06 (0.88)
Securities | S.D. 1.82  (320)| 0.08 (1.46)| 247 (3.04) 0.11 (1.64)
Cheil Com- | Mean| -257 (6.76)| -0.17 (143)| 126 (1.72)| 0.15 (1.45)
munication S.D. 1.55  (2.75) 021 (1.96)| 2.12 (247)| 023 (245
) . Mean -3.33  (5.05)| -0.16 (1.03)] 293 (2.53)| 0.08 (0.44)

Sindo-Rico
S.D. 2.11  (1.70) 030 (1.59)| 6.03 (2.26)| 0.29 (1.72)
Anam Mean -2.33  (1045)| -0.04 (0.86)| 1.56 (2.83)| 0.05 (0.77)
Semicond. S.D. .52 (3.11) 0.06 (1.41)| 2.08 (3.14)| 0.10 (1.55)
Mean -3.36  (6.86)| -0.07 (0.81)| 1.53 (1.33)| 0.22 (1.75)

LG Cable
S.D. 178 (275)| 014 (1.56)| 690 (2.36)| 026 (1.95)
Yuhan Mean | -3.70  (5.00)| -0.12 (0.67)| 257 (222)| 0.10 (0.60)
Corp. S.D. 253 (1.89) 0.32 (1.50)| 6.01 (2.01)] 0.29 (1.65)
Hyosung Mean -2.32 (8.12)| -0.07 (1.00), 0.58 (1.05)| 0.19 (2.02)
Corp. S.D. 1.33  (3.12) 0.13 (1.75)| 133 (2.41)] 020 (2.13)
Hanwha Mean -1.98  (7.34)| -0.08 (1.41), 151 (2.78)| 0.07 (0.81)
Corp. S.D. 143 (2.75) 0.10 (1.65)| 1.62 (2.43)| 0.16 (1.54)

Samsung Mean -3.17  (7.32)] -0.08 (0.85)| 1.08 (1.36)| 0.17 (1.57)
Fine Chem. S.D. 1.71  (2.76) 0.13 (1.61)| 197 (2.39)| 0.18 (1.74)
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Hansol Mean -2.71 (7.73) | -0.04 (0.70)| 1.94 (3.17)| 0.06 (0.60)
Paper S.D. 1.92 (299 0.11 (1.46)| 2.11 (3.11)] 0.16 (1.63)
Sambo Mean -2.13  (11.60)| -0.02 (0.49), 2.08 (3.25)| 0.04 (0.70)
Computer S.D. 1.29  (2.98) 0.06 (1.32)| 1.85 (2.67)] 0.09 (1.67)
Mean 290 (420)| -0.21 (1.14)] 273 (1.90)| 0.19 (0.76)

Han Glas
S.D. 2.17  (1.46) 0.37 (1.55)| 3.07 (238)] 0.72 (1.52)
Mean -2.72  (6.14)| -0.10 (0.93)| 2.10 (2.45)| 0.09 (0.80)

Pulmuwon
S.D. 1.96 (2.13) 027 (1.50)| 432 (2.34)] 026 (1.75)
Mirae Mean -2.37 (11.34)| -0.04 (1.22), 1.07 (249) 0.17 (2.81)
Industry S.D. 1.50  (3.03) 0.06 (1.68)| 1.78 (3.23)| 0.16 (2.01)
Pantech Mean -242  (10.74)| -0.05 (0.92), 092 (1.76)| 0.16 (2.59)
Co. S.D. 141  (3.55) 0.08 (1.65)| 1.94 (3.01)] 0.19 (2.86)
Dong A Mean -3.78  (6.72)| -0.09 (095 3.19 (225 0.16 (1.41)
Phama. S.D. 245  (2.67) 0.16 (1.63)| 293 (2.60)| 0.21 (1.87)
Mean -2.14  (7.14)| -0.09 (1.44)| 144 (2.74)| 0.08 (0.88)

Daesang
S.D. 142 (2.65) 0.11 (1.63)| 141 (2.63)] 0.12 (1.45)
Hankuk Mean -3.21 (4.36)| -0.36 (0.80)| 6.52 (1.79)| 0.15 (0.69)
Paper S.D. 3.05 (2.06) 337 (1.57)| 3.85 (2.17) 1.81 (1.83)
Lotte Mean -4.61 (448)| -047 (197)| 4.60 (1.73)| 0.86 (0.89)
Samgang S.D. 3,56 (2.11) 336 (1.38)| 544 (1.79) 1.31 (1.75)
SK Mean -2.76  (5.66)| -0.10 (1.09) 1.77 (2.09)| 0.09 (0.67)
Chemical S.D. 2.15  (2.16) 0.18 (1.52)| 5.09 (2.39)| 027 (1.57)

Note: Mean and S.D. (standard deviation) are taken over 247 trading days in year 2003.
Appendix 2: Model with Endogeneity in EAP

EAP variable might be endogenous. We may use time of the day(7")
for each transaction (measured in minutes since market opening) as an
instrumental variable for EAP. Time of day satisfies both conditions to be
qualified for an IV: correlated with E4AP, but not correlated with any
unobservable variables causing changes in sale transaction hazard rate. To
utilize this idea, we may apply joint MLE, where
(1) hazard rate is modeled as it is now with an additional term of u,,

(2) add another equation determining EAP, say

EAP=y,+y,(T)+y,(T)+u,+&, &~ N(0,06°),

¢ 1is independent of (u,,u,)



336 THE KOREAN ECONOMIC REVIEW Volume 26, Number 2, Winter 2010

Note that the endogeneity nature of EAP variable can be picked up
through the correlation between u, and u,. We model (u,,u,) as a
bivariate discrete distribution with two points of support each. Let u,
take values u,, and u,,, and let u, take values u,, and u,,. For level
identification, we need to impose one restriction on each of u, and u,.
Put restrictions of u,, =u,, =0. Specifically, the joint distribution of
(u,,u,) 1s as follows:

(u,,u,)=(0,0) with probability of 1/(1+exp(w,,)+exp(w,,)+exp(w;,)),
(u,,,0) with probability of exp(w,,)/(1+exp(w,,)+exp(w,,)+exp(w,,)),
(0,u,,) with probability of exp(w,,)/(1+exp(w,,)+exp(w,,) +exp(w,,)),
(u,,,u,,) with probability of exp(w,,)/ (1+exp(w,,)+exp(w,,)+exp(w,,))

Once modeling is finished, one may apply a joint MLE to the (7, EAP)
pair using the following joint density function calculated in steps:

Step 1: Characterize f(T,EAP|u,,u,)= f(EAP|u,,u,)* f(T| EAP,u,,
u,), where f(EAP|u,,u,)= f(EAP|u,) 1is just a normal density
function and f(T | EAP,u,,u,)= f(T | EAP,u,) is basically the same as
in the text other than that u, is added.

Step 2: Once you characterize f(T,EAP |u,,u,), compute its expected
value with respect to (u,u,) to obtain f(T,EAP)=E, , f(T,EAP|
u,u,) . Using the joint MLE, you estimate parameters (w,,,w,,,
w,,,U,,,U,,) together with other parameters in the text.

Appendix 3: Model with Unobserved Heterogeneity

The hazard rate function containing unobserved heterogeneity, say u,
is specified as follows:

h(t|x)=hy(t)exp(x'd +u).

In this paper, we model the heterogeneity term u as a discrete random
variable having two points of support. Let u; be those support points,
and p, the corresponding probabilities (j=1,2). It is convenient to
reparametrize p; as follows:
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- exp(q;)
2 exp(q,)

Naturally, p, takes a value between 0 and 1 without any restriction

on the g, except for a restriction, say ¢, =0, which arises from the

2
condition Z p;=1.
j=1
Regarding the level normalization of the hazard rate function, we let
the baseline hazard function pick up the level, and accordingly put one
restriction on each of the covariate and heterogeneity: excluding a
constant term from the covariates and imposing the restriction u, =0.
From the relationship f(¢|x)=h(¢|x)S(¢|x), a likelihood value for a
complete spell “#” can be derived as follows:

flx)=E f(t|x,u) =ij -h(t|x,uj)exp[—joth(r|x,uj)dr},

where A(t|x,u;)=exp[D(t)'y+x'6+u,] with D(t)y and x'6 being
the same as defined earlier. A likelihood value for a right-censored spell
“¢£’ can be computed similarly as follows:

St | x) =EuS(z\x,u)=ZZ:pj -exp[—_[olh(r\x,uj)dr}.
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