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factors in Fama-French model. 

The correlation between OFL and ILLQ is -0.46, which goes with the same 
direction as the correlation between the order-flow liquidity measure and the 
illiquidity measure. This negatively moderate correlation coefficient reveals that OFL 
and ILLQ capture different dimensions on the liquidity risk. The negative correlation 
is reasonable because that the abstract return is used in the ILLQ factor, and the 
reversal effect is expected when constructing the OFL factor. Due to the correlation 
between the two factors is in moderate level, we should be cautious to include both 
factors in the same pricing equation. 

OFL risk factor has positive correlation (0.07) with the return on market index. 
The sign of the correlation goes with the same direction as C, R and S(2001) and 
M,B,G and M(2005) found in US and Spain Market.  

5 Asset Pricing and Systematic Liquidity Risk Factor 

This sector investigates whether or not the systematic liquidity factor is priced 
properly in the Taiwan’s stock market, and whether the risk-adjusted expected return 
is related to the sensitivity of the liquidity factor. If the systematic liquidity shock or 
illiquidity factor is priced independently of the Fama-French factors (MKT, HML, and 
SMB) in the Taiwan’s market, then stocks with greater risk should earn higher risk 
premium. As a result, there should be relation between Jensen’s alpha and the 
systematic liquidity beta..  

The asset pricing model employed to form different portfolio is the Fama-French 
3 factors (MKT, HML, and SMB) plus the systematic liquidity shock factor (OFL), or 
the systematic illiquidity factor (ILLQ) as shown in below. 
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The quantities in equation (14) and (15) are: the dependent variable ri,t – rf,t 
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denotes the excess return of assets i. The risk factors are as follows: the MKT denotes 
the market risk premium, the HML denotes the different return between higher and 
lower book-to-market value stock, the SMB denotes the different return between 
larger and smaller size stock, the OFL denotes the innovation of the market-wide 
order-flow liquidity measure, and the ILLQ denotes the market-wide illiquidity 
measure. 

It will be necessary to construct the deciles portfolios sorted by different 
dimensions to test whether or not there are systematic differences in the risk-adjusted 
average returns. Pastor and Stambaugh (2003) find that risk-adjusted return of stock 
with higher sensitivity to OFL is larger than those with lower sensitivity. The 
difference is 7.48% annually after Fama-French 3 factors and OFL (liquidity shock 
factor) is considered. They interpret the systematic return difference between the 
highest and the lowest predicted-liquidity-beta portfolio as the average liquidity risk 
premium existing in the US stock market from 1966 to 1999. On the other hand, 
according to Martı´neza, Nieto, Rubio, and Tapia (2005), OFL (liquidity shock factor) 
has negative return difference in the Spanish market from 1993 to 2000, implying that 
OFL is not correctly priced. However, ILLQ (illiquidity factor) is priced in the 
Spanish market and has significant illiquidity risk premium in quantities of 54.20% 
annually after adjusted by Fama-French 3 factors and ILLQ factor. 

In the Taiwan’s stock market, systematic liquidity shock and illiquidity factors are 
both priced and have significant risk premium after adjusted by market risk, size effect, 
value stock effect, and liquidity shock factor, or illiquidity factor. Both the two 
premiums go with the same sign as previous papers. 

5.1 Portfolio Formation and Preliminary empirical 

evidence 

In order to study the application of those systematic liquidity measures to the 
Taiwan’s stock market, we sort portfolios by historical OFL beta, historical ILLQ beta, 
and market capitalization (size) respectively. Each individual stock existing in that 
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month is employed to construct the 10 sorted portfolios. 

5.1.1  Sorted by Historical OFL Beta 

The portfolio formation period is 3 years, and the formation criterion is historical 
OFL beta. At the end of each year from 1994 to 2006 we should run the Fama-French 
3 factor plus OFL factor model (regression 14) for the previous 36 monthly 
observations of Taiwan’s stock market data to estimate the historical stock’s OFL beta, 
which is the slop of OFL on the asset pricing model. Each individual stock existing in 
that month is identified in the appropriate portfolio according to their estimated 
historical liquidity betas at the end of the specific year. Portfolio OFL10 is composed 
of stocks with the largest historical OFL beta, and portfolio OFL1 is composed of 
stocks with the smallest historical OFL beta. The componential stocks in the ten 
portfolios are re-sorted at the end of each year. All the portfolios contain 
approximately the same number of stocks in each month. 

The returns of ten portfolios are computed as value-weighted returns4 in the 
following equation: 
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5.1.2  Sorted by Historical ILLQ Beta 

The sorting procedure is similar to the procedure of historical OFL beta. The 
formation period is still 3 years, but the formation criterion is the historical ILLQ beta. 
At the end of each year from 1994 to 2006, Fama-French 3 factors plus ILLQ factor 
model (regression 15) should be employed for the previous 36 monthly observations 

                                                 
4 The usage of value-weighted portfolio fits in with real market return and confirms with the TAIEX 
market index portfolio. On the other hand, the usage of equally-weighted portfolio has a shortcoming of 
overreaction to the size effect. Nevertheless, the result for value-weighted portfolio is nearly identical 
with equally-weighted portfolio in the study by Pastor and Stambaugh. 
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to estimate the historical ILLQ beta of specific stock. Portfolio ILLQ10 is the monthly 
market-weighted average return, which is composed of stocks with the highest ILLQ 
beta. The ten portfolios are re-sorted at the end of each year.  

5.1.3  Sorted by Market Capitalization 

In empirical investment studies, market capitalization, which is used as a proxy 
of size, is a common criterion to sort the portfolios due to the fact that the statistics 
and properties are usually different across size. In addition, size is one of the 
indicators that investors would use to examine a stock’s liquidity. Due to the above 
reasons portfolios are sorted by market capitalization to examine OFL, ILLQ, and the 
other properties.  

In order to construct 10 portfolios by size, individual stock existing in that month 
is cataloged in the fitting portfolio according to its market capitalization at the end of 
each year from 1992 to 2006. MV10 is the portfolio which contains stocks having 
largest size. 

5.1.4  Preliminary empirical evidence of sorted 

portfolios 

The summary statistics of sorted portfolios according to different sorted measures 
are presented in Table IV. Not surprisingly, higher volatilities come along with higher 
average returns. In general, stocks in the OFL10 portfolio have both higher volatility 
and higher average return. This condition is the same in the ILLQ1 portfolio, and in 
the MV1 portfolio. It displays interesting phenomena between different portfolios.  

OFL 10, the portfolio constituted by securities with highest positive OFL beta in 
the previous formation periods, has largest average return and volatility among ten 
portfolios across estimated period. It is important to notice that OFL is a proxy 
measure to capture market liquidity shock. Therefore it implies that securities with 
highest sensitivity to market liquidity shock would have highest average return. In  



26 

TABLE IV 
Summary Statistics for Sorted Portfolios 1992-2007 

 OFL1 OFL2 OFL3 OFL4 OFL5 OFL6 OFL7 OFL8 OFL9 OFL10

 Average Return 0.0048 0.1027 0.6575 0.3087 0.1990 0.7848 1.6339 1.1126 1.1087 1.2859 
 Volatility 7.7782 7.2783 8.2028 8.8084 6.6098 7.9896 7.6522 7.8022 7.9177 8.9362 

OFL BETA -0.6105 -0.3072 -0.2325 -0.1437 -0.1338 -0.0640 -0.0274 0.1020 0.3668 0.7766 
Market Capitalization 987 1757 1094 1346 1936 1387 1324 1229 1220 845 

 ILLQ1 ILLQ2 ILLQ3 ILLQ4 ILLQ5 ILLQ6 ILLQ7 ILLQ8 ILLQ9 ILLQ10

 Average Return 1.2384 1.3558 0.9658 0.5773 0.9232 0.4473 1.0333 0.5050 0.0951 -0.5484 
 Volatility 9.1287 9.7701 8.1841 8.4328 8.2259 7.1970 8.1197 6.8731 7.1768 7.4378 

ILLQ BETA -0.2383 -0.1780 -0.1324 -0.1183 -0.0899 -0.0247 -0.0019 0.0261 0.1099 0.2785 
Market Capitalization 983 1154 1189 1498 1419 1114 1572 1216 1061 1317 

 MV1 MV2 MV3 MV4 MV5 MV6 MV7 MV8 MV9 MV10

 Average Return 1.9153 0.9362 0.8914 1.3367 0.6625 1.0479 0.6488 0.8320 0.8237 0.6504 
 Volatility 9.1827 8.4224 7.8582 8.1842 8.1202 7.9685 8.0474 7.8342 7.6295 7.6906 

Market Capitalization 109 184 250 326 421 551 764 1127 1991 11035 
Note : Portfolios are constructed during the formation periods (previous 36 months), and each stocks is identified to specific

portfolio. Then, the average return, beta, and the market capitalization from different portfolios are computed during  

estimated period.  

order words, OFL 10 has larger exposure to liquidity shock, so it is required to 
compensate higher return.  

On the other hand, ILLQ is a measure to capture market illiquidity factor. The 
quantity of ILLQ would increase if market becomes more illiquid. ILLQ1 is the 
portfolio composed with highly negative ILLQ beta stocks, which reveals that when 
market becomes more illiquid, stock’s return within ILLQ1 would decrease more than 
other portfolio’s constituent stocks. Hence the constituent stocks in ILLQ1 can be 
regarded as the most illiquid stocks, and ILLQ1 is required to compensate higher 
return due to it is most illiquid. 

The small-firm effect is obviously shown in Table IV. Portfolio MV1 
(smallest-firm portfolio) has higher return and higher volatility than MV10 
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(largest-firm portfolio). Market capitalization is monotonically increasing from 109 to 
11,035 Taiwanese thousand dollars across 10 portfolios due to the size-sorted way.  

Small-size firms are dominant in OFL extreme portfolios. It shows that market 
capitalization is one of the dimensions that firms would be influenced by market-wide 
liquidity shock. Smaller firms tend to have stronger effect (both in positive and 
negative way) to liquidity shock. In other words, required returns of small stocks tend 
to change larger when market-wide liquidity alters unexpectedly. In illiquidity beta 
sorted portfolio, smaller firms are also dominant in ILLQ1. This implies that 
smaller-capitalization stocks might be more illiquid. Those findings are similar with 
traditional image for small firm stock. 

The next section reports the detail of liquidity asset pricing model according to 
the liquidity beta (OFL) and the illiquidity beta (ILLQ) sorted portfolios. 

5.2 Liquidity Asset Pricing Model 

In order to investigate whether or not the liquidity risk factor is priced in the 
Taiwan’s stock market, different risk-factor pricing models are employed to examine 
the sorted portfolios’ returns during the estimated period. The alpha difference 
between extreme portfolios is important to mention. If alpha is systematically and 
significantly different between extreme portfolios, the liquidity or illiquidity factor is 
priced in the Taiwan’s market, and the alpha difference is regarded as average risk 
premium. 

The 4-factor model (Fama-French 3 factors plus OFL or ILLQ risk factor model), 
Fama-French 3 factor model, and CAPM model are employed to estimate the 
portfolios’ alpha, the post-ranking liquidity betas, and the corresponding significance. 
These models are run for monthly returns from January 1995 to December 2007. 

Table VI, Table VII, and Table VIII respectively report OFL-beta-sorted 
portfolios, ILLQ-beta-sorted portfolios, and size-sorted portfolios. The corresponding 
t-statistics are below in italics.  
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5.2.1  Liquidity Premium：Alpha in OFL portfolio 

Table VI shows that OFL beta increases from -0.0054 to 0.0132 across portfolios. 
It is consistent with the sorting of OFL historical-liquidity-beta portfolios. Not only 
liquidity risk beta increases along with the sorting, market risk beta also increases with 
the sorted portfolios. This suggests that portfolio with higher OFL beta inclines to 
expose higher systematic market risk.  

The most important to mention is the difference in alpha between OFL10 minus 
OFL1. It is significantly positive in quantity of 1.591% per month in 4 factor model. 
Consistently, alpha difference is significantly positive in Fama-French 3 factor model 
and CAPM model. The “OFL10 - OFL1” spread shows that it is expected to earn the 
spread from an arbitrage portfolio, which is to long OFL10 (constituent stocks have 
highly positive historical-OFL-beta) and to short OFL1 (constituent stocks have 
highly negative historical-OFL-beta) at the same time. This arbitrage strategy would 
have an overall-period positive liquidity beta of 0.0187, and generate positive liquidity 
risk premium in 1.59% for each month, that is equal to 20.84% yearly. This result is 
similar to the finding by Pastor and Stambaugh (2003), however the annual liquidity 
premium in the Taiwan’s stock market is much higher than that in the US market 
(7.48%).  

The significant premium provides sufficient evidence to confirm that the stock 
with higher historical OFL beta tends to have higher post-ranking liquidity beta and 
higher expected risk-adjusted return. OFL is trying to measure the market-wide 
liquidity shock. The premium for the market-wide liquidity shock is positive, in the 
case that stock which has higher sensitivity to market-wide liquidity shock usually 
offers investors higher expected return to compensate them to exposure more liquidity 
risk. As a result, the evidence of systematic difference supports the hypothesis that 
OFL liquidity risk factor is priced in the Taiwan’s stock market, and its risk premium 
is significant in the level of 20.85% annually. 

 

 







5.2.2 Illiquidity Premium：Alpha in ILLQ portfolio 

Similarly, the asset pricing of portfolios sorted by historical ILLQ betas is 
presented in Table VII. It is shown that ILLQ beta increases from -0.0323 to 0.0144 
across the sorting, however market risk beta decreases with the sorted portfolios.  

The alpha difference between ILLQ10 minus ILLQ1 is significant in quantity of 
-3.2261% per month after Fama-French 3 factors and illiquidity factor are considered. 
Besides, the alpha difference is consistently significant under Fama-French 3 factor 
model, and CAPM model. The difference liquidity beta is also positive in 0.0467. The 
positive spread between ILLQ1 and ILLQ10 suggests an arbitrage strategy to long 
ILLQ1 (highly negative historical-ILLQ-beta) and meanwhile to short ILLQ10 
(highly positive historical-ILLQ-beta). This arbitrage strategy would provide positive 
arbitrage profit of 3.2261% per month, which implies that annual premium would be 
equal to 32.53%. In the Spanish market, Martı´neza, Nieto, Rubio, and Tapia (2005) 
report the illiquidity risk premium is significantly priced at 54.20% per year. This 
illiquidity risk premium in the Taiwan’s stock market is priced as well, but it has lower 
risk premium than in the Spanish market.  

This result confirms that stock with highly negative historical-ILLQ-beta, such as 
the constituent stock in ILLQ1, tends to have highly negative post-ranking liquidity 
beta and higher expected risk-adjusted return. Otherwise stated, security with more 
negative exposure to market illiquidity status would sharply lower the expected 
returns when market face adverse liquidity condition, that is market become more 
illiquid. Thus, this kind of security is more illiquid than others, and is expected to 
provide higher expected return to compensate more exposure to illiquid risk. The 
arbitrage portfolio suggests hold the most illiquid stocks and short the most liquid 
stocks for ten years, and it would generate positive profit. To sum up, the evidence in 
the Taiwan’s stock market supports that ILLQ illiquidity risk factor is priced, and its 
average risk premium is 32.53% annually. 
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Table VI and Table VII already provide ample evidences that alpha differences 
are significant between extreme portfolios. We further check the relationship between 
liquidity beta and the corresponding alpha. Figure 3 plots the coordinate figure of 
Jensen’s alpha against the systematic liquidity beta according to OFL-sorted portfolios. 
Figure 4 plots the relevant result of ILLQ-sorted portfolios.  

If liquidity factors are not priced independently from the existing risk factors, 
there should be no relation between Jensen’s alpha and the liquidity beta. In the below 
figures, the relationship between alpha and liquidity beta are prominent. Especially in 
the ILLQ-sorted portfolios, the negative relationship between ILLQ beta and Jensen’s 
alpha is at 99% significant level. This proofs that the liquidity risk factor (OFL) and 
the illiquidity factor (ILLQ) are priced independently from market risk, size-effect, 
and value-effect risk in Taiwan. 
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5.2.3  Alpha in Size portfolio 

Size-sorted portfolio is exhibited in Table VII. Based on the “Preliminary 
Empirical Evidence of Sorted Portfolios” section, market capitalization can be 
regarded as one of the dimensions to capture the influence by market-wide liquidity 
shock and illiquidity condition.  

It is interesting to mention liquidity factor’s attributes in the size-sorted portfolios. 
Not surprisingly, smaller stocks are more sensitive to market-wide liquidity shock, as 
a result they have larger OFL beta. The OFL beta decreases across portfolios (from 
0.0097 to -0.0001), revealing that stocks with larger capitalization tend to have less 
sensitivity to market liquidity shock. Larger-capitalization stocks are less liquidity 
risky because that the prices of larger stocks are less likely to be influenced by the 
fixed amount of order flow. The finding is equivalent to Pastor and Stambaugh 
(2003)’s result. In their paper the smallest portfolio has the biggest OFL beta.  

Except for the liquidity factor, other risk factors have significant beta. The market 
factor is significantly positive between extreme portfolios. HML and SMB factors are 
significantly negative between extreme portfolios. This reveals that smaller stocks 
have smaller sensitivity to market risk factor, but larger exposure to HML and SMB 
risk factor. Then, larger market-capitalization stocks tend to have higher systematic 
market risk, lower book-to-market ratio related risk, lower size-related risk, and lower 
liquidity risk. 

The “MV10-MV1” spread, which applies a strategy to long larger-size stocks 
while to short smaller stocks, would have a negative OFL beta -0.009, but positive 
ILLQ beta 0.0236. The alpha difference between the two extreme portfolios is 
consistently negative in 4 factor model, Fama-French 3 factor model, and CAPM  
(-0.06%, -0.13%, and -0.05% respectively). The spread of Jensen’s alpha is not as 
significant as those in OFL and ILLQ-sorted portfolios, and the pattern is also 
different. Alphas of the size-sorted portfolios shake up and down over ten portfolios 
having no apparent pattern. Generally, in size-sorted portfolios, the premium for 
liquidity risk rocks.  
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It seems that market capitalization is not priced under this method in the Taiwan’s 
stock market. The size-investment strategy, long smaller firm and short larger firm, 
could not provide significant profit in statistic view. Hence, the profit made by trading 
small-firm effect might be caused by trading the liquidity shock or the illiquidity 
characteristic unintentionally. 

In summary, Table VIII exhibits the comparison between the US market, the 
Spanish market, and the Taiwanese market. It is displayed that both of the two 
liquidity factors, OFL (systematic order-flow liquidity shock) and ILLQ (systematic 
illiquidity), are priced and have significant risk premium in the US and Taiwanese 
stock market. However, in the Spanish market, only the illiquidity condition factor, 
ILLQ, is priced. The market liquidity shock factor, OFL, is not priced and has 
negative premium, which is not apply to the theory.  

TABLE VIII 
Result Comparison with Other Markets 

  US's  market Spanish market Taiwanese market
 Jan.1966-Dec.1999 Jan.1993-Dec.2000 Jan.1995-Dec.2007 

 Market-wide liquidity 
Mean of measure -0.0300  - -0.0020  

 Liquidity Shock Premium 
Premium(%) 7.48* -13.37  20.84* 

Significance(p-value) 0.0006 0.0320  0.0199  
 Market-wide illiquidity 

Mean of measure - 0.0167  0.0268  
 Illiquidity Premium 

Premium(%) - 54.2* 32.53* 
Significance(p-value) - 0.0000  0.0002  

Note: The annual risk premiums are reported in level of percentage. The numbers of the US market 

are from Pastor and Stambaugh (2003), and the numbers of the Spanish market are from Martı´neza, Nieto, 

Rubio, and Tapia (2005). 
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Besides, the levels of premium are different according to different markets’ 
characteristics. In Taiwan, liquidity shock premium is much larger than in US, which 
reveals that Taiwan’s stocks are expected to compensate more to market liquidity 
shock than the well-developed market. In contrast, illiquidity premium is smaller in 
Taiwan than in Spain. It might be caused by the investigation period of Taiwanese 
market is longer, hence, the quantity of premium would be smaller. Also, different 
characteristics in the Spanish market might explain the reason of prominent risk 
premium.  



 




