
A Comparison of the Efficacy of Liquidity,
Momentum, Size and Book-to-Market Value Factors

in Equity Pricing on a Heterogeneous Sample:
Evidence from Asia

BY BRUCE HEARN

This paper compares the size and book-to-market value factors of Fama and French (1993)
alongside Momentum of Jagadeesh and Titman (1993) with two Liu (2006) liquidity factors
formed from 1 year rebalancing and 1 month rebalancing respectively. A heterogeneous and
comprehensive sample of the top blue chip stocks of all national Asian equity markets with
further differentiation undertaken between sub samples formed for Japan only and Asia
excluding Japan for period January 2000 to August 2014. Our empirical results suggest
that multifactor time invariant pricing models based on augmented capital asset pricing
model (CAPM) framework are ineffective in explaining the cross section of stock returns
in the presence of significant inter and intra-market segmentation. However an alternative
model specification based on a time varying parameter specification and using same sets of
factors yields significant enhancements in explaining cross section of stock returns across
universe. We find that momentum factor largely lacks significance while a time varying
two factor model, based on CAPM plus liquidity factor, is optimal. The liquidity factor
being that of Liu (2006) and annually rebalanced. Our findings are important for investment
managers seeking appropriate factors and modelling techniques to hedge against risks as
well as firm’s financial managers seeking to reduce costs of equity capital.
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I. INTRODUCTION

The capital asset pricing model (CAPM) has generated a considerable literature
since its initial formulation by Sharpe (1964) and Lintner (1965) with the ba-
sic single factor model being extended through its augmentation with additional
valuation factors purporting to enhance its ability to explain the cross section of
stock returns in a given universe. These typically include returns-based factors
capturing cross sectional differences in size and accounting book to market value
(Fama and French, 1993), momentum (Jegadeesh and Titman, 1993, 2001) and
more recently liquidity (Pastor and Stambaugh, 2003; Liu, 2006). An individual
stock or portfolio’s association with these aggregate factors is then simply inter-
preted as their coefficients in a time series regression (Black, Jensen and Scholes,
1972) where the model intercepts or alphas are expected to be zero (Merton,
1973). The inclusion of such additional factors within an extended CAPM based
framework is subject to debate with adherents arguing of the impact on investor
welfare arising from these necessitating compensatory premiums to be attributed
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to these underlying factors (see Liu, 2006 for detailed discussion). On the contrary
authors such as Lakonishok et al. (1994), Daniel and Titman (1997) and Daniel
et al. (2001) assert that such pricing anomalies associated with these factors are
related to inefficiencies in the way markets incorporate information into equity
prices. Despite this controversy there is a general consensus regarding the impor-
tance of additional factors within a multifactor format – be this expressed through
an intertemporal capital asset pricing model (ICAPM) of Merton (1973) or the
arbitrage pricing model format of Ross (1976). However the question of whether
equities priced with these factors are better priced using local domestic or inter-
national market universes is enduring (see Karolyi and Stulz, 2003). This is due
to unresolved quandaries over segmentation given the fundamental importance of
notions of asset market integration that underscore asset pricing theory. As such
we are motivated to differentiate between contrasting multifactor asset pricing
models yielding varying explanatory power of the cross section of stock returns
while taking account of inherent segmentation within multi-country universes.

Recent research testing the efficacy of asset pricing models within the context of
segmentation has been undertaken by Hou et al. (2010). This focussed on the dif-
ferentiation between contrasting multifactor asset pricing models formed through
the augmentation of single factor CAPM with Fama and French (1993) size and
book-to-market value alongside a variety of cash-flow factors between individual
domestic universes and a global counterpart formed from the 49 constituent mar-
kets. A key limitation in the employment of an array of factors based on firm’s
cash flow balance sheet items is the availability of data within a broader emerging
economy sample, such as across a wider Asian regional universe. Furthermore a
body of recent research suggests liquidity to be a likely candidate factor for consid-
eration in standard asset pricing models. Pastor and Stambaugh (2003) develop a
multifactor pricing model including a simple volume-based liquidity metric while
Liu (2006) finds evidence that a two factor liquidity augmented CAPM better ex-
plains the cross section of stock returns than either the unitary CAPM or the Fama
and French (1993) three factor (henceforth FF3F) models. Furthermore Jagadeesh
and Titman (1993, 2001) find evidence of price-based momentum performance
factor in yielding robust explanation of cross section of stock returns while Carhart
(1997) further developed this into the joint inclusion of momentum factor on top
of FF3F. A principal limitation in all these studies is their almost exclusive focus
on the single country setting of US equity market. Following on from these de-
velopments our first contribution to the literature on application of pricing models
within a multi-country setting is in the differentiation between single factor CAPM
to its augmented counterparts where these are based on FF3F, Carhart (1997) four
factor (4F) augmenting FF3F with momentum, and two factor liquidity models
of Liu (2006) where these use two rival liquidity factors: one based on an annual
rebalancing and holding period, and the other based on monthly rebalancing.

Our second contribution to the literature arises from our relaxing the
time-invariant constraints on parameters estimated within standard multi-factor
augmented CAPM frameworks and allowing for parameter coefficients to



Asset Pricing Evidence from Asia 255

stochastically vary over the duration of sample period. This follows a number
of applied studies using such time varying parameter asset pricing models based
on Kalman filter such as Brooks et al. (1998) in studying a sample of Australian
industry portfolios, and Hearn (2010) studying four South Asian equity markets,
namely India, Pakistan, Bangladesh and Sri Lanka. These studies are generally
constrained in terms of sample time frames and geographic scope. Consequently
our use of Kalman filter time varying parameter methods is an attempt in im-
plicitly taking account of intra-sample segmentation (both intra and inter-market)
within a universe and structural breaks in underlying data series. Furthermore
our application of such methods across a broad and comprehensive Asian sample
alongside sub-samples based on single country (multiple market) of Japan and
Asia-excluding Japan is an explicit attempt in taking account of segmentation.

Our geographic focus on the Asian region is largely justified by this region be-
ing a centre to a large, well developed investment management industry primarily
centred on the developed markets of Singapore, Hong Kong, Japan and Australia
while the region itself is broad with national markets ranging from amongst the
smallest worldwide (e.g., Maldives, Laos and Cambodia) to some of the largest
(such as Tokyo, Singapore and Hong Kong). It is also institutionally diverse with
prominent religions including Orthodox Christianity (Armenia), Islam (Maldives,
Pakistan, Bangladesh and Indonesia), Hindu (India), and Buddhist (Thailand,
Laos, Cambodia) while many societies informal institutional structure is com-
munitarian and feudal in nature centring on extended familial groups (Claessens
et al., 2000). Formal institutions are almost invariably inherited from European
colonial metropoles where these provide the institutional frameworks supporting
the establishment and sustainability of stock markets – including their regulation,
accounting and reporting standards and the enforcement of these. Thus this region
provides an excellent laboratory for the study of segmentation and optimal choice
of valuation factors for inclusion in multifactor pricing models.

Our findings reveal very little statistical support for time-invariant asset pricing
models in general. The expectation of regression intercepts equalling zero is
violated to a high degree as is evident from extremely high F-statistics arising from
application of Gibbons, Ross and Shanken (1989) (henceforth GRS) statistical
test to ascertain likelihood of the intercepts from a number of test asset portfolios
jointly being equal to zero. The extremely high value of F-statistics also precludes
the use of such GRS methods as a means to differentiate between rival multifactor
models. This very high level of rejection of time invariant parameter models is also
a prominent feature of literature with similar results reported by Fama and French
(1993) in US market and Hou et al. (2011) in a global study of 49 countries.
However in contrast the application of Kalman filter time varying parameter
methodology to augmented multifactor CAPM framework points towards the
efficacy in information criterion terms (Aikaike Information Criterion, AIC) of
two factor liquidity augmented CAPM – with the liquidity factor being that of the
1 year rebalanced and 1 year holding factor. Finally we find very little evidence of
a priced momentum factor with this almost wholly lacking statistical significance
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in a time-invariant context while models including this in a time-varying context
have generally lower AIC information criterions. This is in contrast to the evidence
of Rouwenhorst (1998) and Griffin et al. (2003) where some support for this factor
was found in international samples.

We proceed as follows. The next section outlines the institutional differences
across the Asian region and the implications arising from these on liquidity – an
important state variable central to our study – and then elaborates on the liquidity
metric we use (namely that of Liu, 2006). Section III outlines data procurement and
sample universe formation alongside a detailed elaboration of factor mimicking
portfolio construction. Section IV outlines the time invariant parameter and time-
varying models while Section V details the empirical results. The final section
concludes.

II. INSTITUTIONAL ARRANGEMENTS SUPPORTING STOCK
MARKETS ACROSS ASIA

INSTITUTIONAL ARRANGEMENTS

Asia’s informal institutions are generally communalistic and communitarian in
nature with this commonly reflected in a propensity of feudalistic systems centred
on large extended families and clans (Claessens et al., 2000). The communitarian
nature of societies is also reinforced through the dominant religions across the
region with these being Islam (see Kuran (2005) for discussion of communitar-
ian nature of Islam), Buddhist and Taoist, Hindu and both Orthodox Christian
(Armenia) and Roman Catholic (Philippines). However all countries across the
region, with sole exception of Thailand and Japan, inherited formal institutions
from former European colonial metropoles, while Thailand extensively borrowed
English common law governance institutions from neighbouring Malaysia and
Japan actively sought the reformation of its indigenous governance institutions at
the turn of 19th century thus transplanting European and mostly German civil code
law institutions (DiMaggio and Powell, 1983; La Porta et al., 2008). This is also
evident from the first column in Table 1. A fundamental part of this transplanta-
tion of European origin institutions has been the absorption of indigenous Asian
societies of both formal Western state governance structures alongside as well as
the assimilation of additional institutional structures such as the Western organiza-
tional definition of the corporation (Kuran, 2009). This entails not only the notion
of joint-stock company but also related notions of double entry accounting book
keeping, limited liability, minority investor property rights (Kuran, 2009) and firm
governance structures closely related to the choice of finance: be this equity or
debt, internal or external, relationship-orientated bank or external capital market.

Modern financial institutions, such as banks and capital markets are wholly de-
pendent themselves on equitable government regulation and prudent supervisory
authorities. Furthermore their establishment is often the result of either coercive
isomorphic institutional pressure, through concerted action of colonial metropoles
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or more recently through actions by international financial institutions IMF, World
Bank and regional development banks), such as structural adjustment programs, or
through mimetic isomorphic institutional pressures by indigenous public sectors
and states seeking to alleviate uncertainty through the adoption of well recog-
nized structures that maintain conformity (amongst competing states worldwide)
in structure of formal economic and political apparatus. This conformity or stan-
dardization is particularly important in states, and financial sectors established or
reformed by the state, competing for scarce foreign portfolio and direct investment.
An immediate consequence of this conformity drive in the adoption of Western
formal institutions has been the establishment of stock markets across the Asian
region as well as the universal adoption of Western corporate organizational form.
However the degree of successful assimilation of these into the deeper sociologi-
cally defined informal institutions within indigenous societies varies considerably
across Asia. This differential in adoption and adaption is equally reflected in vary-
ing levels of regulation and surveillance, differences in accounting standards and
auditing as well as legal and regulatory enforcement of standards. Collectively
these issues define varying transactions costs between and within equity markets
across the region. Transactions costs are themselves reflected in liquidity (Liu,
2006; Pastor and Stambaugh, 2003).

These differences in regulation and supervision are evident in column 2 of
Table 1. Here detail is provided of the regulatory and supervisory structures in
place across Asia where these vary from regulatory oversight provided by central
banks in countries such as Philippines, Fiji, Vietnam and Armenia to dedicated
securities and exchange commissions in countries such as Malaysia, Singapore,
South Korea, and Australia and New Zealand. Formal government Ministries of
Finance also have supervisory duties as in the case of Indonesia, China, Cambodia
and India which is a more direct link into the political apparatus of indigenous
nation states.

Differences in permissible separation of ownership from control (as achieved
through ownership diversification) are visible across the region in columns 3
and 4 of Table 1. These detail the listing requirements for all equity markets
and reveal substantial differences ranging from minimum requirements of the
number of stipulated shareholders with an emphasis on diversification to explicit
diversification provisions in the form of minimum percentage divestiture upon
listing. Furthermore considerable differences in financial reporting, accounting
and auditing performance are also apparent with these varying considerably from
very small markets in fledgling transition economies such as Laos and Cambodia
to large developed “world” markets such as Tokyo, Hong Kong, Australia and
Singapore.

In all these differences represent very real differences in transactions costs
between national equity markets across Asia where these in turn are mirrored
in liquidity. This underscores our focus on liquidity in the remainder of this
paper.



Asset Pricing Evidence from Asia 271

LIQUIDITY CONSTRUCTS

A key feature of heterogeneous multi country samples such as the Asian region
is the considerable institutional differences between markets which is reflected
in their size and activity and ultimately liquidity. Consequently a direct result
of this heterogeneity from a sample comprising large developed markets such
as Tokyo alongside fledgling exchanges such as Laos, Cambodia and Maldives
is the inapplicability of high frequency measures of liquidity (Goyenko et al.,
2011). Furthermore volume based measures such as turnover are susceptible to
misrepresentation where these record high levels of liquidity in financial crises
or periods of uncertainty that are in reality accumulated masses of sell orders of
investors exiting market. An additional problem limiting the choice of potential
liquidity estimators is a lack of trading data in many smaller markets rendering
measures such as the Amihud (2002) price-impact metric inestimable. A further
pertinent issue is the documented “freezing” of market activity by Easley and
O’Hara (2010) where trading activity is effectively “frozen” with no buy nor sell
orders. Easley and O’Hara argue this to be the result of severe uncertainty rendering
trader unable to rank investment opportunities by expected utility and value.
Inability to rank infers an inability to participate in markets due to uncertainty.
The multidimensional construct of Liu (2006) is one of the few liquidity estimators
capable of handling these issues. Here freezing is represented in terms of a lack
of trading volume – captured in the measure.

The Liu (2006) measure is defined as LMx which is the standardized turnover-
adjusted number of zero daily trading volumes over the prior x months (x = 1, 6,
12) i.e.

LMx =
[

(Number of zero daily volumes in prior x months)

+1/x month turnover

Deflator

]
21x

NoT D
(1)

where x month turnover is the turnover over the prior x months, calculated as the
sum of the daily turnover over the prior x months, daily turnover is the ratio of the
number of shares traded on a day to the number of shares outstanding at the end
of the day, NoTD is the total number of trading days in the market over the prior
x months, and Deflator is chosen such that,

0 <
1/(x month turnover)

Deflator
< 1 (2)

for all sample stocks1. Given the turnover adjustment (the second term in brackets
in first expression), two stocks with the same integer number of zero daily trading
volumes can be distinguished: the one with the larger turnover is more liquid.
Thus, the turnover adjustment acts as a tie-breaker when sorting stocks based

1Following Liu (2006) a deflator of 11,000 is used in constructing estimates for LM1.
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on the number of zero daily trading volumes over the prior x months. Because
the number of trading days can vary from 15 to 23, multiplication by the factor
(21x/ NoTD) standardizes the number of trading days in a month to 21, which
makes the liquidity measure comparable over time. LM1 can be interpreted as the
turnover-adjusted number of zero daily trading volumes over the prior 21 trading
days, which is the approximate average number of trading days in a month. The
liquidity measure, LMx is calculated at the end of each month for each individual
stock based on daily data. Daily data is available for all markets across the sample
period.

III. DATA

SAMPLE SELECTION

Our final sample is formed from a series of screening stages firstly at the
market-level and then in terms of data availability at an individual stock-level.
As such we initially include all stock markets across Asia where data is avail-
able. Our definition of Asia is broad and extends beyond the MSCI definition2

of “developed” – that focuses on Singapore, Hong Kong and Japan and “emerg-
ing” – that focuses on China, Indonesia, Malaysia, South Korea, India. As such
we also include Australia, New Zealand and the Pacific territories of Fiji and
Papua New Guinea. We also include very small markets recently established in
Laos and Cambodia and markets established in transition economies of Vietnam,
Mongolia alongside “frontier” South Asian markets of Bangladesh, Sri Lanka,
Pakistan and Nepal. In addition we include former soviet central Asian markets of
Armenia, Azerbaijan and Kazakhstan. However data was completely unavailable
from Kyrgyzstan and Uzbekistan despite the presence of small national markets
in both countries3. We also extend our Asian universe to include Indian Ocean
territories of Maldives, Seychelles, Mauritius and Oman. Data limitations from
Bloomberg alongside wholesale omission from Datastream caused our dropping
of Nepal, where only 1 month of data was available, and Azerbaijan owing to
incompleteness and omissions.

We then select stock-level data from the major blue-chip index constituent lists
available in Datastream (as outlined in Appendix Table 4) while we selectively
access data from similar blue-chip index constituents from Bloomberg where
data was unavailable in Datastream. In this latter case we obtained lists of stocks
constituent to blue-chip indices from national stock exchanges and then selectively
downloaded data from Bloomberg. Only in the case of Maldives was data obtained

2MSCI definitions are sourced from MSCI website http://www.msci.com/products/indexes/country_
and_regional/dm/.
3Stock exchange websites in both Russian and English are available in both countries how-
ever there is no capacity to download comprehensive market data on an individual stock ba-
sis. Kyrgyzstan stock exchange website is: http://www.kse.kg/ while its Uzbek counterpart is at:
http://www.uzse.uz/new/main/main.asp. This compounds the lack of data from Bloomberg and Datas-
tream underscoring their omission from further study.
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direct from national stock exchange. We use the stocks constituent to blue-chip
indices as these conform to international investors “investability” requirements, in
terms of marketability and accessibility (foreign ownership restrictions) of these
assets while at the same time avoiding the thorny issue of imposed bias from
pre-screening stocks based upon pre-determined minimum price criteria. This
price pre-screening is evident in the study of Hou et al. (2011) focussing on a
worldwide sample of 49 countries. The use of blue-chip index constituent stocks
also conforms to international asset diversification assumptions regarding inter-
market asset market integration, which is essential in the CAPM methodology,
and thus avoids issues regarding intra-market segmentation which is particularly
prevalent in emerging stock markets. Finally we also include the major market
in countries where there are more than one market present. This is the case
in Vietnam where the Ho Chi Minh stock exchange is larger and has a more
international orientation than its Hanoi-based counterpart as well as in Bangladesh,
where Dhaka forms the basis of our analysis and we omit the regional market of
Chittagong, and Pakistan, where we focus on Karachi, omitting regional markets
such as Islamabad and Lahore. This is also true in India where we focus on Bombay
stock exchange – although the blue-chip index we use captures the largest and
most liquid firms from across India. However we do include the developed regional
markets in Japan outside Tokyo, namely Osaka, Nagoya, Fukuoka and Sapporo
and both Chinese exchanges, Shenzen and Shanghai.

We select a sample time frame from January 2000 to August 2014 with a view
that while being relatively short it is reflective of the period within which many
emerging and frontier markets were established and adopted conventional data
dissemination and financial reporting. We screen our sample to include ordinary
shares only – and omit preference shares, warrants, convertibles, REITs, closed-
end funds, exchange traded funds and depository receipts. Furthermore we adopt
stock screening techniques of Ince and Porter (2003). Firstly any return above
300% that is reversed within one month is treated as “missing” – i.e., if Rt or Rt-1

is greater than 300%, and (1 + Rt)*(1 + Rt-1) − 1 < 50%, then both Rt and Rt-1

are set to “missing”.
Following Hou et al. (2011) we ensure accounting ratios are known before

returns and thus match the end of year financial statement data for year t-1 with
monthly returns from July of year t to June of year t + 1. We use the inverse of the
“market-to-book-ratio” (see Appendix Table 2) in Datastream and similarly the
inverse of “Market_Capitalization_to_BV” in Bloomberg to calculate the Book to
Market Value ratios. In addition size is defined as the market value of equity at the
end of June of year t, while momentum (Mom) for month t is the cumulative raw
return from month t – 6 to month t – 2, skipping month t – 1 to mitigate the impact
of microstructure biases such as bid-ask bounce or non-synchronous trading.

Summary statistics for all Asian markets, including Nepal, Kazakhstan, Ar-
menia and Azerbaijan, Fiji and Papua New Guinea that are omitted from further
study, are provided in Table 1. These reveal marked differences in liquidity and
trading statistics across Asian markets. Generally bid-ask spreads are lowest for
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the prominent developed markets of Tokyo, Australia, Hong Kong and Singapore,
where these are typically under 2%, and rise dramatically to the smaller, more
peripheral frontier markets of Fiji, Armenia, Kazakhstan and Seychelles, where
this is typically in excess of 30%. It is notable that Fiji and Seychelles as well
as Papua New Guinea and Maldives use continuous auction trading systems in
markets that are severely constrained by the very limited economy – hemmed in
by a combination of geographic remoteness and the limited land territory of the
islands within which they are situated (see Hearn and Piesse, 2010 for discussion
on constraints facing very small exchanges). However more generally the evi-
dence supports some co-movement between the proportion of daily zero returns
measure and the multidimensional Liu (2006) 1 year ranking metric. Markets
with high daily zero returns (i.e., price rigidity) also have characteristically high
illiquidity reflected in multidimensional Liu metric. This provides some support
for the assertion in Liu (2006) that the metric goes some way in capturing a lack
of minority investor trading due to the costs of informational asymmetry between
firm insiders and minority outside investors. A final observation is that the average
levels of percentage free float co-move to a degree with daily zero returns and
Liu (2006) liquidity measures – namely that higher liquidity appears related to
higher aggregate proportions of free float. An explanation for this would likely
focus on elevated institutional protection for minority shareholder property rights
also facilitating external finance and capital market development thus leading to
elevated liquidity owing to increased participation of minority investors in capital
markets. We omit from further study the markets of Nepal and Azerbaijan owing
to the lack of availability of data while Fiji is omitted owing to a five year gap in
trading due to political instability. Armenia, Kazakhstan and Papua New Guinea
are omitted owing to their significant segmentation with rest of Asia and erratic
time series returns structure – reflected in returns in excess of 1,000%, which
is a function of markets severe illiquidity leading to sudden unprecedented price
movements.

FACTOR MIMICKING PORTFOLIO CONSTRUCTION

In order to study the influence of factors such as size (market capitalization),
book to market value, momentum, and liquidity on the variation of Asian stock
returns, we follow Fama and French (1993), Liu (2006) and Hou et al. (2011) in
constructing returns-based proxy factors based on zero-investment portfolios that
go long in stocks with high values of a particular characteristic (such as book to
market value, momentum or liquidity) and short in stocks with low values for that
characteristic. Our ultimate goal is to employ the time-series regression approach
of Black, Jensen and Scholes (1972) which has been applied first by Fama and
French (1993) and then more widely across the literature with recent applications
such as Liu (2006) in assessing the practical pricing implications arising from self-
constructed liquidity metric. In this approach the excess returns on test portfolios
are regressed on the returns of various candidate factor mimicking portfolios
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(hereafter FMPs). The time series slopes have interpretations of their being factor
loadings or factor sensitivities, thereby facilitating our judgement as to how well
various combinations of these FMPs can explain the average returns across a wide
variety of portfolios.

As we use an array of characteristics – namely the size and book to market
value of Fama and French (1993), the momentum of Jagadeesh and Titman (1993)
which is also incorporated into models alongside size and book to market value
by Carhart (1997), and liquidity of Liu (2006) we form our FMPs using two
distinctive techniques. The first relates to the formation of 25 quintile portfolios
using a two-stage sorting process first sorting stocks into five portfolios based on
their size, each of which is further sorted in a second stage by book to market
value of each stock. At each of the two stages any stocks with missing values
of size or book to market value are omitted as are stocks with negative book to
market values. FMPs relating to size are formed from average returns on small size
portfolio minus those on big size portfolio (also termed as SMB or size factor) and
separately high book to market value portfolio minus low book to market portfolio
(also termed as HML factor). It is important to note that portfolio rebalancing takes
place annually in June of each year – in accordance to Fama and French (1993)
and Hou et al. (2011). SMB and HML factors are formed from value-weighted
returns.

In contrast both momentum and liquidity use 10 decile portfolios with stocks
ranked and sorted across portfolios based on their momentum, defined as cumula-
tive return over preceding six months, or liquidity, which is defined in preceding
section following procedures outlined in Liu (2006). The FMP for momentum
is formed following Jagadeesh and Titman (1993) six-month/six-month strategy,
whereby each month’s return is an equal-weighted average of six individual strate-
gies of buying the winner decile portfolio and selling the losing decile portfolio,
with rebalancing occurring monthly4. In order to minimize the bid-ask bounce ef-
fect, we skip one month between ranking and holding periods when constructing
momentum FMP. Momentum FMP is formed from equal-weighted returns.

In terms of the formation of liquidity FMP and stocks are first ranked according
to their respective Liu (2006) liquidity metrics. These are sorted into 10 decile
portfolios with the liquidity FMP formed from returns difference between high
illiquidity decile portfolio and low illiquidity decile portfolios. At this stage we
proceed into the contrasting formation of two respective liquidity FMPs based
on the frequency of rebalancing. The first assumes a simple annual rebalancing
taking place in December of each year – in line with the Fama and French (1993)
procedure. The second assumes a monthly rebalancing with the ultimate FMP

4For example the momentum FMP return for January 2001 is 1/6 of the return spread between the
winners and losers from July 2000 through November 2000, 1/6 of the return spread between winners
and losers from June 2000 through October 2000, 1/6 the return spread between winners and losers
from May 2000 through September 2000, 1/6 of the return spread between winners and losers from
April 2000 through August 2000, 1/6 of the return spread between winners and losers from March
2000 through July 2000, and 1/6 of the return spread between the winners and losers from February
2000 through June 2000.
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returns formed from the averages across each of twelve annually held liquidity
FMPs with these having been formed through monthly rebalancing – which is
similar to the method employed for the momentum portfolio of Jagadeesh and
Titman (1993)5. This was also employed as a robustness check in Liu (2006).

Evidence of the stock sorting process across all ten decile portfolios, based
on a sort from the Liu liquidity 1 year metric, is provided in Table 3. This is
limited on the Asia overall universe for brevity, while similar profiles are available
from authors from Asia excluding Japan and Japan only universes. The findings
reveal that there is a distinct bias implicit in the stock sorting process at a regional
level where stocks from only a handful of constituent markets feature in the low
illiquidity D1 decile, notably Australia, New Zealand and Singapore, while a
similarly geographically skewed profile exists for the high illiquidity portfolio,
D10. In this latter portfolio the smaller regional Japanese markets, such as Osaka,
Fukuoka and Nagoya feature prominently alongside Pakistan, Mauritius and a
wide dispersion of illiquid stocks drawn from across the region.

This geographic skewness to profiles of the extreme profiles (upon which the
valuation factors are based) is also evident across 1 month rebalanced liquidity
portfolios, momentum and the Fama and French (1993) size and book-to-market
portfolios as evident in Table 4. This evidence alone points to likely problems
with regards segmentation inherent to the formation of valuation factors based on
portfolio sorting process across a widely dispersed geographic regional universe.

Decisions regarding the suitability and optimality of CAPM-based models aug-
mented with certain valuation factors and not others proceeds from the evidence
presented in Table 5. Here descriptive statistics regarding each of the valuation
factors reveals that while their average returns over the sample period are gener-
ally low, there is considerable variation in the standard deviations of these returns.
Furthermore most factors are statistically different from zero – albeit at a low
p � 0.10 level of significance. Jarque-bera non-normality tests, as with skewness
and kurtosis test statistics reveal that several of the factors returns series deviate
substantially from ideal statistical Normal distributions. However deviations of
this size are anticipated in such a broad, diverse sample encompassing all of Asia.

5Using monthly rebalancing for an annually constructed liquidity measure with annual holding pe-
riods the monthly liquidity factor return for January 2005 (for example) is formed from 1/12 of the
return spread between high liquidity ranked stocks and low liquidity ranked stocks for January 2003
through January 2004 (with the subsequent decile portfolios held annually), 1/12 of return spread
between high and low liquidity stocks for February 2003 through February 2004, 1/12 of return spread
between high and low liquidity stocks for March 2003 through March 2004, 1/12 of return spread
between high and low stocks for April 2003 and April 2004, 1/12 of return spread between high and
low liquidity stocks for May 2003 through May 2004, 1/12 of return spread between high and low
liquidity stocks for June 2003 through June 2004, 1/12 of return spread between high and low liquidity
stocks for July 2003 through July 2004, 1/12 return spread between high and low liquidity stocks for
August 2003 through August 2004, 1/12 the return spread between high and low liquidity stocks for
September 2003 through September 2004, 1/12 return spread between high and low liquidity stocks
for October 2003 through October 2004, 1/12 return spread between high and low liquidity ranked
stocks for November 2003 through November 2004, and 1/12 return spread between high and low
liquidity ranked stocks for December 2003 through December 2004.
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More generally correlations are low between all factors while they are highly
statistically significant. This mitigates concerns over multicollinearity from their
joint inclusion into multifactor models while also providing some insight into
the uniqueness of each factor in not being closely related to other factors nor
to common underlying trends in data series. Furthermore autocorrelations are
minimal too. Finally the evidence regarding the intrinsic differences between the
highest and lowest illiquidity-sorted decile portfolios (D1 and D10) is provided in
panel 4. This in turn reveals substantial differences between the constituent stocks
within each portfolio which provides some support for their employment in the
liquidity valuation factor formation.

IV. MODELS

TIME INVARIANT PARAMETER AUGMENTED CAPM FRAMEWORK

The standard capital asset pricing model (CAPM) of Sharpe (1964) and Lintner
(1965) states that excess returns on a stock or portfolio of stocks are positively
related to those of the market. Formally this is stated in expected returns:

E(rpt ) − rf t = βM [E(rmt ) − rf t ] (3)

where rpt is the returns on a portfolio p of stocks at time interval t, rmt is the returns
on market portfolio and rf t the risk free rate. This can be rearranged and estimated
by OLS regression:

rpt − rf t = αi + βM (rmt − rf t ) + εi t (4)

where αi is the constant, or Jensen alpha, βM is market coefficient and εi t is an
independently identically distributed (iid) disturbance term.

Following Fama and French (1993) the one factor CAPM can be further aug-
mented with expected returns attributable to size and book-to-market effects:

E(rpt ) − rf t = βM [E(rmt ) − rf t ] + βSMB E(SMB) + βHML E(HML) (5)

where the additional SMB and HML terms are the size and book-to-market factors.
This can be rearranged and estimated by OLS regression:

rpt − rf t = αi + βM (rmt − rf t ) + βSMBSMBt + βHMLHMLt + εi t (6)

Following Carhart (1997) and Hou et al. (2011) we augment this three-factor
Fama and French model with momentum (Mom):

E(rpt ) − rft = βM [E(rmt) − rft] + βSMB E(SMB) + βHML E(HML)

+βMom E(Mom) (7)

where the additional Mom term is momentum factor. This can be rearranged and
estimated by OLS regression:
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rpt − rft = αi + βM (rmt − rft) + βSMBSMBt + βHMLHMLt

+βMom Momt + εi t (8)

Liu (2006) introduces a two-factor liquidity model with the single factor CAPM
being augmented by an additional liquidity (illiquidity) factor (ILLIQ):

E(rpt ) − rf t = βp[E(rmt ) − rf t ] + βIlliq E(ILLIQ) (9)

which in turn can be operationalized through OLS methodology into:

rit − rft = αi + βi (rmt − rft) + βIlliqILLIQt + εit (10)

Finally we include all factors, namely size, book-to-market value, momentum
and liquidity on top of the market factor which in terms of expected returns can
be expressed as:

E(rpt ) − rf t = βM [E(rmt) − rft] + βSMB E(SMB) + βHML E(HML)

+βMom E(Mom) + βIlliq E(ILLIQ) (11)

which in turn can be operationalized through OLS methodology into:

rpt − rft = αi + βM (rmt − rft) + βSMBSMBt + βHMLHMLt

+βMomMomt + βIlliqILLIQt + εit (12)

where the variables are described above and εit is an independently identically dis-
tributed (iid) disturbance term. The model is estimated using time series Ordinary
Least Squares (OLS) techniques, following Black, Jensen and Scholes (1972), in
line with Fama and French (1993); Pastor and Stambaugh (2003); and Liu (2006).
The expectation is that the Jensen alpha should not be statistically different from
zero given the theoretical relationship between an individual portfolios expected
returns and those of the market (Markowitz 1959). However, Scholes and Williams
(1977) found that using standard OLS resulted in beta estimates that are biased
downwards for securities infrequently trading and upwards for those traded more
often. Dimson (1979) also found the beta estimate is inefficient in thinly traded
stocks and proposes a correction technique based on the aggregation of betas from
lagged and leading regression coefficients. Dimson and Marsh (1983) propose a
second correction technique, which uses a trade-to-trade method measuring and
matching returns between individual stocks or portfolios and the market index
between the times of the last trades in successive months. The use of standard
OLS here follows the work of Pastor and Stambaugh (2003), Liu (2006) and
Martinez (2005) who use these techniques extensively in their studies involving
multifactor CAPM models capturing liquidity effects. However the limitations of
standard OLS must be taken into account particularly when applied to the smaller
and significantly less liquid markets such as Philippines and Indonesia.
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In addition to our standard time-series study of parameter coefficients attributed
to various factors for a single market universe – namely the aggregate Asian
universe, we also assess the performance of all the time series models in explaining
returns of first the 25 size and book to market value quintile portfolios and then the
10 decile liquidity portfolios, formed through the stock sorting process across three
consecutive universes: aggregate Asia, Asia excluding Japan and then Japan only
(including all the regional Japanese markets and Tokyo). We judge each model by
the Gibbons, Ross and Shanken (1989) (hereafter referred to as GRS) F-test for
the hypothesis that the intercepts are jointly equal to zero across the test assets
of interest. It is notable that this methodology is that unconditional and ignores
potential time variation in the premiums. Further limitation is that it ignores that
slope coefficients may vary over time. While Harvey (1991), Chan et al. (1992),
Ferson and Harvey (1993, 1994) amongst others have proposed time varying
conditional asset pricing tests we develop our study through the application of the
Kalman filter time varying parameter methodology to asset pricing models in the
next section to address this limitation.

TIME VARYING PARAMETER AUGMENTED CAPM FRAMEWORK

Following Brooks et al. (1998) the time varying parameter equivalent of the
linear CAPM uses the Kalman filter and relies on the notion of state space to
estimate the conditional constant term and market beta of the multifactor CAPM.
This is represented by an observation equation and a transition or state equation,
that in combination express the structure and dynamics of a time varying system. A
state space model is specified where an observation at time t is a linear combination
of a set state variables, which compose the state vector at time t. Assuming the
number of state variables is m and the (m x 1) vector is θ t then the observation
equation can be represented by:

yt = ztθt + μt , μt ∼ N
(
0, σ 2

μ

)
(13)

where zt is assumed to be known (m x 1) vector, and μt is the observation
error, which is assumed to be normally distributed with zero mean. The set of
state variables is defined from the minimum set of information from past and
present data and future values of time series are completely determined by the
present values of the state variables (the Markov property). The state space model
incorporates unobserved variables and estimates them with the observable model,
in imposing a time varying structure of the CAPM beta. The conditional betas are
estimated using the following observation equation:

rit = αt + βKalman
it rMt + si

KalmanSMB + hi
KalmanHML + mi

KalmanMom

+ zi
KalmanILLIQ + εt , εt ∼ N (0,�) (14)
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where Rit and RMt are the excess returns on the individual portfolio and market
portfolios at time t and εt is disturbance term. The exact form of the transition
equation depends on the form of stochastic process the betas are assumed to
follow and in this case a simple random walk is imposed as outlined in Brooks
et al. (2000). The transition equation is defined:

αK alman
it = αK alman

it−1 + ηαt, ηαt ∼ N (0, Q) (15)

βK alman
it = βK alman

it−1 + ηβt, ηβt ∼ N (0, Q) (16)

sK alman
it = sK alman

it−1 + ηst, ηst ∼ N (0, Q) (17)

hK alman
it = hK alman

it−1 + ηht, ηht ∼ N (0, Q) (18)

mK alman
it = mK alman

it−1 + ηht, ηht ∼ N (0, Q) (19)

zK alman
it = zK alman

it−1 + ηht, ηht ∼ N (0, Q) (20)

Together equations 14 and the combination of 15 to 20 constitute a Kalman
filter state space model. However, a set of prior conditional values are necessary
to forecast the future value expressed as:

αK alman
0 ∼ N

(
αK alman

0 , P0
)

(21)

βK alman
0 ∼ N

(
βK alman

0 , P0
)

(22)

sK alman
0 ∼ N

(
sK alman

0 , P0
)

(23)

hK alman
0 ∼ N

(
hK alman

0 , P0
)

(24)

mK alman
0 ∼ N

(
mK alman

0 , P0
)

(25)

zK alman
0 ∼ N

(
zK alman

0 , P0
)

(26)

Brooks et al. (1998) cite that this technique uses the first two observations
to establish the prior conditions and then recursively estimates the entire series
providing conditional estimates of zK alman

it , mK alman
it , βK alman

it , sK alman
it , hK alman

it
and αK alman

it .

V. EMPIRICAL RESULTS

TIME-INVARIANT EMPIRICAL RESULTS – SINGLE AGGREGATE ASIAN MARKET UNIVERSE

Evidence from the factor coefficients, associated t-statistics and adjusted R2

for a range of augmented CAPM-based models is provided in Table 6 and 7.
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The former (Table 6) focuses on 25 size book-to-market quintile portfolios as
the test assets, while the latter (Table 7) focuses on liquidity sorted decile (10)
portfolios. The universe is Asia overall, although similar results are fund across
Asia excluding Japan and Japan only universes.

The findings from Table 6 reveal that across the universe of 25 size, book-
to-market sorted constituent portfolios, the Fama and French (1993) three factor
model (henceforth FF3F) yields the best results in terms of explaining the cross
section of stock returns. The FF3F has a higher R2 than comparable single factor
CAPM models while also importantly having a reduced statistical significance
associated with Jensen alpha’s across all 25 models. It is notable that a four factor
(4F) augmented model, including the momentum factor, yields no discernable im-
provement over the FF3F model, while the coefficients associated with momentum
factor almost wholly lack statistical significance at any confidence margin. A final
observation is that while both two factor liquidity augmented models (first with 1
year rebalanced measure and second with 1 month rebalanced measure) lack the
explanatory power of preceding models, such as FF3F or 4F, that the coefficients
associated with the 1 month rebalanced measure almost wholly lack statistical
significance across all 25 quintile portfolios. This would infer that of the two
liquidity-based models the 1 year rebalanced model yields superior explanatory
power in contrast to its 1 month rebalanced counterpart. However to sum up – and
the evidence from 25 quintile sorted portfolios alludes to the superiority of FF3F
model.

The evidence from Table 7 reveal that the single factor CAPM is poor in
terms of the majority of decile time series regressions having statistically signif-
icant Jensen alpha terms and yielding markedly lower R2 than any other class
of model. FF3F models yield a considerable reduction in statistical significance
of Jensen alpha term and increase in R2 across all decile portfolios. This is also
true of 4F (FF3F plus momentum factor) models although notably the beta coeffi-
cients associated with momentum factor almost wholly lack statistical significance
with the sole exception of highest (D10) illiquidity portfolio. There is equally a
marked contrast in the performance between the two two-factor liquidity models
i.e., the 1 year rebalancing factor and 1 month rebalancing factor. The former
yields elevated R2 and reduced significance of Jensen alpha terms while the lat-
ter (1 month rebalancing) generally yields lower R2 explanatory power and has
a greater number of constituent regressions with statistically significant Jensen
alpha terms. The R2 explanatory power of the two-factor (1 year rebalancing)
liquidity model is on a par with that of the five factor (5F) overall model contain-
ing all factors together (with the sole exception of 1 month rebalancing liquidity
factor which is omitted in place of its 1 year counterpart). To sum up and the
evidence from time series regressions in Table 7 infers the superiority of the two-
factor (1 year rebalancing) liquidity model over all other alternative multifactor
models.
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TIME-INVARIANT EMPIRICAL RESULTS – COMPARISON ACROSS UNIVERSES

We use the F statistic from the Gibbons, Ross and Shanken (1989) (henceforth
GRS) to formally test the hypothesis that a set of explanatory variables produces
regression intercepts for a set of test assets or portfolios that are all jointly equal
to zero. We use six sets of explanatory variables in all – with each corresponding
to one augmented CAPM-based model. These are employed on a set of test
assets, or portfolios, which are the individual decile portfolios sorted on basis of
1-month rebalanced liquidity, 1-year rebalanced liquidity and then momentum. A
further final set of test portfolios is derived from country-level portfolios, albeit
for those countries with time series of the same length as that of overall sample.
Thus smaller country-level time series were dropped from consideration, such as
country portfolios for Oman, Laos, Cambodia where at best only a few years data
were available. It should be noted that a complication arises due to collinearity
between the formation of GRS test statistic and the valuation factors implicitly used
within the models it is employed. As such we run GRS tests across 8 of the decile
portfolios in each case – omitting the extreme portfolios (D1 and D10) from which
liquidity and momentum valuation factors are formed. Furthermore owing to the
complex formation of both the FF3F size and book-to-market valuation factors –
which are based on portfolio formation from across the sample universe, we omit
the 25 quintile size and book-to-market sorted portfolios from consideration under
GRS methods.

The results from Table 8 overwhelmingly reject null hypotheses of all regres-
sion intercepts being jointly equal to zero. These are rejected with p � 0.01
confidence margin. Furthermore we repeated these GRS tests across all three
universes, namely Japan only (in panel 1), Asia excluding Japan (in panel 2),
and then Asia overall (in panel 3). The rejection is universal across these uni-
verses too. This high and universal level of rejection by GRS method is also
a common finding in literature with Fama and French (1993) reporting simi-
lar evidence in a single country US-based sample and Hou et al. (2011) in a
multi-country sample focussing on large world markets. While this unanimous
rejection of null hypothesis of joint intercepts equalling zero underscores an in-
ability to use the GRS effectively to discriminate between comparable models,
it does reveal the weakness of time invariant methods as a class of model in be-
ing robust to intra and inter-market segmentation. This is a particular problem
in multi-country samples, such as our Asia overall universe and Asia excluding
Japan universe, but it is also prevalent within the Japan only universe. This is
comprised of 5 regional equity markets peripheral to the central “world” market
of Tokyo where these are socially embedded within Japan’s distinctive regional
political economies – such as Sapporo market in distant Hokkaido island, along-
side similarly distinctive Fukuoka and Nagoya exchanges in equally distant and
distinctive regional political economies. In this light the GRS test statistics pro-
vide strong support for the weakness of time invariant parameter asset pricing
models.
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Figure 1: Vietnam (Alpha)
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Figure 2: Vietnam (Beta Market)

TIME VARYING PARAMETER EMPIRICAL EVIDENCE

The results arising from our application of the Kalman filter methods to re-
lax the time-invariant assumptions inherent within the neoclassical asset pricing
methodology associated with CAPM-type multifactor models are presented in
Table 9. Further to having estimated all time varying models the mean time series
time-varying alpha (time-varying equivalent to intercept) alongside the proportion
of sample for which it’s associated lower standard error band is negative are re-
ported. Coefficients with lower standard error bands that are negative are deemed
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Figure 3: Vietnam (Beta Liquidity)
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Figure 4: New Zealand (Alpha)

to lack statistical significance. The importance of this lacking in statistical signifi-
cance (or negative standard errors) in the context of each models alpha is that this
“fits” with theory inasmuch that asset pricing theory predicts alpha (Jensen alpha)
should not be statistically significantly different from zero. As a final means of
discriminating between models we use the Aikaike Informational Criterion (AIC)
statistic.



310 Bruce Hearn

-1.5000

-1.0000

-0.5000

0.0000

0.5000

1.0000

1.5000

2.0000

2.5000

3.0000

3.5000
01

/0
1/

20
02

01
/0

8/
20

02

01
/0

3/
20

03

01
/1

0/
20

03

01
/0

5/
20

04

01
/1

2/
20

04

01
/0

7/
20

05

01
/0

2/
20

06

01
/0

9/
20

06

01
/0

4/
20

07

01
/1

1/
20

07

01
/0

6/
20

08

01
/0

1/
20

09

01
/0

8/
20

09

01
/0

3/
20

10

01
/1

0/
20

10

01
/0

5/
20

11

01
/1

2/
20

11

01
/0

7/
20

12

01
/0

2/
20

13

01
/0

9/
20

13

01
/0

4/
20

14

New Zealand (Universe: Asia Overall)

SE Beta (Market) SE

Figure 5: New Zealand (Beta Market)
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Figure 6: New Zealand (Beta Liquidity)

The results reveal substantial support for the use of time varying CAPM-based
models. An overwhelming majority of lower standard error bands of alphas
are negative (generally over 90% of sample period). Furthermore the average
z-statistics of final period alphas are generally extremely low and below any
discernable confidence margin.
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Figure 7: Hong Kong (Alpha)
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Figure 8: Hong Kong (Beta Market)

Finally the evidence from AIC statistics reveal a general tendency for tests
undertaken on quintile portfolios to favour FF3F model (i.e., CAPM augmented
with size and book-to-market terms) while tests undertaken on the three classes
of momentum, liquidity (1 year rebalance) and liquidity (1 month rebalance)
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Figure 9: Hong Kong (Beta Liquidity)
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Figure 10: China Shanghai (Alpha)

portfolios reveals a general preference for the two-factor CAPM augmented by
the 1-year liquidity factor. These preferences based on AIC are similar across Log
Likelihood, SBC and HAC information criterion too – though these have been
omitted for brevity.
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Figure 11: China Shanghai (Beta Market)
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Figure 12: China Shanghai (Beta Liquidity)

TIME-VARYING PARAMETER MODELS AND STRUCTURAL BREAKS

We further elaborate on time-varying parameter coefficient models through their
application to two factor CAPM models augmented with 1 year liquidity factor
with these being applied to the modelling of individual country-level portfolios.
The loci of each of the three parameters arising from these models, namely alpha,
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Figure 13: Malaysia (Asia overall universe) (Alpha)
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Figure 14: Malaysia (Asia overall universe) (Beta Market)

beta on market portfolio, and beta on liquidity factor, are revealed in Figures 1
to 26.

Figures 1 to 16 reveal significant structural breaks in time-varying loci of
market beta coefficients as well as liquidity beta coefficients for Vietnam, China
(Shanghai), New Zealand, Hong Kong and Malaysia. In particular these reveal the
utility of time-varying methods over and above conventional time-invariant models
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Figure 15: Malaysia (Asia overall universe) (Beta Liquidity)
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Figure 16: Maldives (Asia overall universe) (Alpha)

where in all cases the loci of alpha terms is centred on 0, despite obvious variation
around this and while the lower standard error band is generally negative inferring
a lack of statistical significance. In particular the appreciation of the market beta
in Vietnam and China (Shanghai) in the latter part of sample period infers the
greater degree of integration of these markets with that of the wider Asian region.
Hong Kong by comparison has a relatively stable, if variable, market beta loci
centred on value 1 underscoring the centrality of this market within the Asian
market universe.
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Figure 17: Maldives (Asia overall universe) (Beta Market)
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Figure 18: Maldives (Asia overall universe) (Beta Liquidity)

Figures 16 to 21 reveal the time-varying coefficient loci, for alpha market beta
and liquidity beta respectively, for two very small equity markets within the Asian
region: Mauritius and Maldives. The market beta coefficient loci for Mauritius in
particular exhibits similar profile of distinct structural breaks that is common to
larger markets outlined above, such as Hong Kong, New Zealand and Shanghai
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Figure 19: Mauritius (Asia overall universe) (Alpha)
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Figure 20: Mauritius (Asia overall universe) (Beta Market)

(China). However the time-varying liquidity beta loci in particular bears a strong
resemblance to that estimated in Hearn (2012) although in that study a shorter
sample period was used (ending in 2008) and the estimation universe was that of
Sub Saharan Africa. In contrast the extremely small micro-market of Maldives
has a market beta centring on zero – inferring minimal integration with Asian
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Figure 21: Mauritius (Asia overall universe) (Beta Liquidity)
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Figure 22: Japan Tokyo (Asia overall universe) (Alpha)

regional universe. However the liquidity beta locus exhibits two distinct phases of
significant elevation. Each corresponds to a period of distinct domestic political
uncertainty. However the more general complete lack of integration of Maldives
market with Asian universe is very apparent in terms of both market and liquidity
betas centring on zero for much of the sample period.

Finally figures 22 to 26 reveal that time varying coefficient loci for models
estimated on Tokyo (Japan) using two respective market universes: the first being
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Figure 23: Japan Tokyo (Asia overall universe) (Beta Market)
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Figure 24: Japan Tokyo (Asia overall universe) (Beta Liquidity)

Asia overall and the second being Japan only. While both profiles of time varying
alphas are centred on zero, the alpha generated on Asia overall universe exhibits
much greater variation than its counterpart estimated on Japan only universe.
Similar differences are apparent in the market beta loci – where that estimated on
Asia overall universe exhibits more variation in contrast to its Japan only universe
counterpart where the market beta is clearly centred on value 1, indicating the
dominance and centrality of Tokyo within Japanese universe.
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Figure 25: Japan Tokyo (Japan only universe) (Alpha), Japan Tokyo (Japan only
universe) (Beta Market)

VI. CONCLUSIONS

This paper contrasts six capital asset pricing models (CAPM) augmented with
different sets of five valuation factors – including Fama and French (1993) size and
accounting book-to-market value, Jagadeesh and Titman (1993) momentum, and
the liquidity factor of Liu (2006) constructed firstly using an annual rebalancing pe-
riod and secondly using a monthly rebalancing period. The sample used is based
on a comprehensive Asian universe comprise of top tier blue chip stocks from
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Figure 26: Japan Tokyo (Japan only universe) (Beta Liquidity)

29 constituent markets. Two sub-samples derived from this are also used: the first
based on all Asian countries excluding Japan and the second being Japan only.
This latter national universe contains Tokyo plus four regional Japanese markets.
As a final means of gauging the impact of segmentation within market universes
on modelling techniques we undertake a comparison of the time-invariant param-
eter models, upon which conventional CAPM methodology is based, we develop
Kalman filter time-varying parameter models using same factors as their time-
invariant counterparts.

Our findings suggest there is considerable inter and intra-market segmentation
which is apparent both within the single national universe of Japan as well as the
broader and more heterogeneous Asia excluding Japan and Asia overall universes.
This segmentation is reflected in the poor performance of time-invariant parameter
models upon which the conventional CAPM and augmented CAPM methodology
is based. In contrast time-varying models employing the Kalman filter yield valid
alternatives with differentiation of optimal performing models being based on
maximum likelihood information criterion. We find evidence that the two factor
liquidity augmented CAPM outperforms alternative augmented CAPM specifi-
cations in explaining the cross section of stock returns. Furthermore while the
benefits of the additional liquidity factor are centred on the annual rebalancing
metric as opposed to its monthly rebalanced counterpart.

Overall our findings are important for investment managers seeking to hedge
risks when diversifying across multi-country regional universes, such as Asia, and
firm’s financial managers seeking to raise capital and thereby attaining a better
understanding of the impact of various risks in terms of cost of equity capital.
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