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Abstract

This paper reviews studies of the liquidity issue in finance literatures. Liquidity
imposes a premium on efficient asset returns in two different forms: liquidity costs and
liquidity risks. The former is simply a transaction cost resulting from a bid-ask spread
while the latter involves the volatility of liquidity levels that inflicts systematic and
unsystematic risks on asset returns. Even with varying proposed proxies of unobservable
liquidity levels, liquidity premiums on asset returns is evidenced by most studies.
Empirically, a more critical issue besides measuring liquidity level is the estimating
error of the market price of risk resulting from applying CAPM-type models that needs
further attentions. While recent theoretical advancements on the liquidity issue give
weight to developing liquidity (risk)-adjusted asset pricing models to address this issue,
the increasing applications for risk management demand sophisticated dynamic modeling
of liquidity risk, the area which is still well undeveloped that should emerge as a new
active research area.
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Most asset pricing models are idealistically built on the assumptions of perfect
market that ignore trading and transaction factors which predominate in the real world.
Both factors project both liquidity costs and risks that influence asset prices. In addition,
financial crises, transmissions of monetary policy, flight-to-quality among assets, size
of stock floatations, market maker activities, etc. are among familiar episodes of liquidity
shocks that most models fail to capture explicitly. Liquidity shocks that are common in
the financial market impose significant influence on asset prices at two levels: macro
liquidity (or marketwide liquidity) that systematically affects every asset, and micro
liquidity (or transactions liquidity) that characterizes each individual asset’s liquidity.

Definition

The first economic investigation of the liquidity issue dating back to
1968 in the area of market microstructure, is by Demsetz (1968) who points
out the costs associated with transacting shares besides explicit (direct) costs
such as brokerage or commission fees, an indirect cost associated with
getting to trade whenever we want. Since buyers and sellers do not
necessarily need to trade at the same time, and, as the result, if buyers/sellers
need to trade immediately they need to pay additional costs (a higher price
for the buyer and a lower for the seller) to motivate their counterparts to
engage in transacting simultaneously. That additional cost is represented by
a spread between bid and ask prices, called bid-ask spread, a major topic
in market microstructure theory that founds the liquidity feature on asset
pricing theory.

Liquidity at the utmost degree is simply defined as the ability to perform
transactions instantaneously and costlessly without affecting prices. As there
are perfect liquid assets hence trading them imposes costs. Every asset
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possesses some level of illiquidity that must be priced by the market. Kyle
(1985) characterizes liquidity by three components. Market or individual
assets said to be highly liquid, can be described by the following aspects.

Tightness — the divergence of transaction prices from efficient prices.
Transacting illiquid assets typically involves wider bid-ask spread than that
of more liquid assets. Absolute liquid asset implies zero bid-ask spread
(infinite tightness), i.e., no indirect transaction cost.

Depth — the volume which can be traded at the current price. For an
illiquid stock, the quoted prices are generally backed by small volumes of
demand and supply that cannot absorb a large order without influencing
prices. Prices of assets with deep trading activity will hardly be influenced
by any particular trader, rather they are determined mainly by the efficient
value of the asset itself, i.e., the investor has no market power.

Resiliency — the speed of adjustment of the return to the efficient price
after arandom deviation. A large order can easily affect the prices of a thinly-
traded asset, leaving the asset prices to adjust slowly back to the efficient
level, thus widening the bid-ask spread.

Early researches on the liquidity issue primarily focused on the static
effect of liquidity on transaction costs entailed in the expected asset returns.
Hence the liquidity (cost) premium is required to compensate for transac-
tion costs. An initial issue is the measurement of the unobservable liquidity
level so that it can be tied to the liquidity cost and the premium on asset
returns.

Liquidity cost and asset return

A pioneer theme of research is on incorporating liquidity-induced
transaction costs, i.e., liquidity costs, on asset returns. Accounting for this
issue is tantamount to relaxing frictionless market assumptions from asset
pricing models, the resulting efficient price of the asset must discount for
liquidity cost, thus higher expected return. Among earlier studies the common
main thesis was to verify the relationship between liquidity costs and liquidity
premiums on asset returns. Since liquidity is unobservable directly from the
market it is essential to find a proxy for liquidity measure. Amihud and
Mendelson (1986) are among the first who studied theoretically and empiri-
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cally the relationship between stock returns and liquidity costs using bid-ask
spread as a liquidity measure. Their findings postulate a relationship of the
expected return as an increasing concave function of relative spread'. Their
proposition is that investors of different investment horizons construct their
portfolios accordingly. Illiquid stocks described by large spreads are less
preferred by short-term investors who are willing to pay to get rid of them.
While the long-term investors will hold more illiquid stocks only when they
are compensated by higher expected returns from a wider spread. In equilib-
rium this results in an increasing relationship between returns and spreads.
Moreover stocks with higher spread (less liquid) in equilibrium are allocated
to portfolios with longer expected holding periods so that the transaction
costs will be amortized for a longer period. For this reason investors will
demand a higher liquidity premium for a given change in the spread, for the
more active stock. Thus spread-adjusted returns on a portfolio increase at a
diminishing rate (concave) with the expected holding period. This result is
called the clientele effect.

The Amihud and Mendelson methodology employs the CAPM
(Capital Asset Pricing Model) framework by regressing the selected stock
returns, market risk (beta), and spreads so that the effects of market risk are
excluded (i.e., market risk premiums are excluded from returns). The liquidity
level of individual stocks is then estimated. Several other studies investigate
the relationship between returns and liquidity levels using various liquidity
measures derived from spreads, which differ slightly from the Amihud and
Mendelson methodology, and generally document that less liquid stocks
have higher average returns. Nevertheless the methodology of using spread
as a liquidity measure may suffer from errors in measuring returns that are
not correctly adjusted for risk since spreads are derived from prices that are
in turn correlated with market risks.

Brenan and Subrahmanyam (1996) estimate trading costs and decompose
them into fixed and variable components and applying the Fama-French
three-factor model. They find a concave relationship between return premiums

" Relative spread is defined as the difference between the highest bid price and the lowest ask price,
divided by the average of these two prices.
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and variable costs which is consistent with Amihud and Mendelson’s clien-
tele effect. However they also find a convex relationship between fixed costs
and return premiums where fixed costs are highly correlated with the relative
spreads. The last result is later referred to by Jacoby, Fowler, and Gottesman
(2000) as the level effect where the expected return is convex in the expected
spread for high spread levels.

Other recent studies, for instance, Datar, Naik, and Radcliffe (1998),
Brennan, Chordia, and Subrahmanyam (1998), etc. using other common
measures of liquidity levels besides spreads, including turnover ratio (number
of shares traded divided by number of outstanding shares) and trading
volume (number or value of stock traded), and applying either the Fama-
French three-factor model or CAPM, generally report supporting evidence
for Amihud and Mendelson (1986).

The idea of liquidity costs inducing liquidity premiums on asset returns
is straightforward but not realistic enough. Since liquidity is time-varying
and unpredictable, investors therefore expect compensation for this risk. The
liquidity factor becomes a dynamic issue of liquidity risk where investors
form expectations regarding the future volatility of liquidity and require
liquidity (risk) premiums for compensation. Liquidity risk is examined in
greater detail and found to be composed of marketwide and individual-asset
liquidity.

Liquidity risk: Systematic and firm-specific

Another theme of research is to investigate the relationship between
stock returns and liquidity risk (defined as volatility of liquidity level) as
opposed to the level of liquidity per se. This viewpoint is that liquidity does
not only affect individual stock but also the market as a whole. Furthermore
market liquidity varies with time and affects the liquidity of individual stocks
differently. The variability of liquidity postulates a market-related risk for
which investors demand compensation (risk premium). Liquidity risk is then
classified into two groups: the systematic (or marketwide) and firm-specific
liquidity risks. Systematic liquidity varies with macro-factors that change
over time, and the returns of individual firms differ in their correlation with
systematic liquidity risks.



72 A Review of Liquidity Premium

Chordia, Roll, and Subrahmanyam (2000) have pioneered the analysis
of common determinants of individual liquidity and have documented
commonality in liquidity. Amihud (2002) measures market illiquidity as the
average daily absolute return over trading volume (in $) on the same day
and finds support for the presence of market liquidity and expected market
returns. Chordia, Subrahmanyam, and Anshuman (2001) study firm-
specific liquidity using firm’s volatility in trading volume and find the
unexpectedly contradictory result that stocks with more volatile liquidity
have lower expected returns. Pastor and Stambaugh (2003) investigate
marketwide liquidity (systematic liquidity risk) as a state variable that
affects expected stock returns across the market. They hypothesize and find
support that the systematic liquidity risk is priced by the market. More
specifically, stocks whose returns are closely correlated with the volatility
of market liquidity will have greater expected returns than stocks whose
returns are less correlated.

Other studies either explore the liquidity effects in other financial
markets including derivatives markets, or develop new consistent measures
of liquidity. Chaordia, Sarkar, and Subrahmanyam (2003) examine stock
and bond market liquidity using bid-ask spreads and order imbalances’ and
report significant correlation of liquidity and volatility between both markets
which implies the common factor driving liquidity and volatility of both
markets. Roll, Schwartz, and Subrahmanyam (2006) analyze the relationship
between futures-cash basis and liquidity using the Granger causality test
and document a significant relationship which implies that the liquidity
factor does improve market efficiency. Chacko, Mahanti, Mallik, and
Subrahmanyam (2007) propose latent liquidity as a new measure of liquidity
in the bond market and prove it to be a more consistent measure than tradi-
tional trade-based measures. Latent liquidity uses the information about
ownership of corporate bonds (instead of transactional information) to measure
the accessibility of securities by a dealer as liquidity proxy’. This allows

’ Order imbalances is defined as the dollar value of buys less the dollar value of sells each day,
divided by the total dollar value of buys and sells.

’ Latent liquidity is defined as the weighted average turnover of funds holding the bond where the
weights are their fractional holdings of the bond.
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them to be able to assess liquidity for markets with extremely low trading
activity.

Asset pricing model with liquidity premium

Asset pricing models are basically developed for determining the asset
efficient value by decomposing risks and their effects on the asset value.
This class of model is called the factor-based asset pricing model. The first
and most well-known is the CAPM, a one-factor model, developed by Sharpe
(1964). 1t offers powerful and intuitive predictions about how to measure
risk and its relationship with asset return. Despite a poor empirical record
that reflects the problem of oversimplified assumptions, while no alterna-
tive class of models has so far been proved to be more theoretically justified,
the appealing simplicity and intuition of the CAPM still make it the main
model to work with. Early liquidity researches (see Amihud and Mendelson
(1986)) extend CAPM to include the liquidity factor. The major drawback
of this approach involves errors in estimating the market price of risks that
may outweigh all liquidity effects.

Brennan and Subrahmanyam (1996) apply the three-factor model pro-
posed by French and Fama (1993) instead of CAPM in order to improve the
estimation of the market price of risks, a key drawback in using CAPM.
Empirical studies of the Fama-French model record the ability in explaining
asset returns much better than CAPM. The model takes a form similar to the
Market Model* (empirical version of CAPM) with two correction terms. The
rate of return of asset i over period ¢, r,, follows

ri,t = ,yi,t + Bm rm,t + meb rsmb,t + ﬁhml rhml,t + 6i,t

where ¥, represents constant return earned in each period for asset i, m
(market) represents the market portfolio calculated from a broad-based
index, smb (small minus big) portfolio represents a zero-investment

 The market model is a more convenient version of CAPM widely used in estimating B value simply
from the (stock and market) returns instead of excess returns. It is given by
V,,z:)/,-"'ﬁi rm,z+8r,t where %:ar+(1_ﬁl)rf
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portfolio that is long in “small cap” (cap is a short term for ‘market capitali-
zation’) stocks and short in “big cap” stocks, ~ml (high minus low) portfolio
represents zero-investment portfolio that is long in high book-to-market stock
(so-called “value” stocks) and short in low book-to-market stocks (so-called
“growth” stocks), and 3 s represent the associated risk coefficients.

The rationale behind including SMB and HML portfolios in the Fama-
French model is that they serve as correction factors for a broad-based index,
used as a market portfolio like a market capitalization-weighted index’. Since
this index puts more weight on “big cap” and “growth” stocks than in “small-cap”
and “value” stocks, respectively, this adjustment might help reduce estimating
errors of market returns caused by bias from a broad-based index. The Fama-
French model is in essence based on empirical observation rather than on a
theoretical ground, therefore it only helps improving the estimation of the
market price of risk, but not correcting the estimating errors.

Nevertheless both traditional CAPM and the Fama-French model are
among the standard approaches to studying liquidity effects that suffer from
errors in estimating the market price of risk. The later researches emphasize
on modifications of CAPM to measure liquidity factor separately from the
market risk.

Liquidity-adjusted CAPM

A modification of CAPM to integrate liquidity effects comes in two
forms, namely liquidity cost and liquidity risk. Instead of using gross (or
market) return as in the standard CAPM approach, Jacoby, Fowler, and
Gottesman (2000) use the net asset return that is adjusted by bid-ask spread
and net market return that is adjusted by market liquidity cost. They derive
a one-period CAPM with liquidity costs following a standard derivation of
CAPM. Their variation of liquidity cost-adjusted CAPM in traditional CAPM
form is given by

Elr7l =17+ B [Elrp) -17]

’ Most stock market indices are market capitalization-weighted, except for Dow Jones Industrial
Average, is price-weighted index.
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The superscript (*) denotes net (or spread-adjusted) returns and liquid-
ity (cost)-adjusted beta and the superscript (~) symbolizes random variables
as follows

mHe _ 3 (1 -51) e (Fim — Cin)
sy ™ rsm) and
[Fn = m) » (1-5)
ﬁ?—COLl(l*'Sm)'TI[l*'S:]/ - -
: Var [L‘_C'm
14+sm

where s, and §, represent the current liquidity costs of transacting assets
i and liquidity costs at the end of a period (random variable), respectively
while s, and £, denote, respectively, market liquidity cost (market capitali-
zation-weighted liquidity cost) and total liquidity cost at the end of a period,
relative to the market portfolio value today.

The Jacoby et al.” liquidity-adjusted CAPM suggests that risk premium
per unit of systematic risk (net market excess return) is lower than that sug-

gested by the traditional CAPM since E [Fm] > E [f]. The resulting B that
differs nonlinearly from traditional ﬂ stresses a need to account for liquidity
cost in measuring market systematic risk. According to Jacoby et al., their
model yields a convex rather than a concave relationship as presented by
Amihud and Mendelson (1986). However, their finding is consistent with
the empirical result of Brennan and Subrahmanyam (1996) of the convex
relationship between return premiums and relative spreads (the level effect).

Archarya and Pedersen (2005) develop a liquidity-adjusted CAPM that
classifies liquidity risk into three forms. These liquidity risks are associated
with (i) commonality in liquidity with the market liquidity, Covlc, ¢, ], as
documented by Chrodia et al. (2000) that stocks’ illiquidities are positively
related with market illiquidity, (ii) return sensitivity to market liquidity,
Covlr, c,], as reported by Pastor and Stambaugh (2003) that stocks with
high sensitivities to market liquidity yield higher returns than stocks with
less sensitivities, and (iii) liquidity sensitivity to market returns, Cov[c,, r, 1,
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liquidity risk that is significant, especially in a poor market situation. The
“net beta” of expected asset returns then can be decomposed into the stan-
dard market beta and three additional betas representing different forms of
liquidity risk. Following the notations of the previous model with subscript
(z) which indicates the ending period, the model is given by

Elrs - Tf,r] = Elci el + A8y + A8 — ABai — AL
where A = Elrp ¢ - Ce - 77] and

Cov[F; 4. Fmt — Et 1 [Pl

P = i T BealPnt]- ot - B el
B = Cov[Cys - E¢ i[C14] Cmt - Et i[Ol

*VarFme - Bty [Pl - @me - Et_a[Cme])]
,8 o ‘COT’[?M' Ei'Jm,z‘. - Et—1 [Em,t]]

# Va'r[fm,t - Er_1 [?':-m,t] - (Em,t - Et-n [Em,t])]
B Cov[C; - E¢ ,[Cit]l Tmt — Et_s[Fmell

4l

“Varfme - Etalfmel- @mt - Et-alCmeD]

Archarya and Pedersen explore all three kinds of liquidity premiums in
their study with supporting empirical results. Their liquidity-adjusted CAPM
can explain comprehensively key liquidity risks documented by earlier studies
and the model is proved to be a significant improvement over the traditional
CAPM.

Liquidity premiums on asset returns as the result of liquidity risks extend
naturally to the theory of derivative pricing originally developed on a perfect
market assumption. With no arbitrage opportunity allowed any asset either
in the complete or incomplete market can be priced by constructing a portfolio
with optimal trading strategy to replicate its dynamic payoff, i.e., hedging
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portfolio. While the portfolio in the complete market yields a risk-free rate
of return, in the incomplete market it bears an additional risk premium (for adding
a surrogate asset(s) to complete the market) consistent with intertemporal
CAPM.

Lo and Wang (2001) derive an equilibrium intertemporal CAPM where
assets contain two types of risks: market risk and risk of changing in market
conditions. The equilibrium model then determines risk factors from economic
fundamentals rather than the statistical mean. They construct the hedging
portfolio that has forecasting power in predicting future market returns, and
the ability to explain cross-sectional variations in expected returns that is
comparable to other popular factor models.

Standard dynamic asset pricing theory is built on no arbitrage pricing
and completeness of the market conditions (known as first and second
fundamental theorems) with the stochastic process(s) of the underlying
factor(s). However modeling a dynamic of liquidity factor is not as full-
fledged as modeling volatility risk. Recent financial crises such as the Long-Term
Capital Management, the Asian financial crisis, etc. have provoked great
attention on the issue of liquidity risk in risk management. This urges the
needs for modeling dynamic liquidity risk and capturing its effects by incor-
porating liquidity risk factor in modern asset pricing models.

Modeling Liquidity Risk

Modeling liquidity risk for the purpose of risk management and de-
rivative pricing is so occasional. There are only a few stochastic treatments
of liquidity risk documented so far. The basic idea is to study liquidity ef-
fects on optimal trading strategy for replicating asset returns, and eventually
on derivative prices. Rogers and Zanes (1998) model liquidity risk in the
form of the ability to switch between asset and money market (adjusting
portfolio) only at the time of Poisson process. Their approach is to straight-
forwardly capture the effects of liquidity on trading strategy. Although it
has no closed-form solution it can still be deduced that the liquidity cost is
inversely proportional to Poisson intensity. Another approach is by taking
liquidity risk as another underlying factor that affects asset prices directly.
Cetin, Jarrow, and Protter (2004) give a rigorous theoretical treatment on
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liquidity risk by modeling supply curve for security prices as a function of
trade size and theorizing in an arbitrage pricing framework. They derive the
conditions on no arbitrage opportunity and completeness of the market in
the presence of liquidity risk. The extensions yield derivative price and
approximate hedging strategy. Though they do not provide explicit specifi-
cation of a liquidity dynamic the result essentially establishes guidance on
the model construction. Modeling asset prices as a function of trade size is
in fact comparable to adding another underlying factor as a function of the
other factor (in this case asset price). The result is classed as a multi-factor
model.

Summary

The topic of liquidity risk has recently drawn more attention from
financial researchers. Prior studies reveal two primary issues. First, liquidity
measurement, for which there is still no unanimous agreement on the efficacy
of each proxy. Many researches differ in their results simply because of using
different measures. This advocates a need for both theoretical and empirical
evaluation of various liquidity measures that have been proposed so far.
Second, liquidity-adjusted asset pricing models, for which most prior studies
rely either on CAPM modifications or the Fama-French model. Even if there
have been recent developments of intertemporal liquidity-adjusted CAPM,
the fundamental flaw of estimating error of market risk has yet been solved.
On the other hand, the Fama-French model is indeed another empirical ex-
tension of CAPM, which adjusts for ‘size’ and ‘value’ effects. It proves to
be more accurate than traditional CAPM, but when liquidity risk is concerned
the model inevitably suffers from the same shortcomings as the CAPM.

A growing concern of liquidity risk management since the recent
financial crisis incidents, suggests a promising area of research for the issue
of modeling liquidity risk in dynamic asset pricing theory. This is a theoretical
challenge and needs a lot further studies. Lastly, it is an empirical short-
coming that accessing the data for the study of liquidity is somewhat cum-
bersome and costly since it involves high-frequency microstructure-level
data which in general is publicly inaccessible. This limitation may restrain
many researchers from participating actively in this area.
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