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This paper reviews research on the effects of different measures of liquidity
on asset prices. The foundation is the pricing of liquidity as an asset
characteristic that began with the theoretical model and empirical evidence of
Amihud and Mendelson (1986). The positive relation between expected returns
on financial assets and the illiquidity of these assets has since been reconfirmed
both in the U.S. and worldwide. The positive relation between illiquidity and
expected return gives rise to research on the effect of liquidity-related
systematic risk. Two types of such risk are shown to be priced: exposure to
shocks in market liquidity and exposure to the market illiquidity return
premium. The pricing of these risks is stronger in times of greater funding
illiquidity and economic stress.
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1. Introduction

The classic theory of asset pricing posits that the expected returns on
financial assets are increasing in their risk because of investors’ risk
aversion. For individual assets, the Sharpe-Lintner-Mossin Capital Asset
Pricing Model (CAPM) proposes that it is only the systematic risk that
is priced, while the idiosyncratic risk is not priced because it can be
diversified away. The empirical support for this theory for stocks is
weak: it is hard to find evidence that a stock’s systematic risk is
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significantly priced.! Further, Ang Hodrick, Xing and Zhang (2006,
2009) show that stock expected return is a declining function of the
stock’s idiosyncratic risk and of its exposure (or sensitivity to) the
overall market risk.

Another theory of asset pricing, introduced by Amihud and
Mendelson (1986), proposes that expected returns are an increasing
function of assets’ illiquidity or trading costs, because investors price
assets so as to be compensated for these costs. The empirical evidence
supports this theory. Studies have been done for stocks, both in the U.S.
and worldwide (in one study, the pricing of liquidity is tested in 45
countries) for bonds and for derivatives, using a variety of measures of
illiquidity. The evidence consistently shows that less liquid assets
generate higher returns on average after controlling for asset
characteristics and risk.

The Amihud-Mendelson (1986) theory on the positive relation
between expected return and illiquidity also explains the well-known
“equity premium puzzle” due to Mehra and Prescott (1985). The theory
of asset pricing based on risk aversion alone cannot explain the large
difference between the average return on equity, which is risky, and the
return on the riskless Treasury bills, unless it is assumed that investors’
risk aversion is unreasonably high. However, stocks (equity claims) are
not only riskier than Treasury bills, but also far less liquid.> The average
transaction costs on stock trades is far larger than they are on Treasury
bills, and bills can be traded in large blocks of tens of millions of dollars
in a single transaction without affecting their price. Thus, by the
Amihud-Mendelson (1986) theory, the differential return between
stocks and bills is partly compensation for illiquidity in addition to it
being compensation for risk. Consequently, it is unnecessary to assume
high risk aversion to explain the observed equity premium, and there is
no longer a puzzle.

The positive relation between expected return and illiquidity is the
foundation for a more recent research track on the pricing of liquidity.

1. Arecentarticle by Bali, Engle and Tang (2014) finds that the CAPM systematic risk
is significantly priced, using dynamic conditional beta estimated from daily stock returns.

2. For example, Amihud and Mendelson (1991) report that the average bid-ask spread
on Treasury bills was 0.008% and on short-term Treasury bonds it was 0.03%, while the
average bid-ask spread on the portfolio of the most liquid stocks in Amihud and Menselson’s
(1986) study was about 0.5%, over 60 times greater than on Treasury bills and about 17 times
greater than on bonds.
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If liquidity matters —i.e., if the level of liquidity is priced — exposure to
shocks in liquidity should matter as well. In these studies, market
liquidity is a systematic factor whose shocks are transmitted to affect
the prices of individual assets and thus the price exposure of individual
assets to the market-wide liquidity shocks is priced. In addition, if
market return affects each asset’s liquidity level, which in turn affects
its expected return, then the extent of this effect of market return on
asset liquidity is another component of systematic risk which should be
priced. These are all hypotheses that are tested in a number of empirical
studies, using data from the U.S. and other countries. The results are
generally consistent with the hypotheses above.

The liquidity-related systematic risk of assets is also studied in a
different way. Variations in individual stock returns, which reflect
variations in both risk premium and liquidity premium, may vary as the
market-wide risk premium and liquidity premium vary. Here, the
systematic risk is measured not with respect to variations in the
market-wide level of liquidity but with respect to variations in the
market-wide liquidity return premium — which given the initial work of
Amihud and Mendelson (1986), is positive and varies with the level of
liquidity and with investors’ preference or valuation of liquidity. This
is analogous to the common study of the market systematic risk with
respect to the market risk premium or excess return over the risk-free
rate, which varies with the market’s level of risk and with investors’ risk
aversion as well.

An interesting feature of the pricing of liquidity risk is that it is
conditional on the state of the market. The evidence reviewed below
shows that the risk of exposure to shocks in illiquidity and the illiquidity
return premium are valued more in times of financial market stress and
lower funding liquidity.

Below, we review the evolution in research of the pricing of
liquidity that begins with the pricing of liquidity as a characteristic and
proceeds with the study of the pricing of liquidity systematic risk.

II. The pricing of illiquidity as characteristic

In Amihud and Mendelson’s model, investors wish to maximize the
expected present value of the cash flows generated by the securities in
their portfolio, assuming that each security generates a riskless flow of
dividend and incurs some liquidation cost. Investors are risk neutral,
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they are subject to random arrival of a need to liquidate their asset, and
they differ in their time horizon to liquidation. In equilibrium, the
required return is an increasing function of the asset’s illiquidity costs
because investors require a compensation for bearing these costs. The
model predicts that this positive expected return illiquidity costs relation
is concave because of the liquidity clientele effect. Less liquid assets are
held in equilibrium by investors with longer investment horizons who
effectively “amortize” their liquidity costs over a longer period. Thus,
the liquidity costs per period are lower and the resulting marginal
increase in required return is smaller as one moves toward increasingly
less liquid assets.

Formally, Amihud and Mendelson propose that asset j return to an
investor k, r;; is the gross return on the asset, R, minus the expected
liquidation cost, u,S;, where u, is the probability of liquidation within
the unit time and S; is the proportional liquidation costs, 7, = R; — S
We naturally observe the gross return R; and thus in equilibrium, for the

e s :
equilibrium (unobserved) net return 7, ,

R. = r;k—i- ,uij (1)

J

The Amihud — Mendelson theory thus says that asset illiquidity (in this
model, proxied by §)) is a priced characteristic. In equilibrium, asset
expected returns are an increasing function of illiquidity. Amihud and
Mendelson test the theory using data on stocks traded in the NYSE
between 1960 and 1980 (Amihud and Mendelson, 1986, 1989). The
results show that across stock portfolios sorted on illiquidity and risk,
average stock return is an increasing function of the stock bid-ask
spread — a measure of illiquidity cost — after controlling for systematic
and unsystematic risk. Amihud and Mendelson (1986) also prove the
existence of liquidity clientele, by which frequent traders (those with
high u,) prefer to invest in the more liquid assets — those with the lower
S; — whereas the low-frequency investors opt for the less liquid assets
(those with the lower S)) because they can depreciate the transaction
costs over longer period. Thus in equilibrium, the R — S positive relation
is increasing and concave.

Importantly, Amihud and Mendelson show that the rise in expected
return as a function of illiquidity cost, depreciated by the investor
holding period goes beyond mere compensation for these costs. Instead,
investors earn in equilibrium an illiquidity premium that exceeds the



The Pricing of llliquidity as a Characteristic and as Risk 153

compensation for the expected cost of illiquidity. That is the net-of-cost
return on an asset must be higher than the net-of-cost return on the asset
which is next to it in terms of lower cost. In terms of model (1), r;k
increases as a function of S,.

Of course, the two theories of asset pricing may coexist. Expected
return may be an increasing function of both the asset’s risk and its
illiquidity cost.

The empirical support for the Amihud-Mendelson (1986) asset
pricing theory is quite robust; it is reviewed in Amihud, Mendelson and
Pedersen (2005, 2013). In addition to the evidence in Amihud and
Mendelson (1986), Brennan and Subrahmanyam (1996) and Amihud
(2002) show that there is a positive and significant relation across stocks
between expected return and illiquidity, using other measures of
illiquidity costs. Brennan and Subrahmanyam use Kyle’s (1985)
measure of illiquidity which is the price impact of orders, obtained from
intraday estimates using data on transactions and quotes. Their analysis
also provides an estimate of the fixed cost of transacting which is
unrelated to the quantity traded. They find that both cost components —
the price impact and the fixed cost — are priced. Amihud measures
illiquidity by the ratio of absolute daily return to daily (dollar) volume,
denoted /LLIQ, which emulates Kyle’s price impact measure. This
measure estimates how much trading it takes to move the stock price by
one unit. Datar, Naik and Radcliffe (1998) measure stock liquidity by
the stock turnover (share trading volume relative to the number of
shares outstanding). In Amihud and Mendelson’s (1986) equilibrium,
stock illiquidity cost is negatively correlated with the stock’s trading
frequency per period, which can be proxied by turnover. Using equation
(1), they prove that in equilibrium, stocks with high bid-ask spread S; are
allocated to investors with lower trading frequency y,, which they call
“the clientele effect.” A proxy for the trading frequency g, is turnover.
Datar et al. (1998) find that stock expected return is significantly
declining in the stock’s turnover. A number of other studies find a
positive relation between expected return and illiquidity; see Amihud,
Mendelson and Pedersen (2005, 2013).

The empirical studies on the pricing of illiquidity mostly employ
U.S. data. Amihud, Hameed, Kang, and Zhang (2015) provide
international evidence on the positive relation between expected return
and illiquidity, using data from 45 countries divided into 26 developed
and 19 emerging markets. The data cover 22 years, 1990-2011 (for most
countries). For each country, they construct a factor of
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illiquid-minus-liquid stocks (denoted /ML), using the extreme quintile
portfolios of stocks ranked by the Amihud’s (2002) measure, and then
regress /ML on Fama and French’s (1993) factors: the market’s excess
return, the return on small-minus-big stocks and the returns for
high-minus-low book-to-market stocks. There are six such factors: three
global factors and three regional factors which are matched with the
country in that region. The alpha (intercept) from a regression of the
country’s IML on these six common risk factors measure the
risk-adjusted excess return due to illiquidity.

Amihud Hameed, Kang and Zhang (2015) find that illiquid stocks
outperform liquid stocks in nearly all countries. The risk-adjusted
illiquidity monthly premium alpha is 0.82%, 0.45% or 0.73%,
respectively, for portfolio returns that are return weighted,’ value
weighted or volume weighted.* Furthermore, alpha is positive for 84%,
67% and 80% of the countries, using respectively the three weighting
methods, significantly higher than the chance result of 50%. In another
test, Amihud et al. (2015) do a cross-section regression in each country
of monthly stock returns on lagged stock illiquidity (using Amihud’s
measure) and other stock characteristics (size, book-to-market, return
volatility, market risk and past return to capture momentum). Again, the
results show that the average of the cross-sectional coefficient of
illiquidity is positive in 79% of the countries, and its average across
countries is positive and significant. These results show that illiquidity
is positively and significantly priced around the world.

Amihud et al. (2015) also find that there is cross-country
commonality in the illiquidity return premium /ML, after controlling for
the six global and regional Fama-French (1993) return factors. This is
different from the commonality in the level of illiquidity (or shocks to
illiquidity) that are documented for the U.S. by Chordia, Roll, and
Subramanyam (2000), Hasbrouk and Seppi (2000) and Huberman and
Halka (2001), and shown by Brockman, Chung, and Perignon (2009)
and Karolyi, Lee, and van Dijk (2012) to exist in other countries. Lee

3. Return weighting is done following the suggestion of Asparouhova, Bessembinder
and Kalcheva (2010, 2013). It is similar to equally-weighted portfolio returns with the returns
weighted by past returns, in order to mitigate the bias in the calculation of average returns
resulting from noise in returns, which may result from microstructure effects.

4. Volume weighting is done because in many countries outside the U.S. and the U.K.,
where ownership in companies is concentrated in the hands of one or a few entities, the float
is much smaller than the market value of the stock. The trading volume is then more strongly
related to the float than the market value.
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(2011) shows that there is commonality in illiquidity across countries.
The commonality documented by Amihud et al. (2015) is different: it
is in the liquidity return premium, not in illiquidity itself.

Using each country’s /ML series, Amihud et al. construct global and
regional factors of /ML. Then they regress each country’s /ML on the
global and regional /ML which excludes that country’s own series, as
well as on the six Fama-French return factors. They find that the
coefficients of the global and regional /ML are positive for at least 80%
of the countries, significantly higher than the 50% chance result, and
their average is positive, significantly greater than zero. The study finds
that the cross-country commonality in the illiquidity return premium is
stronger in countries with markets that are open to foreign investors.
This is because following the model of Brunnermeier and Pedersen
(2009), changes in the illiquidity premium are related to changes in the
shadow cost of illiquidity, resulting from financial constraints. Thus, in
markets that are financially linked, these constraints are also likely to
move together, which generates commonality in the illiquidity premium.
Amihud et al. also find that following the adoption of the Euro as a
common currency, the commonality in illiquidity among the countries
that adopted the Euro increased.

In summary, following the theory of Amihud and Mendelson (1986),
evidence shows that expected return is an increasing function of asset
illiquidity because investors want to be compensated for holding less
liquid assets. This compensation is different from the compensation that
investors require for bearing risk about asset value.

ITI. The pricing of systematic illiquidity risk

Mliquidity varies greatly over time. Figure 1 presents the monthly
log(ILLIQ). ILLIQ, a proxy for market illiquidity, is the Amihud’s
(2002) illiquidity ratio, averaged across stocks (using value weighting)
for all NYSE and AMEX stocks (CRSP codes 10 and 11) excluding
stock days with stock trading volume of less than 100 shares and
excluding stocks priced below $5. Also, 1% of the extreme observations
are excluded every day.

Panel A shows the strong decline in /LLIQ since the early 1970s, and
panel B shows in greater detail the market /LL/Q for the recent ten-year
period 2005-2014. The rise in illiquidity during the 2008—2009 crisis
is quite strong but illiquidity was lower at the end of 2014 than
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A. The level of log(ILLIQ), 1950-2014
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B. Level of log(/LLIQ) over the last 10 years, 2005-2014
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C. First difference in log(/LLIQ), 2005-2014
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FIGURE 1.— The monthly log(/LLIQ)

Note: /LLIQ is the ratio of daily absolute return to daily absolute volume (in dollars), see
Amihud (2002). The average across stocks is value weighted. The numbers are adjusted such
that the mean of 2014 equals 1.

ever before. The considerable variability in /LLIQ is shown in panel C
which presents the first difference in log(/LLIQ).

The general decline in illiquidity over the recent decades may
explain in part the rise in the stock market prices. By the
Amihud-Mendelson (1986) theory, investors require lower expected
returns on equity claims (relative to Treasury bills, which have the
greatest liquidity) when the illiquidity of these claims is lower. This
means that for any given cash flows that the stocks generate — in terms
of level, risk and growth expectations — the stock value should be higher
when illiquidity falls. This is what we have generally witnessed since
the end of the early 1980s.

The plots show quite clearly that illiquidity varied significantly over
time. Amihud (2002) suggests that these variations should affect stock
values because illiquidity is persistent. The first-order autoregressive
coefficient of log(/LLIQ) is about 0.95, which means that a rise or fall
in illiquidity is likely to persist for a considerable period of time. When
illiquidity rises, investors demand higher expected return which means
that they discount future cash flows at a higher rate. If illiquidity is
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unlikely to affect the stocks’ cashflow (or if the effect satisfies some
conditions), the increased required return implies that stock prices
should fall so the expected return rises. This implies a negative
contemporaneous relation between shocks to market illiquidity and
changes in stock prices, that is, a negative relation between illiquidity
shocks and realized market returns. Amihud further shows that this
negative relation between illiquidity shocks and stock returns is stronger
for smaller, less liquid stocks. That is, illiquid stocks which usually have
higher expected return also have greater sensitivity to liquidity shocks.’

Pastor and Stambaugh (2003) test across stocks the relation between
the liquidity beta, ", or the sensitivity of stock returns to liquidity
shocks, and expected stock return showing that expected return is
increasing in A". They measure market liquidity following Campbell,
Grossman and Wang (1993), as the (negative value of the) coefficient
7; of lagged dollar volume signed by the same day’s stock return, in the
following regression that is carried out for each stock j:

g = 0+(o”d+}/jszgn( ) Viat € )

where 77, is the return on stock j on day din excess of the market return
and v;, 1s the daily dollar volume.® More negative y; means lower
11qu1d1ty They find that y; increases in firm size, as expected, since
larger size means greater liquidity.” Pastor and Stambaugh estimate y;,
for each month ¢ and averaging it across stocks produces y,, the market
liquidity in month ¢. Its innovations from an autoregressive model, Ay,
are then used to estimate each stock’s exposure to liquidity shocks, A%,
obtained as the slope coefficient of the market innovations in liquidity
in a regression model of daily stock returns that also including the three
Fama-French (1993) factors. The predicted A is obtained by using
instrumental variables. Finally, stocks are sorted on their liquidity beta
B" and divided into ten portfolios. Pastor and Stambaugh show that the
differential return on the high-minus-low S portfolio has positive and

5. Amihud (2002) also provides evidence that supports the use of the
Amihud-Mendelson (1986) theory to explain the Mehra-Prescott (1985) equity premium
puzzle. He shows that the equity premium — the market’s excess stock return over Treasury
bills — is partly explained by variations in market liquidity.

6. On a day of zero stock return, the volume obtains the sign of the market return.

7. However, Hasbrouck (2005) finds a small and unstable correlation between 7, and
a measure of Kyle’s 4, that is estimated from microstructure data.
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significant risk-adjusted return. That is, stocks with higher liquidity risk
— higher f* — have higher expected return. This result is consistent with
the evidence in Amihud (2002) that small-stock return which is on
average higher than that on large stock, has higher exposure to
illiquidity shocks.

Acharya and Pedersen’s (2005) broad model of asset pricing
proposes that the CAPM holds for net return, which equals the gross
return minus transaction (liquidation) cost. The expected return of asset
J is formulated as E(r;) = J0E(c) + A{Cov(ri—~;, r,~c,)/Var(r,—c,)},
where ¢ is liquidation costs and ¢ and A are constants reflecting the
impact of expected trading costs on expected return and the market’s
price of risk, respectively. This gives rise to four fs. One is the standard
CAPM f the sensitivity of the stock return to the market return. Then,
there are three liquidity-related Bs: B*' is the sensitivity of the stocks’
illiquidity to the market’s, B** is the sensitivity of the stock’s return to
the market’s illiquidity — similar to the sensitivity estimated by Amihud
(2002) and by Pastor and Stambaugh (2003) — and S is the sensitivity
ofthe stock’s illiquidity to the market return. The respective signs of the
averages of these fs are positive, negative and negative. Finally, the
(unconditional version of the) Acharya-Pedersen’s CAPM model is:

E(rl)=r! + kE(L)+ A8 #4742 57) )

where r is the gross stock return, ¢ is the stock transaction cost and x
adjusts for the difference between the average holding period and the
monthly estimation period. The model is estimated employing /LLIQO
(and its innovations) for NYSE/AMEX stocks, 1964-1999. Stock
portfolios — 25 of them — are constructed by sorting stock on /LLIQ or
on size. The evidence provides significant support for the
liquidity-adjusted CAPM: 1 is positive and statistically significant,
meaning that the liquidity systematic risk is priced. When the pricing of
the three liquidity fs is estimated separately, the most strongly priced
is #°. That is, the most importantly aspect of the liquidity risk is that of
having the stock less liquid in “bad times”, i.e., when the market
declines. In this state of the world the marginal utility of consumption
is higher because wealth and consumption decline, and having to pay
more for trading the stock exacerbates the consumer’s situation.®

8. Chordia, Subrahmanyam and Anshuman (2001) study the effect of total illiquidity
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De Jong and Driessen (2012) extend the analysis of Acharya and
Pedersen (2005) on the pricing of (il)liquidity risk to the corporate bond
market. They find that the annual liquidity risk premium is 0.6% and
1.5% for investment-grade and speculative-grade bonds, respectively.

In summary, if investors care about stock illiquidity to the extent that
they demand higher expected returns on stocks which are more illiquid
(Amihud and Mendelson (1986)), variations in stock illiquidity should
affect stock value. Consequently investors not only prefer assets that are
more liquid, they also prefer assets with smaller exposure to liquidity
shocks. Investors prefer assets whose prices fall less when market
illiquidity rises, assets whose illiquidity rises less with a rise in market
illiquidity, and assets whose illiquidity rises less when there is a
market-wide decline in prices. Empirical evidence supports these
theoretical predictions.

IV. The pricing of conditional illiquidity risk

Subsequent research shows that the extent to which liquidity systematic
risk is priced depends on market conditions. Martinez, Nieto, Rubio and
Tapia (2005) estimate a conditional liquidity-adjusted CAPM, where the
liquidity § is conditional on the aggregate book-to-market ratio in the
economy. From E, [M , (1 +r, )] =1, they assume the price kernel
M, =d,,  +d, r,, +d,, L,L beingliquidityand d, , =d, , +d, bm, for

k=0, 1; 2, bm, being the aggregate book-to-market ratio. They denote
B = cov(rj,,,x, )/var(x,) and B, ,,, =cov(r,,.bm,_x, )/Var(bme,)
for x = r, or L; f;, is related to the liquidity beta of Pastor and
Stambaugh and to ** of Acharya and Pedersen (2005). The innovation
here is that this liquidity beta is made conditional on lagged bm; rise in
aggregate bm implies adverse market conditions. It is expected that f;,
<0and g, <0. The pricing model is

E(”,-) = Yot WBimt VBismt ViBisom T VaBis + VsBim B

risk, not only the systematic risk. They estimate the cross-section pricing of stocks as a
function of illiquidity and risk factors, the volatility of trading activity which measures
liquidity, following Brennan, Chordia and Subrahmanyam (1998). They find that both the
level of liquidity and the volatility of trading activity have a negative and significant effect
on risk-adjusted stock returns. In this analysis, the sign of the effect of the total liquidity risk
is the opposite of that of the systematic liquidity risk, documented above.
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Martinez, Nieto, Rubio and Tapia find that when using Amihud’s
(2002) ILLIQ for L, the coefficients y, and p; are negative and
significant. This implies that the illiquidity § is priced, and particularly
so when the market’s bm ratio has risen, i.e., in times of adverse market
conditions.

Watanabe and Watanabe (2008) study the pricing of illiquidity risk
in the context of a regime-switching model which is made conditional
on the market turnover. They find that illiquidity is significantly priced
only in times of high turnover, which they interpret as times of problems
in market liquidity.

The conditional pricing of liquidity risk of corporate bonds is
studied by Acharya, Amihud and Bharath (2013), employing a
regime-switching model. They employ two series of illiquidity: one is
stock illiquidity which is the innovations in monthly stock market
ILLIQ, and the other is the innovations in the average bid-ask spread of
short-term Treasury bonds. They then use monthly returns of portfolios
of corporate bonds, grouped by their rating. Chen, Lesmond and Wei
(2007) show that corporate bond illiquidity increases monotonically
when moving from safer bonds — bonds with higher rating — to riskier
bonds, those with lower rating. Riskier bonds are more illiquid because
for such bonds the asymmetric information problem, which gives rise
to illiquidity (Bagehot (1971), Glosten and Milgrom (1985), Kyle
(1985)) is exacerbated. Acharya, Amihud and Bharath use a four-factor
model that includes the bond term premium, the bond risk or default
premium — both measured in monthly bond returns — and the two
illiquidity factors. They regress bond portfolio returns on these four
factors and find that the f of the two illiquidity factors declines
monotonically as the credit rating of the bonds deteriorates and their
illiquidity rises. This makes sense: for assets with greater illiquidity risk
the illiquidity f should be lower because when illiquidity rises, their
price falls by more.

But these are the unconditional illiquidity f. Acharya, Amihud and
Bharath then estimate the illiquidity risk in the context of a
regime-switching model, following Hamilton (1994). This procedure
divides the sample observations into two groups, where in each there is
a possibly different estimation of the model. In this estimation, two
bond portfolios are used, one of investment-grade bonds and one of
speculative rating (“junk”) bonds. The excess returns of these bond
portfolios are regressed on the four factors described above. The result
of this estimation procedure is that there are two regimes, 1 and 2. In
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Regime 1, both illiquidity factors are barely priced — in fact, only the
stock illiquidity factor is priced for junk bonds. However in Regime 2
both bond portfolios are strongly priced and in quite a peculiar way. The
coefficients of the two illiquidity factors have negative and significant
coefficients for junk bonds, and positive and significant coefficients for
investment-grade bonds (it should be remembered that these coefficients
are conditional on the general market effect which is captured by both
the default term factors.) This indicates “flight to liquidity” when
Regime 2 is in place. That is investors switch from junk bonds that are
less liquid to the more liquid investment-grade bonds.

Acharya, Amihud and Bharath then examine the characteristics of
these two regimes. They find that likelihood of Regime 2 is higher in
times of macroeconomic distress or recession measured in a number of
ways, low market liquidity measured by high TED spread and dealers’
inventories coupled with high market volatility. That is the pricing of
illiquidity varies over time as a function of the state of the economy.
Acharya, Amihud and Bharath find the same pattern to hold for stock
portfolios sorted on their book-to-market ratio, which they find to be
related to their likelihood of default.

In summary, while liquidity risk is priced on average the pricing
effect of illiquidity shocks varies as a function of business and financial
conditions, being stronger in times of economic stress and capital
funding illiquidity.

V. The pricing of the systematic risk of the illiquidity return
premium factor

The two major studies of the systematic liquidity risk of stocks — Pastor
and Stambaugh (2003) and Acharya and Pedersen (2005) — and the
study of illiquidity risk in bonds by Acharya, Amihud and Bharath
(2013), estimate asset security systematic risk with respect to
innovations in market illiquidity. Instead, Liu (2006) and Amihud
(2014) estimate the stock systematic risk with respect to the illiquidity
return premium, which is the differential return on illiquid-minus-liquid
stocks. Amihud denotes his illiquidity return premium factor by /ML,
illiquid-minus-liquid stock return premium (see above, the discussion
of Amihud, Hameed, Kang, and Zhang (2015)). The difference between
the two approaches of measuring systematic risk can be illustrated by
using the familiar CAPM. The systematic risk estimated by Pastor and
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Stambaugh (2003) and £“* in Acharya and Pedersen (2005) are similar
to estimating the stock systematic risk with respect to innovations in the
market’s monthly return volatility, o,, , while the CAPM’s f is estimated
with respect to (,, — 7)), the excess market return over the risk-free rate,
which is the return premium for bearing the risk g,, .* Amihud’s IML has
a similar role for illiquidity as the market excess return for risk. Both
measure the return premium.' Liu constructs a high-minus-low
illiquidity return using non-trading days and the reciprocal of stock
turnover as measures of illiquidity; turnover proxies for the stock’s
holding period which is related to liquidity (Amihud and Mendelson
(1986)) and it is priced in the cross section (Datar, Naik and Radcliffe
(1998)). Amihud constructs the factor IML, the return on
illiquid-minus-liquid stocks or the return on the high-minus-low quintile
portfolios of stocks sorted on their /LLIQ, after having been pre-sorted
by their volatility into three equal portfolios. The risk-adjusted average
return on Amihud’s /ML for the period 1950-2012 is about 4%
annually; the four control risk factors are those of Fama and French
(1993) and Carhart (1997).

Next, Amihud (2014) estimates the systematic risk — f — of the
Fama-French-Carhart factors and of /ML for the Fama-French 25 (5x5)
and 100 (10x10) stock portfolios, which are composed of stocks sorted
on size and their book-to-market ratio. Both these variables, especially
size are empirically related to illiquidity and thus can be considered as
instruments for illiquidity risk. In standard cross-sectional
Fama-Macbeth (1973) tests of the pricing of the factors’ s, the IML p,
call it 53,,,;, has a positive coefficient which is statistically significant for
the Fama-French 25 portfolios.

This section has introduced the pricing of the systematic risk
associated with illiquidity return premium or the covariance of the
excess return on an asset with the excess return that investors require for
holding illiquid assets. This is different from the pricing of the
systematic risk associated with variations in the level of liquidity. In
what follows we show that this pricing too — like the pricing of

9. Ang, Hodrick, Xing and Zhang (2006) estimate the stock f or exposure to
innovations in a factor that reflects aggregate volatility risk, proxied by VIX. They find that
this S is priced.

10. Amihud (2014) also presents estimates of the relative /ML, which is the IML per unit
of'the spread in the illiquidity between the liquid and illiquid portfolio relative to the market’s
overall illiquidity.
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illiquidity systematic risk, reviewed in Section IV —is conditional on the
state of the capital market and in particular as a function of funding
liquidity.

VI. The pricing of the conditional systematic risk of the
illiquidity return premium factor

Amihud (2014) proposes that it is the conditional /ML f that is priced,
where f3,,,; varies with the state of the funding liquidity in the market.
This follows the analysis of Brunnermeier and Pedersen (2009) on the
positive effect of funding illiquidity on market illiquidity and on the
price of illiquidity. That is, stocks whose excess returns have greater
exposure to the market illiquidity return premium in periods of funding
illiquidity — on top of their regular exposure to the market illiquidity
return premium — have greater expected return. The empirical
formulation follows Ferson and Schadt (1996) and Ferson and Harvey
(1999) where the CAPM S is conditional on lagged macroeconomic
variables whose values are known when the investors price the assets.
Amihud uses as a conditioning variable the yield spread between BAA
and AAA corporate bonds, which proxies for funding illiquidity. An
increase in the yield spread implies greater difficulty in raising funds.
Using conditional /ML f, Amihud obtains that this f is positively
and significantly priced. That is, stocks whose IML’s systematic risk
rises more when funding illiquidity is worse, have higher expected
return. In a “horse race” between the pricing of the conditional /ML p,
both are properly priced, although the significance of the conditional
IML p is greater and its pricing is consistent over subperiods, whereas
the pricing of the illiquidity £ is not. The same results apply when using
Pastor and Stambaugh’s (2003) measure of illiquidity. The pricing of
the conditional § — the f of IML conditional on the state of funding
illiquidity — is stable over time whereas the pricing of the S of the
Pastor-Stambaugh (non-traded) liquidity factor is not."'

11. Notably, though, the results here are not directly comparable with those of Pastor and
Stambaugh because the liquidity § of the Pastor-Stambaugh liquidity factor is estimated here
for portfolios and not for individual stocks as done in Pastor and Stambaugh (2003), and it
is not instrumented. Also, pastor and Stambaugh (2003) aggregated stocks into portfolios by
their instrumented liquidity f whereas here, stocks are aggregated by their size and
book-to-market ratio.
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In summary, the analysis shows that stock systematic risk associated
with illiquidity is priced, when (1) this is systematic risk is measured as
the exposure of the stock excess return to the market illiquidity premium
excess return, and (2) this exposure is conditional on the state of the
market in the sense that it is greater when the market is subject to
funding illiquidity. This effect is shown to be economically and
statistically significant, and it is consistent over time.

VII. Concluding remarks

This paper presents the evolution of the models that price illiquidity.
The basis for the entire analysis is that investors care about illiquidity
costs and therefore price them. Amihud and Mendelson (1986) propose
amodel of investor’s behavior which predicts that asset expected return
is an increasing function of the asset’s illiquidity cost, and they present
empirical evidence that support this prediction. Subsequent research has
presented additional evidence that supports the positive relation
between expected return and illiquidity costs, both in the U.S. and
around the world.

The next phase of research on the pricing of illiquidity has shown
that systematic illiquidity risk is priced, where systematic risk is
measured as the exposure of stock returns to shocks in market illiquidity
and the exposure of stock illiquidity to the market return. This research
shows that the systematic illiquidity risk is priced: the higher the stock
exposure to illiquidity shocks, the higher its expected return. This
research has been also extended to the pricing of corporate bonds.

The research that follows proposes that it is the conditional
illiquidity risk that is priced. Research on stocks and bonds shows that
in periods with benign economic and market conditions, illiquidity risk
is not priced whereas in periods of adverse economic and market
conditions, illiquidity risk is strongly and significantly priced.

Finally, the systematic risk associated with illiquidity is measured
in a different way. Whereas earlier research examines illiquidity risk
with respect to shocks in market illiquidity as characteristic, most recent
research examines the systematic risk as exposure to the market’s
illiquidity return premium. As such, the analysis is analogous to that of
the classic CAPM which measures systematic risk with respect to the
market’s risk premium. It is shown that it is the conditional systematic
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risk of illiquidity premium that is priced, when the conditioning variable
is a proxy for the funding liquidity conditions in the market.

The study of the pricing of systematic liquidity risk is still only at its
early stages. One difficulty with the theoretical analysis and empirical
estimation is that they are based on a single-period holding, while
Amihud and Mendelon’s (1986) model shows that the effect of liquidity
on asset pricing depends on investors’ holding period, which is different
for different investor clienteles. The resolution of this problem is a hard
challenge.
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