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Abstract

The first chapter of my thesis is devoted to give a new look to the relation between
the stock market return and liquidity in US stock markets. The notion of liquidity un-
derlying this thesis is the ease of trading. While most of the empirical literature on
liquidity-return relation concludes that illiquidity has a positive effect on stock returns,
this paper documents strong empirical evidence on the asymmetry of the effect. More
specifically, cross-sectional regression results show that the effect of illiquidity on individ-
ual stock returns is positive if the stock underperforms the market and negative if the
stock outperforms the market. Empirical analysis also shows that the mentioned asym-
metric effect is more pronounced in times of higher market illiquidity. A theoretical model
is proposed to explain this new evidence by attributing the asymmetry of the effect to
liquidity providing. Simply put, the model suggests that the effect of illiquidity is the
change in expected return that is received by liquidity providers and paid by investors
demanding it. In the model’s framework, the change in expected returns is affected by
how the stock is currently performing and how illiquid it is, i.e. how liquidity providing is
worthy. Hence, illiquidity-return relation is expected to be more pronounced when market
is less liquid, or when liquidity becomes more expensive.

The second chapter studies the the effect of liquidity of corporate bond market in-
spired by finding in the first chapter. The empirical evidence provided by this paper
supports those of chapter one. In other words, The results of testing for nonlinearity in
illiquidity-yield spread in corporate bond market on the other hand suggest that illiquidity
asymmetrically affects bond yields spreads.

The third chapter studies the effect of liquidity in sovereign bond market. This pa-
per analyzes the Eurozone sovereign bond markets over 2003 to 2012 to investigate how
variations in bond yields are affected by credit, liquidity and redomination risk, specially
before and during Euro-zone crisis period. The key contribution of this paper is to show
the so-called flight to liquidity effect is not supported by empirical analysis after taking
in to account all the playing factors affecting bond yields. The results suggest that the

default risk is the most relevant driver for the yields specially for high yield countries.
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Chapter 1

Asymmetric effect of Illiquidity on
Stock Returns

The role of current performance
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Chapter One:

Asymmetric effect of Illiquidity on Stock Returns
The role of current performance
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1.1 Introduction

The effect of illiquidity on stock returns has been studied by numerous numbers of papers.
Almost all of the researchers who studied this effect conclude that stock returns increase
with illiquidity or illiquidity risk. There are number of reasons to expect such effect. A
wise investor would ask for a premium for taking the risk of difficult trading in the future.
Since this risk is higher for less liquid securities, the return should be higher for more
illiquid assets to compensate investors for this risk. Another way of explaining the effect
is using “transaction cost”. Due to the fact that the transaction cost of trading a more
illiquid security is higher, ceteris paribus, its demand and consequently its price are lower,
which in turn means that its current return is lower and next period return is higher. As
a matter of fact, these two arguments are the basis for two very popular frameworks for
analyzing the illiquidity-return relation, which will be described later.

However, none of the mentioned explanations are compatible with the new empirical
evidence that this study documents. Figure (1.1) gives a very basic idea of how returns
are asymmetrically affected by illiquidity. There are four panels in this figure showing the
weekly returns of twenty five illiquidity portfolios using the data on the universe of NYSE-
AMEX stocks over the sample period 1962 through 2011 and Amihud [2002]’s illiquidity
measure. In each week, all stocks in the sample for that week are ranked by their illiquidity
measure and divided into twenty five illiquidity portfolios. In each portfolio, individual
stock’s net return, which is stock’s weekly return minus market return, is computed.
Then, portfolios are further grouped into loser stocks group (stocks with negative net
return) and winner stocks group (stocks with positive net return). Finally, returns in
the next week for all portfolios are computed. In all the panels, both the value-weighted
and equal-weighted return of illiquidity portfolios are graphed and the straight black lines
present the trend lines for equal-weighted returns. Panel a graphs the return of loser
illiquidity portfolios. There is a clear upward trend in both equal-weighted and value-
weighted returns. This is what we expect based on current literature. However, what we
don’t expect to observe is what panel b graphs. There is a negative trend in both value-
weighted and equal-weighted returns for winner illiquidity portfolios. Similar to panel a,
the trend for value-weighted return is less strong. One possible explanation for this would
be that illiquidity and size are highly negatively correlated. Generally, larger firms are
more liquid. As a result, within each illiquidity portfolio, less illiquid stocks are larger
ones and this in turn mitigates the effect of illiquidity on portfolios’ value-weighted return.
Panel ¢ graphs the return for the merged illiquidity portfolios. No obvious pattern could
be observed for equal-weighted return, but an upward trend exists for value-weighted
return. This is what we get when we don’t take into account the asymmetry of the effect
of illiquidity. Although in this case the positive effect still prevails, obviously, this is
not all we can get from the effect of illiquidity on returns, having in mind panel a and
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b. Panel d graphs the return of the merged illiquidity portfolios where the sign of the
return of winner illiquidity portfolios is altered. In fact, panel d has the same spirit as a
trading strategy that goes long on loser illiquidity stocks and shorts on winner illiquidity
stocks. In this case, the effect of illiquidity is definitely positive for both value-weighted
and equal weighted returns. For monthly frequency the same pattern is observable, which

is not reported for the sake of brevity.

Figure 1.1: Tnis figure plots the time series average of weekly returns of twenty five illiquidity portfolios using the data
on the universe of NYSE-AMEX stocks over the sample period 1962-2011 and Amihud [2002]’s illiquidity measure. In each
week, all stocks in the sample for that week are ranked by their illiquidity measure and divided into twenty five illiquidity
portfolios. In each portfolio, individual stock’s weekly returns minus market return (net-return) are computed. Then,
portfolios are further grouped into loser stocks group (negative net-return) and winner stocks group (positive net-return).
Finally, returns in the next week for all portfolios are computed. In all the panels, both the value-weighted (red dotted
line) and equal-weighted (blue line) returns are ploted and the straight black lines present the trend lines for equal-weighted
returns. Panel a and b plot the return of loser and winner illiquidity portfolios, respectively. Panel ¢ graphs the return for
the merged illiquidity portfolios and finally panel d graphs the return of the merged illiquidity portfolios where the sign of
the return of winner stocks is altered.

Panel a: Next week return of illiquidity portfolios, only loser stocks Panel b: Next week return of illiquidity portfolios, only winner stocks
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To explain the above surprising pattern in returns with respect to illiquidity, this paper
proposes a theoretical model that attributes the asymmetry to costly liquidity providing.
The fundamental assumption of the model is that there are impatient investors in the

market that would trade a security as a response to its current performance. The model’s
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basic intuition is that liquidity providers change their required return for the liquidity they
provide to impatient investors. Liquidity providing may increase or decrease the expected
return of liquidity providers depending on whether liquidity is provided to impatient
traders who want to sell a security that has faced a negative price change, or traders
willing to buy a security that has a recent price appreciation. In the former case where
a security currently has a negative return but is liquid enough, there is no reason to
expect a change in the expected return. But in case the security is illiquid, liquidity
providers that accommodate the selling pressure caused by traders trying to get rid of
that security, will ask for higher return. Hence, we would expect an increase in return as a
reward to liquidity providers. This reward is increasing in how much worthy the provided
liquidity is, i.e. trader’s selling pressure. Two factors may affect selling pressure. First,
securities that have a recent poor performance are subject to be sold more aggressively
by impatient traders and those with poorer performance face stronger selling pressure.
Second, for higher illiquidity levels selling pressure is higher because it makes it more
difficult to sell the unwanted security.

In the latter case where a stock has a recent good performance, the story is almost the
same. Demand pressure would be caused by impatient traders willing to buy the security
which is increasing in security’s illiquidity and its level of good performance. Likewise,
liquidity providers who fulfill such demand would ask for higher return, which in this case
translates in a negative change in security’s return. As seen in figure (1.1), the distinction
between the cases where illiquidity affects loser or winner securities would add a lot of
explanatory power to the illiquidity measure. As will be shown, it also considerably
increases the goodness of feet of a model that studies the cross-sectional differences of
stock returns.

The proposed theoretical model suggests that underlying process that generates such
pattern in data is the premium asked by liquidity providers to impatient investors. This
explanation treats current return as a way to introduce attractiveness and would work
with other sources of attractiveness as well. Simply put, if there is an illiquid security
which is very attractive for some investor to buy, or unattractive enough to sell, we
would observe the same pattern. In the section for the theoretical model, T will show
how traders’ misperception of a stock’s value accompanied by supply shocks generates
conditional negative autocorrelation. Here the term "misperception” is a general term
to describe all the motivations that make some traders (but not all of them) impatient
in trading a stock. I don’t study the nature of these motivations but only assume the
existence of some of them that initiate the selling or buying pressure. This impatience
should be accompanied by illiquidity to generate the negative autocorrelation in returns.
Otherwise, liquidity providing is worthless and there is no reward on that.

Given the existence of the relation between illiquidity and returns described above,

it is normal to expect a more pronounced effect when the whole market is more illiquid.
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This is because when the market is more illiquid, liquidity providing becomes worthier
and more expensive for investors asking for it. I also test this hypothesis in the empirical
part of the paper and show how data supports it.

The rest of the paper is organized as follows. In section II, I briefly review the literature
on the effect of illiquidity on stock returns. In section III, using the US stock market data,
I present empirical evidence on the asymmetry of the effect of illiquidity on stock returns.
In this section, I also present the implications of the new empirical evidence on Acharya
and Pedersen [2005] results. In section IV, I present a simple theoretical model to explain
the mechanism thorough which illiquidity affects stock returns. And finally in section V,

I conclude.

1.2 Review of the literature

The existing literature on illiquidity-return relation is vast and contains a lot of evidence
regarding positive premium for illiquidity, not only in stock markets, but also in other
security markets like options and bond markets. Beside the importance of the reported
findings about the illiquidity effect, one of the major concerns in the literature is how
to measure illiquidity. In the existing literature, illiquidity is (mostly) defined as the
ease of trading a security. But there are many ways to interpret the word “ease”. The
disagreement on how to measure illiquidity is reflected in the fairly big number of measures
that are proposed to proxy it. Each of the measures captures one aspect of illiquidity (or
meaning of the word “ease”). Discussing about details of these measures or the advantages
or disadvantages of each of them is not the aim of this paper. A good reference on
illiquidity sources and its aspects is Amihud et al. [2005].

Amihud and Mendelson [1986] is one of the very first papers studding the illiquidity
effect on returns in the US equity market. Using the effective spread as the measure for
illiquidity, the authors present evidence of the positive effect of illiquidity on stock returns.
However as they conclude, the effect is decreasing in illiquidity as in equilibrium more
illiquid stocks are held by investors with longer investment horizons and it decreases the
compensation they ask for holding more illiquid shares. Ever since, researchers attempted
to study the relation and making contribution by, such as, using various measures for
illiquidity (e.g. Swan and Westerholm [2002]), testing the effect in other markets like
option market (e.g. Christoffersen et al. [2012]) and bond market (e.g. Amihud and
Mendelson [1991]), testing the anticipated relation using data from other countries (e.g.
Koch [2010] and Bekaert et al. [2005]), testing the time-series effect as well as the cross-
sectional effect (e.g. Amihud [2002]), measuring illiquidity risk premium (e.g. Pastor and
Stambaugh [2003] and Acharya and Pedersen [2005]) and so on and so forth.

There are two main approaches in the literature to study the effect of illiquidity on
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returns. The first approach takes illiquidity as one of the deterministic characteristics
that affects the security’s price. In this approach there is no illiquidity risk involved
and in most cases, it is used to examine the explanatory power of illiquidity level toward
cross-sectional differences in returns. Among others, Amihud and Mendelson [1986], Swan
and Westerholm [2002] and Amihud [2002]follow this approach. As mentioned above, the
authors using this approach generally report that less liquid securities have higher returns.

The second approach on the other hand, takes illiquidity as systematic risk. In this
approach, securities with higher exposure to illiquidity related-risks are expected to have
higher returns. Hence, unlike the previous approach, expected return of securities would
be higher depending on how much they are subject to illiquidity risk, even though their
illiquidity level is not high. For example Pastor and Stambaugh [2003] argue that stocks
with greater sensitivity to market-wide liquidity, exhibit higher expected returns. Acharya
and Pedersen [2005]’s study adjusts the capital asset pricing model to take into account
illiquidity risk. Their simple model introduces three new betas and add them to the one
conventional beta in CAPM model. They also present empirical evidence supporting their
model implied predictions. I discuss this paper in more detail in the next section.

In this paper the first approach is taken. I use individual stock’s illiquidity to explain
cross-sectional differences in returns. But unlike the previous studies, I take into account
the asymmetry of the effect and show how it improves the explanatory power of the
model (see section III). To my knowledge, this is the first time that the asymmetric effect
of illiquidity is taken into account. However, there are two papers that are in close relation
to my work and worth reviewing.

Campbell et al. [1993] study the relation between trading volume and return autocor-
relation. Although the paper is not directly related to illiquidity, its underlying logic is
very useful in understanding the mechanism of changing the expected returns. In their
model, price fluctuations could be attributable to new follow of public information that
causes all traders to adjust their valuation of the stock, or it could be due to selling pres-
sure caused by random jumps in risk aversion of a part of investors. In the former case
there is no reason to believe that expected returns on the stock market would change.
While in the latter case, voluntary liquidity providers require higher expected return to
compensate for their inventory risk bearing (immediacy providing). This is brought about
by a decrease in current price and return. Hence, while it changes the price, new flow
of public information is unlikely to cause high volume of trade. On the other hand, risk
aversion jumps are followed by risk reallocations that are reflected in high trading vol-
ume. As a result, return reversals are more likely to be accompanied by larger negative
autocorrelation in stock returns.

Avarmov et al. [2006] argue that given the implication of Campbell et al. [1993] model,
the return reversals should be more pronounced for stocks with low liquidity. This rea-

soning is the basis of my theoretical model. They test this hypothesis using data from
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CRSP for the universe of NYSE-AMEX stocks over the sample period 1962 through 2002.
Their proxy for illiquidity is the Amihud [2002] measure (see section IV for more detail).
What they found, however, is that return reversals are observed only for negative return
stocks and for relatively short time horizons e.g. weekly data.

The theoretical model that I present in section IV is similar to Campbell et al. [1993]
model in terms of the solution techniques and is based on Avarmov et al. [2006] idea.

This is a simple model to show how illiquidity affects returns in an asymmetric way.

1.3 Empirical evidence

In this section, I present empirical evidence on the asymmetry of the effect of illiquidity
on stock returns. The empirical analysis starts with analysis of the effect of illiquidity
on individual stocks and portfolio returns over weekly as well as monthly frequency data.
Then it continues with studding the effect of market illiquidity on return-illiquidity rela-
tion. Finally, I present the implications of this new findings for the results reported by
Acharya and Pedersen (2005).

1.3.1 Methodology

The analysis is performed for both weekly and monthly frequency data using Fama-
MacBeth cross-sectional regression method. In each period, individual stocks’ return will
be regressed on a bunch of explanatory variables all from previous period. Three empirical
approached are employed to account for asymmetry in the effect of illiquidity on returns.
The first approach would be using the interaction term between illiquidity and return to

explain the return in the next period:
Rt+1 = Qg + OélRt + OéQ[t + Oég[t * Rt + (9Xt

Where R; and I; are individual stock’s return and illiquidity, respectively and X; is con-
sisting of all control variables in period ¢t. A negative and significant coefficient is expected
for the variable R; % I; because I expect the illiquidity to increase the negative autocorre-
lation.

Another approach to examine the effect is changing the sign of illiquidity measure if
the current return is positive (or negative). The reason is that the sign of the effect of

illiquidity is conditional on the current return:

OR 41 .

b >
8It <0 Zf Rt >0

8Rt-&—l .

a—]t >0 ’lf Rt <0
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However, we can make it unconditional by changing the sign of it conditional on current

return:

ORy 1

(1)

OR
ol

This way, a (bigger in absolute term) positive effect would be expected no matter the

>0 if R >0

>0 1f R;<O

current return is positive or negative. Empirically, the following model is tested:
Rt+1 = Qg + OélRt + OéQIt* + ¢9Xt

I' =21 % (1)« Ig,>0 + I * 1R, <0

Where 1 is the indicator function.
The third approach would be running the estimation using dummies for two groups
of observations, observations corresponding to positive current return and observations

corresponding to negative current return:
Ri1 = ap + ay Ry + ao Dumpy * I, + agDumny x I, + 0X,

Dumpy = 1g,>0 , Dumny = 1p,<0

In this case, a negative sign is expected for a, and a positive sign is expected for ag. The
results corresponding to all the three approaches are reported in the following sections
and would be compared to estimation of the specifications which does not consider the

asymmetry of the effect.

1.3.2 Data

Data is obtained for individual stocks from CRSP daily stock file for the universe of NYSE-
AMEX stocks over the sample period 1962 through 2011. Dividend yield and book equity
is obtained from COMPUSTAT. I only use the observations for ordinary common shares
(share codes 11 and 12). Shares with price less than one dollar are dropped from the
sample. For the weekly analysis, I require a share to trade every day of a week before it
is included in the sample for that week. Following Avarmov et al. [2006], I define a week
such that it starts on Wednesday and ends on Tuesday. For monthly analysis, a share
should have at least fifteen observations in a month before including in the sample for
that month. Monthly returns are directly obtained from CRSP monthly stock file. In case
of missing data for a specific month, the return is computed using daily returns. Weekly
returns as well as missing monthly returns are compound returns for the period of time
they belong to. Returns are being adjusted for stock delistings to avoid survivorship bias,
following Shumway [1997].
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The illiquidity measure that is used in this paper is Amihud [2002]’s measure defined
by:

1 Days! R |

i Z t
[LLIG . = Days! %
ysi 3 d

Where Days! is the number of observations available for stock i in period ¢, R; is return
in day d and Vj is dollar volume trading in the same day. This measure is computed for
both weekly and monthly analysis. ILLI(Q) is widely used in empirical studies including
Acharya and Pedersen [2005] and Avarmov et al. [2006]. Table 1.1 gives some descriptive
statistics of the data used in the analysis. Returns are net of market return at the same
period they belong to. The interesting point of table 1 is that, on average, and for both
weekly and monthly frequencies, individual stocks face a decrease in their net of market

return.

1.3.3 Other control variables

Following Amihud [2002], I include beta in all specifications which is computed for each
year and individual stock using Scholes and Williams [1977] method. In each cross-
sectional regression in year t, the values for beta in year ¢ — 1 are used. Another way
of incorporating beta in the specifications would be, for example, computing it exactly
for one year ending at the week (or month) the cross-sectional regression is estimated.
However, this procedure ends up with a completely insignificant coefficient for beta. To
control for the possible effect of idiosyncratic risk on returns, standard deviation SD
of each individual stock return is also computed in the same year and is used in the
regression. In portfolio analysis, beta and standard deviation are computed as the simple
mean of the beta and standard deviation of all stocks in each portfolio. Amihud [2002]
also includes dividend yield in the cross-sectional regressions. Following Amihud, I use
this variable devyld in the specifications to control for its explanatory power. devyld; is
calculated as the sum of the dividends during the year prior to the year associated to
week (month) ¢ divided by the end-of-year price in the same year. Finally, I include book
equity to market equity BE /M E in the regressions, which is reported by many papers to
have explanatory power toward returns. Like other variables, in performing the portfolio
analysis, I will use simple averages of these variables using all stocks in a portfolio as
BE/ME and devyld of that portfolio.

To check the sensitivity of the results to using Amihud’s illiquidity measure, the re-
gressions are re-estimated using turnover as a measure for liquidity. Turnover is defined
as the summation of the number of traded shares of a stock over its outstanding shares.
This measure is used in a number of empirical studies as a proxy for liquidity. For ex-

ample, Datar et al. [1998] conclude that NYSE stock returns are negatively related to
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turnover. To make turnover a measure for illiquidity, I use its product with minus one.
Using inverted turnover would be a alternative way but since this measure would be highly

nonlinear in turnover, I avoid it.

Table 1.1: Sample descriptive statistics

Weekly data Mean Var SD Min Max
i RM -0.00017 0.004 0.06 0994 1.00
Ré — Ré‘f 0.00002 0.005 0.07 -0.876 2698
illiq; (x1076) 5.7 10,0576 100.2 0 44 7312
tmwj 155 1.169.7 342 0 99928
size; (/1076) 1.9279 1.090e+08 104411 0.067 5885251
N 5,223 435
Monthly data Mean Var SD Min Max
i RM -0.00001 0.016 0.13 1.047 3.99
Ré — Ré‘f 0.00010 0.017 0.13 -1.046 125
illiq; (x1076) 5.64 42338 63.1 0 16,8139
tmvr; 64.07 144782 1203 0.001 27.691.0
size! (/1076) 1.916.9 1.097e+08 10,4732 0.083 5792423
N 1,206,374

1.3.4 Fama-MacBeth regression analysis

In this section I present the results of Fama-MacBeth regressions for both weekly and

monthly frequency data and for individual stocks as well as portfolio analysis.

Individual stock analysis

Table 1.2 presents the results of Fama-MacBeth regression analysis for weekly frequency
data. In each week, returns of individual stocks at week t+1 are regressed on their current
return, illiquidity meaure and other control variables. In all specifications, Reti has a
negative and significant coefficient of order -0.08, which confirms our expectation that
current return negatively affects future return. Surprisingly, beta appears with negative
and insignificant coefficient, and standard deviation of return is positive and significant in
all the specifications. The positive and significant coefficients on book to market equity
suggest that there is a return premium for stocks with greater relative book value. Column
(1) shows the regression using illiquidity as an independent variable without taking into
account the asymmetry. This variable has a positive coefficient of magnitude 0.1 with high
statistical significance, which means that on average, illiquidity has a positive impact on
future returns as we observed in figure 1.1 panel c¢. In column (2), two other control
variables, size and turnover, are added to the specification. Both variables appear with

statistical significant coefficient. After this change, the coefficient on illiquidity increases
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to 0.17 with a relatively higher statistical significant. In column (3), the first empirical
approach is tested by including the illiquidity-return interaction term. The coefficient
on this variable is negative as expected and compared to the coefficient on illiquidity
in column (2) has a considerably larger t-static. The goodness of fit of the model also
slightly increases to 4.25 percent from 4.20 in column (2). Specification in column (4) is
very interesting since it shows that illiquidity loses its significance in a regression where
the illiquidity-return interaction term is included. In column (5), the variable of interest
is defined as:
Illiqy = Illigy * (—1) % 1g,>0 + Illig: * 1p,<o

Comparing the coefficient on this variable and on illiquidity in Column (2) shows that the
magnitude is more than doubled and the statistical significant is increased by a factor of
three. However, the goodness of fit decreases to 4.12 percent in this specification. Column
(6) and (7) explicitly show that the effect of illiquidity is asymmetric. Using Dump and
Dumn which are dummy variables equal to one when current net return is positive and

negative respectively, I apply the third empirical methodology.
[Table 1.2 here]

The results in these columns show that the effect of illiquidity is negative for positive
net-return stocks and positive for negative net-return stocks. In column (6), the absolute
value of the coefficients on illiquidity dummies has almost the same magnitude.

In a number of empirical studies e.g. Liu [2006] and Koch [2010], turnover is used as
a measure of liquidity. Both studies find a strong negative relation between turnover and
equity returns. However, the results of replicating tests using (minus) turnover as another

measure for illiquidity with the same empirical methods are surprising.
[Table 1.3 here]

Table 1.3 presents the results using minus turnover (henceforth mturnover) as a measure
for illiquidity. As this table shows, in the first two specifications containing mturnover,
this variable comes with a negative and significant coefficient which is not what we expect.
However, if we disentangle the effect of turnover on positive and negative net return stocks,
the results become less surprising. Column (3) shows the result of applying the first
empirical approach. The coefficient on mturnover-return interaction term becomes more
significant both statistically and economically compared to the coefficient on mturnover

in column (1). In column (5), the variable of interest if defined by:
mTrnor; = mTrnory * (—1) * 1g,>0 + mTrnur, * 1g,<o

The coefficient on this variable has the predicted positive sign and is highly significant.

However, in terms of absolute value, it reduces from more than 1.6 in the first column
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to 1.3. Columns (6) and (7) show the results of applying the third empirical approach
using mturnover. As expected, the coefficient for positive net return stocks is negative
and significant. However, the coefficient for negative net return stocks is also negative
and slightly significant.

Using Amihud’s measure, the results of weekly analysis are strongly in support of the
idea of asymmetric effect of illiquidity on returns. However, the effect of mturnover is not
completely asymmetric. Although the results in table 1.3 exhibit a slight improvement in
columns (3) and (5) compared to frist two columns in terms of coefficient on mturnover,
they do not entirely reflect the predicted pattern of the effect of illiquidity on returns.
More specifically, the effect is more significant both economically and statistically for
positive net-return stocks, where the coefficient comes with the predicted negative sign.
However, as will be shown, the results for monthly data are robust to using mturnover.

Table 1.4 presents the results of the estimation of the same specifications as in table
1.2 using monthly frequency data. The results, like in table 1.2 for weekly data, very
strongly support the idea of asymmetric effect. Current return is still highly significant
in all specifications with expected negative sign and absolute value roughly around 0.04.
Unexpectedly, both beta and standard deviation of return come with negative sign and
insignificant coefficients. Book to market equity is positive and significant as it was in
tables 1.2 and 1.3. Interestingly, illiquidity without considering asymmetry is not a signifi-
cant explanatory variable for monthly returns. More specifically, although the coefficients
on Illig! in columns (1) and (2) are positive, they are not statistically significant. Results
in column (3) show that the product of current return and illiquidity affects the future
return negatively and it is highly significant. Moreover, statistical significance and size of
the effect of Illig} as in column (2) becomes noticeably larger in column (5) where it is
replaced by Illigi*. The last two specifications in columns (6) and (7) also confirm that

the effect is asymmetric for negative and positive net return stocks.
[Table 1.4 here]

Just like table 1.3, I replicated the test for monthly data using mturnover as a measure for
illiquidity. The results could be found in table 1.5. As shown in the first two columns of the
table, the coefficient for mturnover is negative and does not have statistical significance.
But, the results clearly show that when we take into account the asymmetry of the effect
of mturnover, it becomes highly significant with predicted signs. The coefficient on return-
mturnover interaction term in column (3) is as high as 20.16. in column (5), the coefficient
on mTrnur* is positive and highly significant. The results in the last two columns are
also in complete support of the idea of the asymmetry of the effect.

Overall, monthly analysis gives somewhat better estimations in terms of highlighting
the asymmetric effect since it shows more compatible results when using mturnover. Indi-

vidual stock analysis results are highly supportive for the paper’s hypotheses. The results
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show that considering the asymmetry of the effect highly improves our understanding of
the illiquidity-return relation. More specifically, we found a negative (and insignificant in
case of monthly data) relation between mturnover and return, which seems to be surpris-
ing considering the existing literature. But after we disentangle the effect of turnover on
winner and loser stocks, the coefficients come with predicted signs (and become signifi-

cant).
[Table 1.5 here]

In case of Amihud’s measure, the results show that the overall positive effect of illiquidity
on returns found in the literature is mostly related to the effect of illiquidity on loser stocks,
which is indeed stronger. Based on the model’s intuition, this means that unsophisticated
investors are more motivated to sell a poorly performing security rather than buying a
highly performing one with the same liquidity status. As a results, the relatively higher
strength of the effect on loser stocks offsets the effect on winner stocks and we observe a
overall positive effect (see column (2) in tables 1.2 and 1.4). But we would measure the
whole effect only if we add the two effects together. That way, the effect would be more
pronounced and the results show that indeed it is more noticeable (see column (5) in 1.2
and 1.4).

1.3.5 Portfolio analysis

Most of the empirical studies in the literature perform portfolio analysis rather than
individual stock analysis. The main reason is that the huge amount of noise existing in
individual stocks data will balance out in portfolios. This gives a researcher the ability
to get the results related to the research question while he cannot get such results using
individual stocks data. In this section I rerun the tests based on the same empirical
approaches mentioned above but with forming portfolios.

In each week (month), net return of each stock is computed as before and is grouped
into two positive and negative net return sets. Then each positive and negative net return
set of stocks are ranked by this variable separately, and five portfolios of each set (ten in
total) are formed. Stocks of each portfolio are further sorted by their illiquidity measure
into ten illiquidity portfolios. At the end a hundred net return-illiquidity portfolios are
formed. Current and future returns, as well as other explanatory variables of portfolios are
computed as simple average of the values for individual stocks in each of the portfolios.
R-squared of each specification is obtained from average of R-squared of all the cross-

sectional regressions.

[Table 1.6 here]
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Table 1.6 presents the results of portfolio analysis for weekly frequency data. As the
table shows, the effect of illiquidity is apparently not a explaining factor for future returns
unless the asymmetry is taken into account. Interestingly, the coefficient on illiquidity
in column (1) is not significant and is negative. In column (2) it remains insignificant
and negative after size is included in the specification. On the other hand, the coefficient
on the product of current return and illiquidity in columns (4) and (5) are negative and
highly significant. The effect of Illigt”, with the same definition as before, is positive and
significant. Finally, columns (6) and (7) clearly show that the effect of illiquidity exists

and is asymmetric.
[Table 1.8 here]

Table 1.8 presents the results for portfolios analysis using monthly data. Just like the
case for weekly data, all the results confirm the hypothesis that the effect of illiquidity on
returns is asymmetric.

What could be understood from the results in this section is that, on the individual
stock level data, between the two directions of the effect of illiquidity, the relative strength
of the effect on loser stocks is higher. As a consequence, the outcome effect remains sig-
nificant as an explaining variable for return even without considering asymmetry. In this
case, considering the asymmetry of the effect makes the outcome effect more pronounced.
But in portfolio level data (specially in monthly data) illiquidity dramatically loses its
significance and the only way to revitalize the effectis to take into account the asymmetry
of it. This finding is not sensitive to which measure of illiquidity we use. Tabulated
regression results show that using mturnover as a measure for illiquidity doesn’t change
the conclusion. Hence, studding the illiquidity-return relation without considering the
asymmetry would be misleading.

The power of the tests and the level of significance of the effect suggest that the same
mechanism would exist and the same results should be observed in other markets like bond
markets and option markets. The reason is that, based on the intuition of the model in
section 4, the type of security is not a main determinant of the illiquidity-return relation.
Hence, it may be possible that the reported positive effect of illiquidity on returns in these
markets is nothing more than the two conflicting directions of the effect where the relative

strength is higher for positive direction.

the effect of market illiquidity

In this section I study the effect of market illiquidity on return-illiquidity relation. The
hypothesis to test is that the asymmetric effect of illiquidity on returns should be more
pronounced in times of higher market illiquidity, because liquidity providing becomes

worthier and more expensive for investors demanding it. As a result, returns should
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react more severely as a response to one unit of change in illiquidity when market is
generally more illiquid. Acharya and Pedersen [2005] argue that the correlation between a
stock’s illiquidity and market illiquidity has a positive effect on expected returns because
investors are willing to accept lower returns for stocks that become more liquid when
market becomes illiquid. This lower return is what investors pay to have more liquid
stocks in more illiquid market times. This reasoning has the same spirit as arguing that
when market becomes illiquid, liquid stocks become more expensive.

To empirically test the hypothesis, I chose to use the portfolio analysis method. In
each week (month) net return-illiquidity portfolios are formed as before but they are
further sorted by the market illiquidity measure, which is the simple mean of illiquidity
measure of all stocks in the sample for that week (month). All observations are clustered
into quartiles based on market illiquidity. For example the first quartile corresponds to
observations related to times of lowest market illiquidity and last quartile corresponds
to observations related to times of highest market illiquidity. Using the same empirical
approaches as above, I regress the portfolio’s return in the next period on information in
the current week (month) for all quartiles. The prediction is that the estimated coefficients
for illiquidity are lager for higher market illiquidity quartiles.

Studying the effect of market illiquidity adds a time series dimension to previous tests.
While Amihud’s measure seems to be ideal for cross-sectional analysis, its dependency
to price, volume and return makes it very sensitive to general market conditions. For
example, suppose that in period t as a consequence of an economic boom, market return
increases. Cross-sectionally, the relative illiquidity of individual stocks doesn’t change.
But, this has a direct effect on average market illiquidity measure without illiquidity
being affected by return in reality. As a result, comparing Amihud’s measure in two
different market times may reflect non-liquidity changes in the market. The same could
be said for price and volume. Although, the measure can be improved by controlling for
price increase over time, the second illiquidity measure, mturnover, seems to be a more
trustable measure in time series analysis as it is not dependent on other time-varying
factors. To control for the inflation effect in Amihud’s illiquidity measure, I multiply it
by PM, which is the ratio of market capitalization at the end of week (month) ¢ — 1 and
market capitalization at beginning of the sample period. In computing PM,, T do not
require stocks to have trading activity boundaries. For the sake of brevity, I only report

the results for the first and last market illiquidity quartiles.
[Table 1.10 here]

Table 1.10 reports the results for weekly portfolio data. Using the first empirical approach,
columns (1) and (2) show that the negative coefficient on the illiquidity-return interaction
term becomes noticeably larger when market is highly illiquid. The same is observable in

columns (3) and (4) when the coefficient on Illig* is significantly different between two
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states of market. Columns (5) and (6) show that in times of market illiquidity, the effect
is indeed larger on both loser and winner stocks.
Table 1.11 reports the results of replicating the same regressions using mturnover as a

measure for illiquidity, where the estimated coefficients confirm all the previous findings.
[Table 1.11 here]

Replicating the analysis with monthly data gives two opposite results. The results using
Amihud’s measure for market illiquidity show that the effect of it is the reverse of what
expected. In columns (1) and (2) of table 1.12, the coefficient on the interaction term
of current return and illiquidity is more negative when market is less illiquid. It is also
the case for other columns that the effect of illiquidity decreases with market illiquidity.
However, untabulated results show that without considering P, the adjustment to con-
trol for inflation, the results become as expected. Moreover, table 1.14 shows that using
mturnover as a measure for illiquidity, we get the predicted results. Comparing coefficients
in columns (1) and (2) in this table, we see that the size of the effect of return-mturnover
interaction term is quite larger in high mturnover market times and it is not even statisti-
cally significant in low mturnover market times. The same pattern is observable in other
columns.

Overall, the results show that market illiquidity pronounces the effect of illiquidity on
returns. Amihud’s measure for illiquidity does not seem to be trustable for time series
study because of its sensitivity to time varying factors. Even in case of weekly frequency
data, where using Amihud’s measure gives the expected results (see Table 1.10), the
coefficient on current return decreases (in absolute terms) with market illiquidity which is
surprising. Based on the model, when illiquidity increases, current return becomes a more
important factor in describing the future return. This is what we see using mturnover

and in both weekly and monthly frequency data.

1.3.6 Implications on Acharya and Pedersen [2005]

In this part of the paper, I present empirical evidence on how considering the asymmetry
of the effect of illiquidity changes the results reported by Acharya and Pedersen [2005].
Before doing so, I briefly explain the paper’s basic intuition and empirical methodology.
However, I don’t go deep into the details, which would be found in the original paper.
Acharya and Pedersen [2005] (henceforth AP) study the effect of illiquidity risk on returns.
To do so, they augment the capital asset pricing model to take into account illiquidity
risk. Their simple model adds three new betas to the one conventional beta in CAPM
model. The prediction of their model is that these newly introduced illiquidity-related
betas affect the stocks’ expected return as what follows. First, high levels of historical
correlation between stock’s illiquidity and market illiquidity increases the expected return.
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This is similar to market beta in CAPM model which reflects the compensation investors
ask for stocks that are highly correlated to market portfolio in terms of illiquidity. Second,
investors are willing to accept lower return for stocks for which the historical correlation
between the return and market illiquidity is high. The higher is this correlation, the return
is higher in times of high illiquid market. Third, the expected return on stocks whose
illiquidity is highly correlated with market return is lower because investors will benefit
having a more liquid asset in down market periods. Using an overlapping generation

framework, AP’s solution for stock’s conditional expected return becomes:

COUt(Tzﬂa 7"%1)
vary(riy —ty)
COUt(CiHa C%rl)
tvart(rﬁl — )
covy (14, Cﬁl)
vary(cily — i)
COUt(CiHa Tﬁl)

vary(rity —cMy)

Ey(ri ) =1+ Ei(ciy) + M

+ A

+ M\

+ A\

Where ¢, .71, ,¢%, and r}f, are individual stock’s relative illiquidity cost, individual
stock’s return, market illiquidity cost and market return, respectively. What is new
in this relation with respect to conventional CAPM is the last three parts, known as
illiquidity betas. The first effect, covy(cl, ,¢}f,) captures the premium investors want, to
be compensated for holding a security that becomes illiquid when the market in general
becomes illiquid. cov(ry,,cit,) captures the decrease in required return for investors
that are willing to accept a lower return on an asset with a high return in times of market
illiquidity. covy(c},,r{;) captures the decrease in premium for investors willing to hold
a liquid asset in times of low market return.

Using this relation, AP test their hypothesis on how expected return reacts to liquidity
related risks. The illiquidity measure that is used by AP is Amihud’s measure. However,
AP make an adjustment to this measure to make it stationary and offset inflation effect.

To do so, they introduce:
¢t =min(0.25+0.30 x ILLIQ! x PM,, 30)

Where PM| is the ratio of the capitalizations of the market portfolio at the end of month
t — 1 and at the end of July 1962. Using ¢!, in each year, all the stocks in the sample are
ranked and 25 illiquidity portfolios are formed. Then illiquidity betas are computed for

each portfolio as:

v _ coun(ri, it — B,y (1))
varr = Ea(r) — (@ — Ba(@))
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Finally, the following model is tested for portfolio returns using Fama-MacBeth regression

analysis:
E(r? —rl) = a4 kE(&) + A3 + \g2 — Ag°F — A\g*F

Graph 1.2 presents the estimated betas following the same procedure as AP for the sample
used in the previous section. There are only two differences between the procedures
employed in this paper with respect to original procedure in AP. First, the sample period
used in AP is 1962 to 1999, while in this paper; it is extended to 1960 to 2011. Second,
I formed a hundred illiquidity portfolios instead of twenty five. This is because with a
hundred illiquidity portfolios the changes in the results when asymmetry is introduced
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are more sensible. However, the estimated betas reported here are pretty much similar to
what AP present.

Table 1.14 reports the estimated Fama-MacBeth regression for exactly the same spec-
ifications taken by AP. Except for the magnitude of coefficients, they are very similar
to AP’s results in other aspects like sign of the coefficient, statistical significance and

goodness of the fit of the estimations. Note that:
ﬁnet,P — BIP + ﬁ2P _ ng _ 64P

and coefficient associated to E(c”) in specifications 1, 4 and 7 is a predetermined number

equal to the average of turnover of all the stocks in the sample. This number equals to
0.034 in AP.

[Table 1.14 here]

The next step in this section is replicating the above analysis considering asymmetry
in the effect on illiquidity. To do so, I make two changes to the procedure of forming
the portfolios. The first change is that I form net return-illiquidity portfolios. In each
month, net return of all stocks is computed and stocks are grouped into two positive
and negative net return sets. Then each positive and negative net return set of stocks
are ranked by this variable separately, and five portfolios of each set (ten in total) are
formed. Stocks of each net return portfolio are further sorted by their illiquidity measure
into ten illiquidity portfolios. At the end a hundred net return-illiquidity portfolios are
formed. For example, portfolios 1 to 10 are associated to the first illiquidity deciles but
correspond to lowest to highest net return portfolios. Similarly, portfolios 91 to 100 are
highest illiquidity portfolios with portfolio 91 being the lowest and portfolio 100 being the
highest net return portfolios. The second change that I made to the original procedure is
reallocating portfolios within each month rather than within each year.

Graph 1.3 plots the estimated betas following the modified procedure. The changes for
B and 3" with respect to graph 1.2 are very noticeable. For 87 illiquidity portfolio
groups follow the same pattern as betal in graph 1.2. But obviously, within each illiquidity
portfolio group, there is a negative trend. For 33", while there is an interesting hump-
shape pattern within each illiquidity portfolio group, similar to graph 1.2, the trend across
illiquidity groups is negative. There is no noticeable pattern for 32" and $* with respect
to graph 1.2.

Using the estimated betas, I rerun the Fama-MacBeth regressions with some modifi-
cations with respect to AP. The first modification is that I add each portfolio’s return in
month ¢ — 1 to all specifications. This variable, as I showed in previous sections, turns
out to be a very powerful explanatory factor for portfolio’s current return. The second

modification is, using two dummy variables on negative and positive net return portfolios,
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Figure 1.3:
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I employed new variables generated by the product of the dummies and original explana-
tory variables in the regressions. More specifically, let NRY | be the portfolio P’s net

return in time ¢ — 1. Then, I define dummies as:
Dumpl =1 Dumnf =1
umpy = INgrP>0 > umng = INygrP<o

Finally, the cross-sectional regression for Fama-MacBeth analysis gets the following spec-

ification:
E(rf — 7’{) = a -+l + Dumpl [RE(E) + AT + \g2F — A\p*T — \BY]

+Dumnl [kE(F) + A8 + A\3*F — A\g*F — \3*7

I don’t report the estimation results with pre-calculated s since the assumption of this
analysis is that x has the opposite sign for negative and positive net return portfolios.
Table 1.15 presents the results. Interestingly, confirming the findings in previous sections

of this paper, the coefficient on r!” | is negative and highly significant in all specifications.
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Mliquidity cost, F(c), has different signs for different net return portfolios in all specifi-
cations that it is incorporated in the regression. However, it is only partially significant
and in none of the specifications, the coefficients on this variable for both groups are
significant simultaneously.

In columns (1) and (2), although insignificant, the coefficients on betal and "¢ have
the opposite signs for different net return portfolios. In column (3), the coefficients are
significant for both groups but with noticeably different magnitudes. For both betal and
beta-net, the size of the coefficient for positive net return group is one tenth of the size of
the coefficient for negative net return group. Perhaps, the most interesting specification
in table 13 is the one in column (4), where the coefficients on betal and beta-net have the
opposite signs for different net return portfolios and are significant. This specification is
comparable to column (6) in table 1.14, where the coefficients on 8 and g% are -0.12
and 0.13 respectively. Apparently for the last two columns in table 1.15, disentangling two
groups of portfolios does not improve our understanding of the expected return-illiquidity
betas’ relation. However, they are not meant to explain a lot the variation of expected
returns, since AP’s model implied restriction is the premium for all risk factors should be
equal. Given this, the only relevant specifications in tables 1.14 and 1.15 are those with

only 8" as the risk factor.

[Table 1.15 here]

1.4 The Model

The aim of this section is to propose a model to describe the mechanism through which
illiquidity affects stock returns. The model is kept as simple as possible and based only
on standard basic assumptions. It is assumed that there are two assets in the economy,
a risk-free and a risky asset. I employ the idea that some investors have misperception
about the risky asset’s value from DeLong et al. [1990]. Although maximizing their utility,
in De Long et al paper these traders are called “unsophisticated“ and are introduced to
show that noise trading could be profitable and as a result, could be persistent in the
market. Here I use this idea to simulate any reason that motivates some investors, apart
from asset’s fundamental value, to sell or buy it more aggressively.
In the current model, misperception about the risky asset’s value will be one of the

drivers of fluctuations of its price, whereas in De Long et al (1990) it is the only one.
I include this variable in the model to simulate “unsophisticated  traders’ behavior
of impatience. Whenever this variable is positive, these type of traders buy the risky
asset more aggressively and vice versa. Another source of risky asset’s price change in
the market is supply shocks. The idea behind this assumption is that not all market
participants are available in the market all the time. Amihud et al. [2005] considers this
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as a source of illiquidity. In the model, illiquidity arises when selling (or buying) pressure
is accompanied by a positive (or negative) supply shock. In the opposite case, for example
when selling pressure exists in the market, negative supply shock absorbs the pressure and
there would be no reward on liquidity providing. The combination of these two random
variables is the most important determinant of the price process.

The intuition of the model is as follows. Suppose that unsophisticated investors be-
come bullish and increase their demand for the risky asset. In case the risky asset is
liquid enough, i.e. the random supply is positive, there is no reason to expect that the
expected return of sophisticated investors is higher than that of unsophisticated investors.
This is because, liquidity providing is not worthy at all and there is no reward on that.
But in case the risky asset is illiquid, i.e. the random supply is negative, sophisticated
investors would provide liquidity to unsophisticated investors and as a consequence, they
would ask for a raise in their expected return. Note that the higher expected return is
brought about by selling an overpriced asset to unsophisticated investors which in turn
increases the current return and decreases the future return. The opposite case is when
unsophisticated investors become bearish and potential sellers. When the random sup-
ply is negative, there is no reason for sophisticated investors to have higher expected
return than unsophisticated investor. Otherwise, sophisticated investors would buy the

underpriced asset and in turn, increase their expected return.

1.4.1 The economy and the solution

Risk-free asset pays the guaranteed amount R = 1+4r where » > 0. The supply of risk-free
asset is assumed to be demand-elastic. Risky asset pays a random amount of dividend in
each period:

D, :ﬁ+dt where ﬁt >0

D is the constant over time part of the dividend process and d; is the random part. It is
assumed that d; follows and AR(1) process:
div1 = agdy +usy where 0 <ug <1
In each period, all investors receive a signal, s;, about the future dividend shock:
Upp1 = St + €1
sy~ N (07 0'3 )
g, ~ N(0,£%)

It is also assumed that s; and €, are independent processes. As mentioned earlier, the
model assumes that two types of investors exists in the market. w percent of investors

are sophisticated (type A) and others are unsophisticated (type B) investors. While both
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types are utility maximizers, the difference between the two types is that type B investors

misperceive the risky asset’s value by a random process:
k’t ~ N(O, 0"3.)

Both types have constant absolute risk aversion parameter p. In each period both types

solve the following optimization problem:
max  Ey[—exp(=pWisi)]
Type A investors solve the above problem subject to:
Wis1 = RW, + X(Pi1 + Dis1 — RP)
Type B investors solve it subject to:
W1 = RW, + XB(Py + Dyyy — RP + k)

Where W; and P, is the wealth and risky asset’s price processes and X/ and XP are
demands for the risky asset by type A and type B investors, respectively. Moreover, it
is assumed that in each period, there is a random supply of the risky asset which shapes

the market clearing condition in each period:
wX? + (1 -w)XP =X,
Where
X; = X+ Tt
Tir1 = Q¥ + 241 where 0 <a, <1
2 ~ N(0,02)

Negative or positive random supply means that there is a random demand or supply for
the risky asset, respectively. Given the assumptions about the economy, the fundamental

value of the risky asset, F}, could be obtained by:

=1 RD 1 R
Ft:Et[nZ:O ﬁDt+n|5tadt] = +R—ozd5t+ R—addt
and its variance is given by:
1 R?
2 2 2
T R=a” T R—aa?”

The fundamental value, however, is different than equilibrium price of the risky asset. In

this economy, the equilibrium price is given by

P, = Fy, — Dy + 0 + ke +7x Xy
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As a proof, assume that price is a function exactly like above. Then it is possible to define
excess return as:
ERi 1 = Py + Dy — RB

Using the function for price and fundamental value we can obtain the following for excess

return in time ¢t + 1:

1
ERi 1 = =1y + vx(Xig1 — RXy) + Yi(keyr — REy) + radstﬂ + n_ ad€t+1 (1.1)
Then its expectation and variance conditional on information at time ¢ are:
Ey(ERiy1) = —r(y0 + 'YXX) + vx (o — R)xy — e Rky (1.2)

vary(ERy1) = 0p + %05 +7i0;
Based on model’s assumptions, type A and B investors’ demand for risky asset are:

XA _ —r(v0 +7xX) + x(az — R)xy — v RE,
t — 2 2 9 2 9
p(os + %02 + Vio})
—T(”}/() -+ ”YxX) + ’Vx(ax — R).%‘t — ’)/kRk’t —+ kt
p(o + %02 +7i0})

X =

Market clearing condition gives:
o _ 2
r( gammag + vxX) + vx (o — R)zy — v Rk = pogpXs — (1 — w)k; (1.3)

Where
0%n =05+ Pyo> + Plo;
This equation gives the sufficient conditions to solve for parameters in the price equation.

More specifically it gives following three conditions:

Ve = 1_Tw
Tx = pal-1£ /(1 - ;g*)] st. o2 <o (1.4)
o = X(WX—TﬂU?zR)

where 9

~ 18 positive since w < 1. ~vx is negative for both roots. But the root with positive sign is

more consistent with the fact that when ¢% and o7 converge to zero, yx should converge

2

to zero. This is because as 0% and o7 converge to zero, o2

remains the only source of
risk in the model and since both types of investors’ exposure to this risk is identical, its
importance in determining the price should fade out. The same (yx converging to zero)
should happen in case 02 converges to zero and this is another reason to accept the root
with positive sign. Provided that the mean supply X is positive, 7y is also negative since

vx 1s negative.
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1.4.2 Interpretations

When the mean supply is positive, the results imply that all types of risk decrease the
price through F,. This includes the asset’s fundamental risk, supply risk and the risk
that type B investors will become bearish. This could be called “abundance® effect: any
source of risk would decrease demand and price when supply is positive (risky asset is
abundant). On the other hand, when the mean supply is negative, the price is increasing
in risk. Contrary to the previous case, negative supply makes the supply worthier and
risk would farther decrease it and pushes up the price. Likewise, this could be called
“scarcity “effect.

The model implies that bullishness raises the price and bearishness decreases it. It
is intuitive since positive misperception increases type B investors’ demand as well as
aggregate demand, while negative misperception decreases both. The size of the effect is
a direct function of the ratio of type B investors. On the extreme cases where all investors
are sophisticated, the effect is zero and where all investors are unsophisticated, the effect
is just the discounted value of the misperception.

Positive random supply also decreases the price and negative one increases it. Random
supply’s effect is a decreasing non-linear function of type B investor’s ratio, 1 — w with
negative second order effect. This means that, ceteris paribus, smaller values for random
supply would be enough to offset the effect of certain amount of misperception, as the
type B investor’s ratio increases.

Given the solution for the model, demand function for both investor types are the

following:
1—w)k
X=X, - % (1.5)
ER
k
XP =X, + (1.6)
9ER

As expected, type A investor’s demand for risky asset is decreasing in mispercep-
tion value and it is increasing for type B investor. Using equation 1.1, excess return’s
unconditional autocorrelation is given by:

1 - 7y%0%(R—a,)(1 — a,R)

PER = P} [ 2
OLR 1—aZ

— Ryjo}]

With a, < }%, the autocorrelation value is negative and otherwise the sign is unknown.
Moreover, ogg is a highly nonlinear function of 1 — w, the ratio of unsophisticated in-

vestors.

1.4.3 Relative expected returns

What could be interesting in this setup is analyzing sophisticated investors’ expected

excess return relative to unsophisticated investors. The expected relative excess return
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could be defined as the product of the two investor types’ holding of the risky asset and
the expected excess return defined in 2.4:

1—w)k?

AER, = E(ER 1) (X[ — XP) = #

POER

— ktXt

AFER; has two parts. The first part is positive and captures the increase in sophisticated
investor’s expected return as a result of unsophisticated investors’ misperception. It could
be also regarded as the penalty that type B investors incurs because of their misperception.
The second part captures the increase in expected return coming from liquidity providing
behavior. But this term really increases AER; when k; and X; have different signs i.e.
when illiquidity arises. Suppose that type B investors have positive misperception but the
random supply is negative. What happens in this case is that type B investors will demand
a large amount of the risky asset and type A investors will provide more liquidity and
increase their expected return relative to expected return of the other type. The opposite
case is the same. When unsophisticated investors’ misperception is negative (enough)
and random supply is positive, they sell more aggressively and it is type A investors who
absorb this supply and in turn will ask for higher expected return.

From the setup above, it may seem that these are always the sophisticated investors
that have superior position compared to the other type, in the sense that they always
have higher expected return. However, it is not the case. AFR; is a quadratic function
of k; and takes its lowest value when:

k‘* _ O—%R
t - p—
2(1 —w)

Interestingly, with this value for misperception we will have:

2 2
« pPo X

Which is decreasing in the random supply, no matter it is positive or negative, and always
negative unless the random supply is zero. In this situation unsophisticated inventors,
although having misperception about the price, perform absolutely better. However, a
necessary condition for this to happen is X; and k; having the same sign and this is
equivalent to have liquid risky asset. To see this better, note that positive misperception
increases the price (since P is positive) and positive random supply decreases it (since
Py is negative). When the net effect is negative, the price of the risky asset falls below
the fundamental value. At the same time from equations 1.5 and 1.6 we see that unso-
phisticated investors ask more of the risky asset which is underpriced. Especially when

ky = k;, from 1.3 we have:

¢
E(BRup) (k) = F2EEL
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which is positive since random supply is assumed to be positive. The case when both
random supply and misperception are negative is pretty much the same. In this case
unsophisticated investors will sell the overpriced asset more aggressively and the expected

return of type A investors would be negative.

1.4.4 Model implications

According to the results of the model, two key points that determine who is going to have
higher expected return are how liquid is the asset and how large is the misperception. For
sophisticated investors to be rewarded for liquidity providing, illiquidity is a necessary
condition. The reward for liquidity providing is an increasing function of illiquidity and
also how motivated unsophisticated investors are to trade the asset as a result of price
misperception. As mentioned earlier, the research question of this paper is not the sources
of the price misperception. However, there two key assumptions about the underlying
process that generates the price misperception. The first assumption is that it exists and
is specific to a part of investors and not all of them. If all of the investors always remain
wise or patient enough, or if all of them become foolish or impatient, the model doesn’t
work. The second assumption is that misperception should be independent of the risks
that affect the cash flow process of the risky asset. Otherwise, liquidity providers would
incorporate it to re-compute the present value of the future cash flows of the risky asset and
adjust their demand function. A reasonable motivation to generate misperception, which
characterizes the asymmetry of the illiquidity effect, is the current performance net of
market return. Impatient investors would sell a security that is currently underperforming
and buy an outperforming security, in a more aggressive manner. Based on the model’s

framework, two conclusions could be drawn:

e Controlling for market return, illiquid and currently positive (negative) return stocks

will face a(n) decrease (increase) in their return and

e The amount by which the return decreases (increases) is related positively to secu-

rity’s illiquidity and negatively to its current performance.

These two conclusions describe the situations in which the liquidity providing becomes
worthier in the model. But it is natural to think of possible similar situations outside
the model. One of these situations is when market becomes more illiquid. Obviously, in
times of more illiquid market, the reward on liquidity providing would be higher because
liquidity supply is lower. Hence, it is expected that the relation described in the second
prediction above is more pronounced in times of illiquid market. It leads us to make the

third conclusion as:

e The effect of illiquidity and current performance on expected utility as described

above, is more pronounced in times of more illiquid market.
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More specifically, the first two conclusions talk about the sign of the effect and the third
talks about the magnitude: for the same level of illiquidity and current return, expected

return is higher when market is more illiquid.

1.4.5 Conclusion

In this paper I study the effect of illiquidity on stock returns using a new view point.
While current literature generally concludes that the positive effect exists not only in
the US stock market but also in other markets and also other countries, using data on
NYSE-AMEX individual stocks, this paper provides strong evidence supporting that the
effect is asymmetric and not always positive. I employed two widely used measures for
illiquidity which are Amihud’s (2002) illiq and turnover. The results highly confirm the
existence of asymmetric effect of illiquidity in cross-sectional analysis. Moreover, using
turnover which is a less sensitive measure for liquidity relative to Amihud’s measure, I find
that market illiquidity increases the asymmetric effect of illiquidity on returns. Moreover,
the empirical evidence suggests that not considering the asymmetry of the effect, may
result in finding illiquidity not significant in explaining returns, or finding a negative
effect of illiquidity on returns. The theoretical model gives a consistent explanation of the
mechanism through which illiquidity affects stock returns. Simply put, the model says
that the effect is the change in expected return that could be considered as the price for
liquidity and is paid by investors demanding it. When demand for illiquidity is initiated
by investors willing to buy a stock, the change in expected return is negative and vice
versa. Based on this reasoning, when there is an incentive for buying an illiquid stock,
there should be a consecutive negative return and when there is an incentive for selling
an illiquid stock, there should be a consecutive positive return, and this relation is more

pronounced when market is less liquid.
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Table 1.2: Cross-sectional relation between stock returns and Amihud’s illiq, weekly Fama-
MacBeth regression

(1) (2) (3) (4) (5) (6) (7)
Rety 4 Rety 4 Rety 4 Rety 4 Rety 4 Rety 4 Rety 4
Ret; -0.0805***  -0.0806***  -0.0738***  -0.0721***  -0.0770***  -0.0763***  -0.0764***
(-46.66) (-46.75) (-41.39) (-41.10) (-44.29) (-43.95) (-44.04)
Beta -0.000291  -0.000292  -0.000299  -0.000301  -0.000292  -0.000288  -0.000289
(-1.69) (-1.70) (-1.71) (-1.76) (-1.66) (-1.68) (-1.69)
SD: 0.0299** 0.0298** 0.0292** 0.0315** 0.0279* 0.0304** 0.0303**
(2.61) (2.62) (2.58) (2.77) (2.48) (2.65) (2.66)
BE/ME} 4.22e-4***  4.29e-4***  4.A4Te-4***  4.42e-4™*  4.37e-4™*  4.25e-4"*  4.32e-4***
(4.95) (5.12) (5.15) (5.31) (5.00) (5.01) (5.18)
devyld, -1.94e-5 -3.60e-5 -3.43e-5 -3.61e-5 -3.51e-5 -1.98e-5 -3.59¢-5
(-0.90) (-1.17) (-1.13) (-1.19) (-1.15) (-0.92) (-1.17)
Illig! 0.0732 0.0727 -0.0419
(1.83) (1.82) (-0.92)
Sizel -0.0192 -0.0207 -0.0206 -0.0198 -0.0202
(-0.75) (-0.82) (-0.81) (-0.78) (-0.80)
(Illiq
*Ret)! -7.677 -10.18**
(-15.66) (-19.37)
Illigi 0.400***
(14.96)
(Dump
«11liq)! -0.517**  -0.517***
(-9.05) (-9.03)
(Dumn
«11liq)} 0.491*** 0.489***
(9.77) (9.74)
_cons 0.00201***  0.00203***  0.00202***  0.00200***  0.00205***  0.00200***  0.00202***
(6.28) (6.35) (6.23) (6.31) (6.27) (6.27) (6.34)
N 4,174,497 4,174,497 4,174,497 4,174,497 4,174,497 4,174,497 4,174,497
R? 0.0421 0.0431 0.0434 0.0469 0.0421 0.0446 0.0456

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

This table contains the results of estimating weekly NYSE-AMEX stock returns on its deter-
minants for the period 1962 to 2011. Illig; is Amihud’s (2002) liquidity measure for stock i at
period t and Illig;* is defined as:

ik~ I8 g [ _ - _
Lligy* = Ilhqt * (—1) % 1R7£7Rln20 + Illig; * 1pi_ gy <o
and Dumpi and Dumn; are defined as: '
Dumpy = 1gi_gm>o and Dumng = 1gi_pm o where Rj and R are individual stock and market
returns on period t, respectively. p-values are reported in parentheses.
*p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.3: Cross-sectional relation between stock returns and turnover, weekly Fama-

MacBeth regression

(1) (2) 3) (4) () (6) (7)
Reti+1 Reti_k1 Reti_k1 Reti_k1 Ret%_k1 Ret%_k1 Reti_i_l
Ret! -0.0826***  -0.0826***  -0.0919***  -0.0920***  -0.0925***  -0.0933***  -0.0933***
(-48.00) (-48.09) (-49.09) (-49.09) (-52.21) (-52.28) (-52.35)
Betal -4.97e-4**  -5.00e-4** -2.90e-4 -4.95e-4** -2.94e-4 -4.97e-4**  -0.000499**
(-2.96) (-2.98) (-1.65) (-2.95) (-1.67) (-2.96) (-2.99)
SD: 0.0235* 0.0235* 0.0282* 0.0225* 0.0302** 0.0232* 0.0232*
(2.12) (2.13) (2.51) (2.04) (2.70) (2.10) (2.11)
BE/ME! 4.81le-4***  4.87Te-4***  4.23e-4"**  4.78e-4***  4.24e-4***  4.75e-4"**  0.000480***
(5.56) (5.72) (4.86) (5.62) (4.89) (5.50) (5.66)
devyld: -1.15e-6 -1.43e-5 -2.47e-5 -1.24e-5 -2.31e-5 9.15e-7 1.16e-5
(-0.05) (-0.46) (-0.78) (-0.39) (-0.73) (0.04) (-0.37)
mTrnort -1.636***  -1.632*** -1.602***
(-12.35)  (-12.34) (-11.23)
Sizel -0.0188 -0.0177 -0.0184 -0.0187 -0.0193
(-0.75) (-0.70) (-0.73) (-0.74) (-0.77)
(mTrpor
xRet)} -10.22%** -9.111%**
(-13.31)  (-11.24)
mTrnort* 1.330***
(18.50)
(Dump
smTrnor) -2.936*** -2.932%**
(-19.88) (-19.87)
(Dumn
smTrnor)} -0.350* -0.348*
(-2.15) (-2.14)
_cons 0.00153***  0.00155***  0.00204***  0.00157*** 0.00199***  0.00151***  0.00153***
(4.86) (4.93) (6.24) (5.02) (6.08) (4.80) (4.87)
N 4186208 4186208 4186208 4186208 4186208 4186208 4186208
R? 0.044 0.045 0.043 0.048 0.042 0.046 0.047

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

This table contains the results of estimating weekly NYSE-AMEX stock returns on its
determinants for the period 1962 to 2011. mTrnovr! is turnover for stock i at period ¢
and mTrnor* is defined as:

Tlliqy" = 1lligy * (—1) * Lgi_ppso + 1Uig; * 1pi g g
mTrnory* & mTrnory  (=1) * Lgi_gpso + mIrnory  1gi_gmog
and Dump; and Dumn; are defined as:
Dump;, = 1pi_gm> and Dumng = 1gi_pmo where R; and Ry" are individual stock and
market returns on period t, respectively. p-values are reported in parentheses. * p < 0.05,
** p < 0.01, ¥** p < 0.001
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Fama-MacBeth regression
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stock returns and Amihud’s illiq, monthly

v ® w © ® © 0
Reti, Retiq Rety iy Rety iy Reti iy Rety iy Rety iy
Ret! -0.0488***  -0.0490***  -0.0434***  -0.0395***  -0.0446***  -0.0437***  -0.0439***
(-12.40)  (-1248)  (-11.00)  (-10.18)  (-11.44)  (-11.20)  (-11.29)
Betal -0.00137 -0.00138 -0.00144 -0.00145 -0.00134 -0.00140 -0.00141
(-1.60) (-1.60) (-1.64) (-1.69) (-1.50) (-1.64) (-1.64)
SD: -0.0151 -0.0155 -0.0205 -0.00717 -0.0278 -0.0113 -0.0118
(-0.25) (-0.26) (-0.33) (-0.12) (-0.45) (-0.19) (-0.20)
BE/MEZ 0.00166*** 0.00170***  0.00181*** 0.00173*** 0.00175*** 0.00167*** 0.00171***
(4.19) (4.36) (4.41) (4.44) (4.23) (4.21) (4.38)
devyld: -0.000178  -0.000289  -0.000307*  -0.000287  -0.000297  -0.000175  -0.000288
(-1.61) (-1.89) (-2.01) (-1.89) (-1.95) (-1.59) (-1.89)
Lilig} 0.204 0.204 -0.258
(0.87) (0.87) (-0.89)
Sizel -0.0336 -0.0434 -0.0388 -0.0401 -0.0362
(-0.30) (-0.38) (-0.34) (-0.35) (-0.32)
(Illig
+Ret): 75057 -14.38%
(-5.85) (-10.51)
Tllig™ 1.200%**
(7.84)
(Dump
*Illiq)é -1.622%** -1.620%**
(-5.27) (-5.26)
(Dumn
«Illiq): 1.259%*  1.256**
(4.60) (4.59)
_cons 0.0118*** 0.0119*** 0.0120*** 0.0117*** 0.0120*** 0.0117*** 0.0118***
(8.19) (8.21) (8.14) (8.13) (8.11) (8.15) (8.17)
N 962173 962173 962173 962173 962173 962173 962173
R? 0.057 0.058 0.058 0.062 0.057 0.060 0.061

t statistics in parentheses.

* p < 0.05, ** p < 0.01, *** p < 0.001

This table contains the results of estimating monthly NYSE-AMEX stock returns on
its determinants for the period 1962 to 2011. Illigi is Amihud’s (2002) liquidity measure

for stock i at period ¢ and Illig/* is defined as:

and Dump: and Dumn! are defined as:
Dump; = 1gi_gm>o and Dumng = 1gi_pmo where R; and Ry are individual stock and
market returns on period t, respectively. p-values are reported in parentheses. * p < 0.05,
#* p < 0.01, ¥ p < 0.001
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Table 1.5: Cross-sectional relation between stock returns and turnover, monthly Fama-

MacBeth regression

(1) (2) 3) (4) (5) (6) (7)
Ret} Ret_ Ret}_ | Ret} Ret} | Ret}_ | Ret}
Ret! -0.0485***  -0.0487***  -0.0685***  -0.0697***  -0.0624***  -0.0624***  -0.0625***
(-12.20)  (-12.37)  (-15.41)  (-15.65)  (-15.30)  (-15.24)  (-15.31)
Betal -0.00176* -0.00176* -0.00145 -0.00145 -0.00146 -0.00164 -0.00164
(-2.07) (-2.07) (-1.63) (-1.72) (-1.64) (-1.94) (-1.94)
SD: -0.00698 -0.00739 -0.0285 -0.00938 -0.0169 -0.00363 -0.00405
(-0.11) (-0.12) (-0.46) (-0.15) (-0.27) (-0.06) (-0.06)
BE/ME! 0.00182***  (0.00186***  0.00180***  0.00183*** 0.00182*** 0.00180***  0.00184***
(4.39) (4.56) (4.33) (4.46) (4.39) (4.34) (4.50)
devyld: -0.000182  -0.000298* -0.000305* -0.000310*  -0.000299  -0.000189 -0.000305*
(-1.69) (-1.99) (-1.97) (-2.07) (-1.95) (-1.76) (-2.04)
mTrnor} -0.844 -0.837 0.569
(-1.37) (-1.36) (0.85)
Sizel -0.0304 -0.0269 -0.0341 -0.0325 -0.0294
(-0.27) (-0.24) (-0.30) (-0.29) (-0.26)
(mTrpor
+Ret)! 20165 24,027
(-10.15)  (-11.41)
mTrnvrt* 2.843***
(8.79)
(Dump
smTrnor)} -3.537***  -3.531***
(-5.37) (-5.36)
(Dumn
smTrnur); 2.870*** 2.869***
(3.65) (3.65)
_cons 0.0115%** 0.0115%** 0.0123*** 0.0120*** 0.0120*** 0.0116*** 0.0117***
(7.85) (7.87) (8.26) (8.20) (8.09) (7.94) (7.95)
N 962,215 962,215 962,215 962,215 962,215 962,215 962,215
R? 0.058 0.059 0.058 0.062 0.056 0.060 0.061

t statistics in parentheses.

* p <0.05, ** p <0.01, *** p < 0.001

This table contains the results of estimating monthly NYSE-AMEX stock returns on

its determinants for the period 1962 to 2011. mTrnor! is turnover for stock 7 at period ¢

and mTrnor* is defined as:

Tk AV

mTrnury* = mTrnor)  (—1) * Lpi_gmso + mTrnor] * 1gi_pm g

and Dump! and Dumn! are defined as:

Dump}; = 1pi_pmso and Dumnj = 1pi_pm o where R; and Ry are individual stock and

market returns on period t, respectively. p-values are reported in parentheses.

*p < 0.05, ¥* p < 0.01, *** p < 0.001
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Table 1.6: This table presents results of Fama-MacBeth cross-sectional analysis for weekly frequency data of portfolios

formed using NYSE-AMEX individual stocks for sample period 1962-2011. Iilig! * is defined as:
: D* 7775 D »

Illiq,™ =2 Illigy * (—1) * 1Rf7RZ"20 + Illiq, * 1R§77R'2n<0

P

and DumpiJ and Dumn; are defined as:

Dump? = lRf—RZ”ZO and Dumn? = 1Rf—R;"<O

o) ) () @) ) (©) ™)
Ret? Ret} Rety Rety Rety Ret} Ret}
Ret? -0.0796***  -0.0798***  -0.0666*** -0.0646*** -0.0726*** -0.0716"** -0.0719***
(-45.44)  (-45.65)  (-35.05)  (-34.95)  (-39.68)  (-39.74)  (-39.94)
Betal 0.000480 0.000477  0.000729*  0.000530  0.000669*  0.000520 0.000517
(1.60) (1.60) (2.39) (1.79) (2.16) (1.72) (1.72)
SDY 0.0782***  0.0802***  0.0625***  0.0847***  0.0633***  0.0760***  0.0781***
(4.57) (4.72) (3.89) (4.98) (3.95) (4.41) (4.56)
BE/ME? -6.54e-4** -6.78¢-4**  -6.56e-4** -6.73e-4**  -6.26e-4*  -6.56e-4**  -6.86e-4**
(-2.90) (-3.00) (-2.72) (-3.01) (-2.56) (-2.92) (-3.05)
devyld? 7.47e-5 4.38e-5 5.58e-5 7.27e-5 3.72e-5 7.17e-5 5.25e-5
(1.18) (0.41) (0.53) (0.70) (0.35) (1.15) (0.50)
Illig? -0.0622 -0.0622 -0.152**
(-1.30) (-1.31) (-3.00)
Sizel -7.68e-11  -8.41le-11  -7.82e-11  -7.92e-11 -7.94e-11
(-1.24) (-1.35) (-1.29) (-1.27) (-1.30)
(Illig
xRet)¥ -10.04*** -11.52***
(-21.05)  (-23.32)
Illig"* 0.516***
(17.52)
(Dump
«Illig)? 0.6517 0647+
(-10.51)  (-10.50)
(Dumn
«Illiq)? 0.492%** 0.488***
(8.51) (8.48)
_cons 0.000627  0.000625  0.000809  0.000494  0.000854  0.000664  0.000662
(1.34) (1.33) (1.64) (1.06) (1.70) (1.43) (1.42)
N 266,100 266,100 266,100 266,100 266,100 266,100 266,100
R? 0.807 0.807 0.910 0.910 0.853 0.853 0.853

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.7: This table presents results of Fama-MacBeth cross-sectional analysis for weekly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011. mTrnvr; is simply the product of minus one

and turnover. mTrnvry* is defined as:

mTrnory* = mTrnvry * (—1) * 1R1—R;"20 + mTrnury * lengn<o

and Dump} and Dumn} are defined as:

Dumpy = 1R§*RZ"20 and Dumnj = 1R§—R;"

(1) (2) (3) (4) (5) (6) (7)
Rety | Rety | Rety | Ret} | Ret},, Ret} Ret] |
Ret? -0.0818***  -0.0822***  -0.0921***  -0.0958***  -0.102***  -0.104***  -0.104***
(-46.85)  (-47.00)  (-45.55)  (-45.94)  (-52.03)  (-52.29)  (-52.32)
Beta? -2.78e-4 -2.92e-4 4.31e-4 -3.17e-4 4.95e-4 -2.26e-4 -2.38e-4
(-0.94) (-0.99) (1.41) (-1.08) (1.62) (-0.78) (-0.82)
SDY 0.0725***  0.0746***  0.0660***  0.0712***  0.0705***  0.0779***  0.0800***
(4.56) (4.72) (4.15) (4.51) (4.42) (4.89) (5.05)
BE/MEY 4.65e-5 5.85e-5 -5.36e-5* 6.85e-5 -6.00e-4*  -1.06e-5 -1.06e-5
(0.21) (0.26) (-2.21) (0.31) (-2.46)  (-0.05) (-0.05)
devyld? 5.18e-5 1.40e-5 4.95e-5 4.68e-5 1.17e-5 8.12e-5 0.000117
(0.78) (0.13) (0.46) (0.43) (1.12) (1.23) (1.12)
mTrnory -1.696***  -1.750"** -1.868***
(-9.05) (-9.34) (-8.29)
Sizel -8.07e-11 -7.52e-11  -9.24e-11  -9.49e-11 -1.23e-10*
(-1.32) (-1.22) (-1.51) (-1.58) (-2.05)
(mTrnor
«Ret)? 11,624 -15.60%**
(-9.78) (-11.73)
mTrnory” 1.940%***
(20.63)
(Dump
smTrnor)? -3.838***  -3.906***
(-18.42)  (-18.63)
(Dumn
smTrnor)} 0.641** 0.614**
(2.94) (2.83)
_cons 7.85e-6 -4.93e-5 9.15e-4 -5.85e-5 7.45e-4 -1.51e-4 -2.01e-4
(0.02) (-0.10) (1.81) (-0.13) (1.45) (-0.32) (-0.42)
N 266,100 266,100 266,100 266,100 266,100 266,100 266,100
R? 0.820 0.824 0.841 0.845 0.880 0.886 0.886

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.8: This table presents results of Fama-MacBeth cross-sectional analysis for monthly frequency data of portfolios

formed using NYSE-AMEX individual stocks for sample period 1962-2011. Illig™ is defined as:
L PE o~y T175 P . (L ;P

Illiqy™ =2 Illigy * (—1) * 1R§77R2n20 + Illiq, * 1Rf7R;”<O

P

and Dump}tD and Dumn; are defined as:

Dumpf = lRf —R>0 and Dumni7 = lRf’ —Rp<0

(1) (2) (3) (4) (5) (6) (7)
Ret} Rety Rety Ret} Ret} Ret} Ret}
Ret} -0.0525***  -0.0530***  -0.0420*** -0.0382***  -0.0457***  -0.0443*** -0.0449***
(-13.42)  (-13.58)  (-10.59)  (-9.83)  (-11.72)  (-11.43)  (-11.60)
Beta} -6.69e-4 -6.06e-4 -5.47e-4 -9.87e-4 -7.01e-4 -9.71e-4 -9.05e-4
(-0.46) (-0.41) (-0.36) (-0.67) (-0.45) (-0.67) (-0.62)
SDY -0.0875 -0.0878 -0.100 -0.0678 -0.109 -0.0799 -0.0809
(-1.01) (-1.02) (-1.17) (-0.79) (-1.30) (-0.92) (-0.94)
BE/ME?  0.00246**  0.00251**  0.00311**  0.00300**  0.00257**  0.00255**  0.00259**
(2.67) (2.72) (3.28) (3.27) (2.67) (2.75) (2.77)
devyld? -2.31e-4 -7.72e-4 -7.19e-4 -5.98e-4 -7.54e-4 -1.88e-4 -6.44e-4
(-0.84) (-1.77) (-1.73) (-1.45) (-1.75) (-0.70) (-1.53)
Illig? 0.00223 0.0106 -0.232
(0.01) (0.04) (-0.79)
Sizel 2.66e-10 3.10e-10 2.37e-10 2.98e-10 2.19e-10
(1.04) (1.21) (0.97) (1.15) (0.88)
(Illig -10.97*** -13.72%**
xRet)?
(-9.30) (-10.65)
il 1.247+%*
(8.87)
(Dump
«Illiq)? 1483 1.453%*
(-4.89) (-4.81)
(Dumn
«Illiq)? 1.109*** 1.101***
(3.93) (3.95)
_cons 0.0125***  0.0126***  0.0123***  0.0121***  0.0130***  0.0125***  0.0126™**
(6.04) (6.12) (5.76) (5.93) (6.06) (6.05) (6.15)
N 61,100 61,100 61,100 61,100 61,100 61,100 61,100
R? 0.637 0.677 0.751 0.765 0.704 0.694 0.718

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.9: This table presents results of Fama-MacBeth cross-sectional analysis for monthly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011. mTrnwvr: is simply the product of minus one
and turnover. mTrm)rf * is defined as:

mTrnor}™

D
p

and Dumpf and Dumn; are defined as:

Dump? = 1Rf*RI"20 and Dumn} = 1R§>7R%n<0

o~ P
= mTrnury * (—1) * 1Rf—R;"20 + mTrnury * 1R€_R;n<0

(1) (2) ®3) (4) () (6) (7)
Rety, Retiy, Retiy, Retfy, Retiy, Retiy, Retiy,
Ret? -0.0434***  -0.0432***  -0.0699***  -0.0767***  -0.0612***  -0.0615"**  -0.0615***
(-11.19)  (-11.18)  (-1537)  (-1655)  (-15.22)  (-15.24)  (-15.26)
Betal 0.00108 0.00104 0.00125 0.00320* 0.00138 0.00132 0.00126
(0.71) (0.68) (0.77) (2.16) (0.86) (0.88) (0.83)
SDY 0.0355 0.0411 -0.0782 -0.0309 0.0269 0.0372 0.0403
(0.45) (0.52) (-1.01) (-0.39) (0.34) (0.46) (0.50)
BE/ME? 0.00196* 0.00213* 0.00168 0.00129 0.00162 0.00163 0.00178
(2.17) (2.32) (1.82) (1.44) (1.75) (1.83) (1.96)
devyld? -4.08e-4 -7.24e-4 -0.00109*  -0.00103* -8.98e-4 -4.62e-4 -7.69e-4
(1.08)  (-141)  (-200)  (-200)  (-1.68)  (-123)  (-L51)
mTrnur! -0.0299 -0.0463 2.069**
(-0.05) (-0.07) (3.03)
Sizel 7.00e-12 -6.23e-11 -8.10e-11 -5.34e-11 2.32e-12
(0.02) (-0.19) (-0.25) (-0.16) (0.01)
(mTrnor -21.37%%  -27.40%*
xRet)}
(-11.25)  (-13.71)
mTrnor™ 2.871%**
(10.52)
(Dump
smTrnor)} -2.701%%*  -2.750%**
(-4.12) (-4.18)
(Dumn
smTrnor)} 2.802%** 2.787***
(4.06) (4.05)
_cons 0.00748***  0.00747***  0.0107***  0.00942***  0.00823***  0.00785***  0.00792***
(4.02) (4.00) (5.66) (5.02) (4.35) (4.21) (4.24)
N 61,100 61,100 61,100 61,100 61,100 61,100 61100
R? 0.640 0.666 0.868 0.904 0.748 0.738 0.749

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.10: This table presents results of Fama-MacBeth cross-sectional analysis for weekly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011, for different market illiquidity times. When
Milligy = 1, observations are associated to lowest market illiquidity times (first market illiquidity quartile) and when
Milligs = 4 observations are associated to highest market illiquidity times (last market illiquidity quartile). Iiligl™ is
defined as:

Illigl™ = Illig? * (—1) = Lgr_pmso+ Illig} = Lrr_gm<o

and Dump? and Dumn? are defined as:

Dumpl = 1Rf*RI"20 and Dumn? = 1R§77R'2n<0

(1) (2) (3)

Millig,: 1 4 —1 4 1 4
Ret{,, Ret,, Rety,, Rety, Ret,, Rety,
Ret} -0.0962**  -0.0518**  -0.102***  -0.0581*** -0.1000***  -0.0575"**
(-22.99) (-13.51) (-25.64)  (-15.63) (-25.75) (-15.65)
Betay -0.000168  0.00153* -0.000406  0.00150*  -0.000301  0.00107
(-0.31) (2.04) (-0.73) (2.00) (-0.59) (1.43)
SDy 0.144* 0.0337 0.153* 0.0371 0.146* 0.0610
(3.62) (1.10) (3.83) (1.25) (3.71) (1.75)
BE/ME? 0.000291 -0.00114* 0.000363 -0.00106* -0.0000130 -0.000885*
(0.46) (-2.74) (0.56)  (-2.49) (-0.02) (-2.20)
devyld} -0.000392  0.000181  -0.000396  0.000178  -0.000403  0.000210
(-1.18) (1.44) (-1.19) (1.36) (-1.22) (1.64)
Size} 1.50e-10  -1.93e-10  1.64e-10  -1.86e-10  1.39e-10  -1.91e-10
(0.90) (-1.83) (0.97) (-1.76) (0.85) (-1.82)
(Illig
xRet)y -7.935"*  -12.36"
(-7.74)  (-12.89)
Illigt™ 0.247*  0.765"*
(4.56)  (11.03)
(Dump
«I1liq)} -0.147 -1.071%
(-1.24) (-7.88)
(Dumn
«I1liq)} 0.401* 0.683**
(3.81) (5.02)
_cons -0.00121  0.000353  -0.00116  0.000275  -0.000942  -0.000146
(-1.28) (0.33) (-1.20) (0.25) (-1.09) (-0.14)
N 66,600 66,500 66,600 66,500 66,600 66,500
R? 0.946 0.856 0.922 0.786 0.923 0.787

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.11: This table presents results of Fama-MacBeth cross-sectional analysis for weekly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011, for different market mturnover times. When
MmTrnvry = 1, observations are associated to lowest market mturnover times (first market mturover quartile) and when
MmTrnvry = 4 observations are associated to highest market mturnover times (last market mturover quartile). mTrnory
is simply the product of minus one and turnover. mTrm)rf* is defined as:

mTrnory™ 2 mTrnor] « (—1) * 1Rf7R;n20 + mTrnorl « 1RffR{”<0

and Dump? and Dumn? are defined as:

Dump? = 1Rf*RI"20 and Dumn? = 1R§77R'2n<0

(1) (2) (3)

MmTrnor,: 1 4 1 4 1 4
Ret{, Rety Rety Ret,, Rety, Rety
Ret? -0.0424*  -0.144*** -0.0440** -0.158*  -0.0437* -0.162***
(-10.23)  (-38.27)  (-11.22)  (45.12)  (-11.45)  (-44.63)
Betal -0.0000389  0.000685 -0.00000743  0.000974  0.0000653  -0.000559
(-0.05) (1.08) (-0.01) (1.53) (0.09) (-0.97)
SDY 0.0930* -0.0425 0.0976* -0.0406 0.105* -0.0328
(2.88) (-1.35) (3.00) (-1.29) (3.22) (-1.06)
BE/MEY -0.000351  -0.000865  -0.000415  -0.000952* -0.000179  -0.000107
(-0.81) (-1.86) (-0.96) (-2.04) (-0.45) (-0.25)
devyld? 0.00000220 0.000724* -0.00000541 0.000784*  0.00000824 0.000872**
(0.04) (2.30) (-0.10) (2.58) (0.16) (2.89)
Sizel -1.32e-11  -4.23e-10"  -9.94e-12 -4.19e-10*  -2.15e-11  -4.64e-10""
(-0.58) (-2.31) (-0.43) (-2.33) (-0.90) (-2.59)
(mTrnor
+Ret)? 20.006%  -16.04*
(-3.24) (-7.43)
mTrnvrl” 0.990*** 2.566***
(4.20) (16.97)
(Dump
smTrnor)y -2.097*  -5.390***
(-3.94) (-14.99)
(Dumn
smTrnor)y 0.873 0.390
(1.54) (1.17)
_cons 0.0000158  0.00167  -0.000245 0.00136  -0.000873  0.000332
(0.01) (1.88) (-0.21) (1.50) (-0.86) (0.38)
N 66,500 66,600 66,500 66,600 66,500 66,600
R? 0.701 0.896 0.679 0.936 0.704 0.936

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.12: This table presents results of Fama-MacBeth cross-sectional analysis for monthly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011, for different market illiquidity times. When
Milligs = 1, observations are associated to lowest market illiquidity times (first market illiquidity quartile) and when
Milligs = 4 observations are associated to highest market illiquidity times (last market illiquidity quartile). Iiligl™ is
defined as:

Illigl™ = Illig? * (—1) = Lgr_pmso+ Illig} = Lrr_gm<o

and Dump? and Dumn? are defined as:

Dumpl = 1Rf*RI"20 and Dumn? = 1R§77R'2n<0

(1) (2) (3)

Millig: 1 4 1 4 1 4
Ret{,, Ret,, Ret,, Rety, Rety Ret,,
Ret} -0.0409™  -0.0417**  -0.0414** -0.0456™* -0.0388™* -0.0445"**
(-5.10) (-4.24) (-5.63) (-4.61) (-5.15) (-4.47)
Betay -0.00869*  0.00795  -0.00838**  0.00876*  -0.00602*  0.00382
(-3.49) (1.84) (-3.30) (2.00) (-2.47) (0.92)
SD? 0.186 0.238 0.162 0.208 0.108 0.419*
(0.95) (1.46) (0.84) (1.26) (0.55) (2.59)
BE/MEY 0.00801**  -0.00129  0.00762**  -0.00120 0.00762*** -0.000605
(3.34) (-0.78) (3.27) (-0.71) (3.41) (-0.36)
devyld} -0.00406™  0.000785 -0.00533**  0.000903 -0.00498"  0.000759
(-2.72) (1.28) (-3.28) (1.47) (-3.21) (1.28)
Size} 1.03e-09  -6.51e-10  1.41e-09  -7.37e-10  1.11e-09  -5.81e-10
(1.47) (-0.91) (1.94) (-0.97) (1.49) (-0.78)

(Illig * Ret)?  -21.19"*  _11.71***
(-4.26) (-3.98)

Illigt™ 2.541 1.351*
(5.51) (3.03)
(Dump
«I1liq)y -1.781 -4.374%
(-1.91) (-5.37)
(Dumn
«Illiq)? 4375 L0.679
(4.71) (-0.84)
_cons 0.00419 -0.000985  0.00451 -0.00105 0.00266 -0.00162
(1.12) (-0.22) (1.23) (-0.23) (0.73) (-0.35)
N 15,300 15,200 15,300 15,200 15,300 15,200
R? 0.671 0.786 0.649 0.722 0.667 0.735

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

Tesi di dottorato "Essaysin Liquidity and Asset Pricing"

di SADEGHZADEH MEHDI

discussa presso Universita Commerciae Luigi Bocconi-Milano nell'anno 2015

Lates étutelatadallanormativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comungue fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



41

Table 1.13: This table presents results of Fama-MacBeth cross-sectional analysis for monthly frequency data of portfolios
formed using NYSE-AMEX individual stocks for sample period 1962-2011, for different market mturnover times. When
MmTrnvry = 1, observations are associated to lowest market mturnover times (first market mturover quartile) and when
MmTrnury = 4 observations are associated to highest market mturnover times (last market mturover quartile). mTrnor;
is simply the product of minus one and turnover. mTrnvrtp* is defined as:

mTrnor? Pa(—1) = Lgr gm0+ mTrnorl « Lgp_pm<o

and Dumpf and Dumni’ are defined as:

*
= mTrnor

Dump? = lRf—R{’lzo and Dumn? =2 1Rf—R;”<O

(1) (2) 3)

MmTrnvr, : 1 4 1 4 1 4
Ret}, Rety, Rety, Rety Retf,, Rety
Ret? -0.0239*  -0.119** -0.0243** -0.109*** -0.0235** -0.111**
(-2.81)  (-12.05)  (-3.25)  (-12.37)  (-3.14)  (-12.67)
Betal 0.000237  0.00242 -0.000231 0.00302  0.000988  0.00207
(0.07)  (0.83)  (-0.07)  (1.02)  (0.28)  (0.76)
SD? 0.0513 -0.179 0.100 -0.0582 0.0513 -0.0646
(0.35)  (-1.15)  (0.66)  (-0.37)  (0.34)  (-0.41)
BE/ME? 0.00270  0.00311 0.00258  0.00300  0.00274  0.00344*
(1.76)  (1.97)  (L59)  (1.83)  (1.80)  (2.27)
devyld? 0.000191 0.000722  0.000301 0.000928 0.000266 0.000978
(1.14)  (051)  (L79)  (0.67)  (1.66)  (0.77)
Sizel -7.42e-11 -9.17e-10  -1.02e-10 -9.35e-10 -1.11e-10 -7.17e-10
(0.85)  (-0.98)  (-1.16)  (-0.99)  (-1.28)  (-0.79)
(mTrnor = Ret)} -10.58*  -26.04***
(-2.41)  (-7.55)
mTrnor}” 2305 3438+
(3.38)  (8.10)
(Dump x« mTrnor)} -1.719 4227
(-1.00) (-3.86)
(Dumn x mTrnor)y 2.623 2.591*
(155)  (2.37)
_cons 0.00375  0.00777  0.00252  0.00474  0.00336  0.00494
(0.95)  (1.99)  (0.62)  (1.23)  (0.85)  (1.31)
N 15,200 15,300 15,200 15,300 15,200 15,300
R? 0.320 0.887 0.289 0.827 0.295 0.827

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 1.14: This table reports the estimated Fama-MacBeth regression for exactly the same specifications taken by AP
using NYSE-AMEX individual stocks for sample period 1962-2011.

(1) (2) (3) (4) (5) (6) (7) (8)
rl — r{ rP — r{ rl — r{ rl — r,{ rb — th P — th P — th P — r{
E(cP) 0.068 0.000807** 0.068 -0.00436*** 0.068 -0.462***
(-) (2.83) (-) (-7.89) (-) (-8.34)
Bretr  (0.0226%** 0.0243*** 0.0562* 0.483*** 0.132%**
(4.94) (5.79) (2.07) (9.30) (4.89)
Btr 0.0247*** -0.0366 -0.480*** -0.116™"**  0.0145** -0.0454
(5.35) (-1.37) (0.12)  (-4.36)  (270)  (-0.09)
g2p 2.97 1.2

(1.22) (-0.48)

B -0.419 -0.702*
(-1.23) (2.10)

Biv 0.0660  -0.553%*
(0.80) (-5.64)

—cons -0.0101** -0.0114***  -0.0108** -0.00812** 0.00274 -0.00584  -0.00685*  0.00402

(-2.73) (-3.36) (-3.02) (-2.65) (0.91) (-1.91)  (-2.39) (1.42)
N 61,200 61,200 61,200 61,200 61,200 61,200 61,200 61,200
R? 0.715 0.807 0.508 0.746 0.857 0.855 0.760 0.858

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

Tesi di dottorato "Essaysin Liquidity and Asset Pricing"

di SADEGHZADEH MEHDI

discussa presso Universita Commerciale Luigi Bocconi-Milano nell'anno 2015

Lates etutelatadalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).

Sono comunque fatti salvi i diritti dell'universita Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



43

Table 1.15: This table reports the estimated Fama-MacBeth regression coefficients for modified version of the procedure

taken by AP using NYSE-AMEX individual stocks for sample period 1962-2011. Dumpf = 1NR{°>07 Dumnf = 1NR{’

<0-

(1)

(2)

(3)

(4)

(5)

(6)

rf — rtf rt— 7‘{ rf — r{ rt — r{ rt — 7“{ rt — r{
" 20.0383"  -0.03847  -0.0408" -0.0380"" -0.0414" -0.0307""
(-10.23)  (-10.24)  (-10.87)  (-10.08)  (-10.65)  (-10.14)
(E(c)  Dump)? 00133 -0.00548  -0.174** -0.196"
(-0.44)  (-0.17)  (-6.01) (-6.41)
(E(c) * Dumn)?  1.800°  1.797*  0.525 0.726
(2.47) (248)  (0.68) (0.89)
Bretp Dumpf 0.00269 0.103*** -0.0567*
(0.89) (4.34)  (-2.54)
ﬂ"et’p * Dumnff7 -0.00551 0.898*** 0.679***
(-1.70) (3.65) (3.46)
511’ * Dumpf 0.00255 -0.105*** 0.0591** -0.00619 -0.00411
(0.82)  (-4.37) (2620  (-L60)  (-1.05)
ﬂlp * Dumnf -0.00572 -0.913*** -0.688*** -0.00483 -0.00124
(-1.74)  (-3.68)  (-3.46)  (-0.97)  (-0.25)
8% % Dump? 2807 -1.602
(2.76)  (-1.68)
521” * Dumnf 12.96 2.882
(0.35) (0.08)
5317 * Dumpf -0.560 -0.545
(-1.86)  (-1.79)
53}2 * Dumnf 0.278 0.163
(0.61)  (0.37)
547’ * Dumptp -0.0183 0.0232
(0.62)  (0.79)
3% % Dumn? 1331 -1.139
(-1.06) (-0.93)
_cons 0.551* 0.566* 0.860*** 0.630** 0.840*** 0.642**
(2.46) (250)  (4.00) (3.10)  (3.95) (3.16)
N 62,200 62,200 62,200 62,200 62,200 62,200
R? 0.742 0.741 0.755 0.744 0.745 0.765

t statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Chapter 2

Asymmetric effect of illiquidity on

corporate bond yield spreads
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2.1 Introduction

The effect of both liquidity level and liquidity-related risks on corporate bond yield spreads
is acknowledged by a large number of studies. The existing literature mainly concludes
that liquidity is priced in corporate bond yield spreads. Being highly related to this
literature, the literature on liquidity-return relation in stock markets is very rich and
the positive relation between illiquidity! and stock returns is documented by numerous
numbers of papers. The author’s recent study on the other hand, documents empirical
evidence on the existence of nonlinearity in illiquidity- return relation in US stock market,
which explores the role of stocks’ current performance in determining the direction of the
illiquidity effect on returns. More specifically, empirical evidence presented in the paper
shows that the effect of illiquidity on stock returns is positive if the stock underperforms
the market and negative otherwise. The results are robust to using weekly and monthly
frequency data, employing different illiquidity measures (turnover and Amihud [2002]’s
measure) and both individual and portfolio analysis.

The natural question that arises is that whether the same pattern in data is observable
in corporate bond market. Since the theoretical models proposed in both literatures to
explain why illiquidity derives the fluctuations in returns in stock markets and yield
spread in bond markets have the same intuition, it is highly expected for corporate bonds
to exhibit the same nonlinearity in yield spread-illiquidity relation. The strong evidence
on the existence of nonlinearity in liquidity-return relation in stock markets is a motivation
to perform the same analysis on corporate bond markets.

The main objective of this paper is to identify asymmetry of the effect of liquidity on
corporate bond yield spreads. More specifically, I test whether the current performance
of the bonds has an impact on how liquidity affects the yield spreads. The current
performance of a bond is measured by the comparison of the bond yield and average
market yield. Based on the evidence from the stock market, it is expected to observe that
liquidity affects positively the bond that have better performance compared to market

and vice versa.

2.2 Review of the Literature

There is a fairly substantial literature that relates liquidity to asset pricing providing
strong evidence regarding positive premium for illiquidity, not only in stock markets, but
also in other security markets like options and bond markets. The research in this field is
based of the idea that investors would ask for a premium on assets that are illiquid, in order

to compensate for the transaction cost incurred when trading the assets. Amihud and

'In this paper, I use the words liquidity and illiquidity interchangeably as the refer to the same basic
idea
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Mendelson [1986] is one of the very first papers studding the illiquidity effect on returns
in the US equity market and present evidence on the positive effect of illiquidity on stock
returns. Acharya and Pedersen [2005] present an augmented capital asset pricing model
that takes into account illiquidity risk and find that expected liquidity is an important
determinant of expected returns in US equities market.

Amihud and Mendelson [1991] study the U.S. treasury market and find that less liquid
treasury notes are cheaper than treasury bills which are more liquid. Following Amihud
and Mendelson [1991], several authors study the impact of liquidity on corporate bond
yields and virtually all of these papers find that liquidity is priced in bond yields. Some
of the researcher have contributed to this literature by analyzing how the yield spread-
liquidity relation is dependent to market regime. For example, Beber et al. [2009] find
that while liquidity is a very significant driver of the sovereign bond market, its effect on
the yield spreads is more pronounced in market distress times. Nils et al. [2012] find that
the economic impact of the liquidity is significantly larger in periods of crisis.

Beside the importance of the reported findings about the illiquidity effect, one of the
major concerns in the literature is how to measure illiquidity. In the existing literature,
illiquidity is (mostly) defined as the ease of trading a security. But there are many ways
to interpret the word “ease”. The disagreement on how to measure illiquidity is reflected
in the fairly big number of measures that are proposed to proxy it. Each of the measures
captures one aspect of illiquidity (or meaning of the word “ease”). Some of the papers
use indirect proxies based on bond characteristics such as age. Some papers add to their
regressions other indirect market-related proxies like trade volume, number of trades and
number of days without trade. Some papers contribute to the literature by introducing
new liquidity measures. Good examples are Amihud [2002] and Pastor and Stambaugh
[2003]. Discussing about details of these measures or the advantages or disadvantages of
each of them is not the aim of this paper. A good reference on illiquidity sources and its
aspects is Amihud et al. [2005].

There are two main approaches in the literature to study the effect of illiquidity on
returns. The first approach takes illiquidity as one of the deterministic characteristics
that affects the security’s price. In this approach there is no illiquidity risk involved
and in most cases, it is used to examine the explanatory power of illiquidity level toward
cross-sectional differences in returns. Among others, Amihud and Mendelson [1986], Swan
and Westerholm [2002] and Amihud [2002] follow this approach. As mentioned above, the
authors using this approach generally report that less liquid securities have higher returns.

The second approach on the other hand, takes illiquidity as systematic risk. In this
approach, securities with higher exposure to illiquidity related-risks are expected to have
higher returns. Hence, unlike the previous approach, expected return of securities would
be higher depending on how much they are subject to illiquidity risk, even though their
illiquidity level is not high. For example Pastor and Stambaugh [2003] argue that stocks
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with greater sensitivity to market-wide liquidity, exhibit higher expected returns. Acharya
and Pedersen [2005]’s study adjusts the capital asset pricing model to take into account
illiquidity risk. Their simple model introduces three new betas and add them to the one
conventional beta in CAPM model. They also present empirical evidence supporting their
model implied predictions.

In this paper the first approach is taken. I use individual bond’s illiquidity to explain
cross-sectional differences in yield spreads. But unlike the previous studies, I take into
account the asymmetry of the effect and show how it improves the explanatory power of

the models studding the effect of illiquidity on bond yield spreads.

2.3 Intuition and Hypothesis

In this section, I provide an overview of the intuition underlying the research questions and
the hypotheses I test. The fundamental assumption taken in this paper is that there are
impatient investors in the market that would trade a security as a response to its current
performance. The intuition is that liquidity providers change their required return for the
liquidity they provide to impatient investors. Liquidity providing may increase or decrease
the expected return of liquidity providers depending on whether liquidity is provided to
impatient traders who want to sell a security that has faced a negative price change, or
traders willing to buy a security that has a recent price appreciation. In the former case
where a security has a current negative return but is liquid enough, there is no reason
to expect a change in the expected return. But in case the security is illiquid, liquidity
providers that accommodate the selling pressure caused by traders trying to get rid of
that security, will ask for higher return. Hence, we would expect an increase in return as a
reward to liquidity providing. This reward is increasing in how much worthy the provided
liquidity is, i.e. trader’s selling pressure. Two factors may affect selling pressure. First,
securities that have a recent poor performance are subject to be sold more aggressively
by impatient traders and those with poorer performance face stronger selling pressure.
Second, for higher illiquidity levels selling pressure is higher because it makes it more
difficult to sell the unwanted security.

In the latter case where the security has a recent good performance the story is almost
the same. Demand pressure would be caused by impatient traders willing to buy the
security which is increasing in security’s illiquidity and its level of good performance.
Likewise, liquidity providers who fulfill such demand would ask for higher return, which
in this case translates in a negative change in security’s return. The distinction between
the cases where illiquidity affects loser or winner securities would add a lot of explanatory
power to the liquidity measures. The proposed intuition suggests that underlying process

that generates such asymmetry in liquidity-yield spread relation is the premium asked by
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liquidity providers to impatient investors.

Based on the intuition explained above, we test two hypotheses. The first hypothesis
is naturally to investigate the effect of liquidity on bong yield spreads.

H1: Liquidity is an important price factor in the corporate bond market.

I test the first hypothesis to make sure that the results of the estimations match those
of the current literature. I will replicate the results of Nils et al. [2012] to perform the
comparison. The main hypothesis tested in this analysis is however the second one.

H2: The effect Liquidity on bond yield spreads is function of the bond’s current per-
formance.

In other words, I test how the effect of liquidity on yield spreads is different when the
bond’s performance is better than the average market performance compared to to time

that its performance is worse than average market performance.

2.4 Methodology

As I mentioned before first step to test the second hypothesis is to test the first research
question by replicating Nils et al. [2012]’s results. This paper investigates the effect of
illiquidity on US corporate bonds yield spreads using a number of liquidity measures
including Amihud [2002]’s measure, Roll [1984]’s measure, including bond characteristics
such as amount issued, age, etc. which are conventionally taken as proxies for liquidity.
The authors also examine how the explanatory power of liquidity towards yield spreads
differs in normal market times versus times of financial distress. The empirical findings of
the paper illustrate the strong positive effect of illiquidity on yield spreads which becomes
significantly larger in times of crisis. The main focus of the current paper is on replicating
the cross-sectional analysis of Nils et al. [2012] and then, test the existence of asymmetry
using Fama-MacBeth methodology.
To perform their analysis, Nils et al. [2012] test the following specification:

(yield spread)y = ag + ay(bond characteristics);
+ as(trading activity variables)y
+ az(liquidity measures);

+ aq(rating dummies); + €

Where yield spread is each bond’s yield differential with respect to risk free rate and bond
characteristics are age, coupon, maturity and amount issued. Trading activities consist of
volume traded and number of trades in a given period of time as well as trading interval
which is the period in which the bond is not traded.

To test the existence of nonlinearity in the effect of liquidity on bond yield spreads I

need to augment the specification in equation 1.1. In case of stock returns, the determinant
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of the direction of the effect of illiquidity is the performance of the stock compared to
market performance. Accordingly, bond yield spreads would be clustered into two sets:
spreads which are greater than average market yield spread and those which are less than
this value. The market yield spread is simply defined as the average yield spread of bonds
with the same maturity and rating. The expectation is to observe asymmetry in the effect
of illiquidity, which is, positive effect on bond yield spreads if spreads are greater than
average market spread and negative effect otherwise. Note that in case of bond yields,
a price appreciation is equivalent to a reduction in yield whereas for stocks it means an
increase in return. Hence, yields and returns have an opposite image in terms of price
change.

To test the existence of asymmetry on the effect of liquidity on bond yield spreads,

the following specification will be estimated:

(yield spread)y = ag + ay(bond characteristics);
+ as(trading activity variables)
+ asly it>ys., (liquidity measures);
+ agly it<ys,., (liquidity measures);

+ as(rating dummies)y + €

Where 1,,,,<ys,.. 1s the indicator function and is equal to unity if the bond yield spread, is
greater than average market yield spread, and zero otherwise. A negative and significant
estimation is expected for a3 and a positive and significant estimation is expected for ay.

We regress equations 1.1 and 2.4 using Fama-MacBeth procedure and using weekly

data obtained from averages of the daily data of all variables.

2.5 Liquidity measures

One of the liquidity measures employed in this paper is Amihud [2002)’s measure. The
Amihud’s measure for a certain bond over a particular time period with N, observed
returns is defined as the average of the absolute value of these returns divided by the
bond’s trading volume v; over the same period of time:

1 Qr

. T
Amihud;, = ﬁt A %

J=1

For this analysis, daily volume-weighted average prices are used to compute returns and
the Amihud measure is generated on a day-by-day basis.
Roll measure is developed by Roll [1984] and concerns with bid-ask bounce that results
in transitory price movements which are serially negatively correlated. The strength of
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this co-variation is a proxy for the round-trip costs for a particular bond and hence is a

measure of liquidity. More precisely, the Roll measure is defined as:

Roll, = 2\/—cov(Apt, Ap;_q)

Where Ap, is the volume-weighted price change from period ¢ — 1 to . This measure is
computed for a rolling window of 60 days, where at least eight observations are required for
each window. Another illiquidity measure employed in this paper is recently introduced
by Jankowitsch et al.. This measure is based on the dispersion of traded prices around
the marketwide consensus valuation. A low dispersion around the valuation suggests that
the security can be traded close to its fair value and therefore, represents low trading
costs and illiquidity. Nils et al. [2012] take market valuations from Markit and use them
as market wide consensus valuation. In this study, average daily traded prices are used
as market valuation because the data from Markit is not available. More specifically, the

price dispersion measure for a particular day and bond is computed as:

price dispersion; = % Z(pk: —my)
D ki1 Vi

Where p, and v, represent the K; observed traded prices and their trade volumes on date
t and m; is the daily average price (market-wide valuation for that day from Markit in
the original study).

Finally, the zero-return measure indicates whether price movements occur between trading
days. The zero-return measure is equal to one, if we find an unchanged price, and is set
to zero, otherwise. The intuition behind this measure is that bonds that have prices that
stay constant over long time are likely to be less liquid. Nils et al. [2012] take Markit
quotations as indicators of price movement over time. In this study, because the market
valuation data from is not available, I use daily average price fluctuations to generate

zero-return measure.

2.6 Data

The data on intraday bond transactions is obtained from TRACE which covers the period
June 2002 to July 2012. The corporate bond yield spread will be measured relative to the
US constant maturity Treasury bond yield curve which is obtained from Federal Reserve
System. Bond characteristics as well as credit ratings are obtained from Bloomberg and
Fixed Income Securities Database (FISD). S& P Credit ratings provided by FISD are used
in the regressions since this database provide bond rating changes over time. There are
some conflicts between data on bond maturity, coupon and amount issued reported by
FISD and Bloomberg. After comparing hand collected data from FINRA and those from
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Bloomberg and FISD, it seemed that maturity and coupon from FISD and amount issued
from Bloomberg are more trustable.

The cross-sectional analysis will be based on weekly frequency data which are simple av-
erage of daily observations. Following the original study, I use the filters proposed by
Dick-Nielsen [2009] for the TRACE data to eliminate potentially erroneous data points.
Observations associated to negative yields and yields greater than 50 percent are elimi-
nated.

To investigate how the explanatory power of the independent variables differs in financial
crises compared to normal market environments, Nils et al. [2012] define the following
three subperiods: The GM/Ford crisis (March 2005-January 2006) when a segment of
the corporate bond market was affected, the subprime crisis (July 2007-December 2008),
which was much more pervasive across the corporate bond market, and the normal period
in between (February2006-June2007).

2.7 Original and replication results

Table 2.1 compares the results of estimating equation 1.1 reported in Nils et al. [2012] to
those found in this study. The last column of table 2.1 presents the result of estimation
using our whole sample period, 2002-2012, which is absent in Nils et al. [2012]. Results
obtained in this study and those of Nils et al. [2012] are generally very similar and totally
support the hypotheses proposed in the paper. Especially, the coefficients on Amihud’s
liquidity measure are quite similar (in terms of magnitude and statistical significance)
and have the same order. All liquidity measure are highly significant and are greater in
market stress times compared to normal times. However, there are some differences in
the results. For example, the coefficient on volume in Gm/Ford period is not significant
in Nils et al. [2012] while it is significant in my estimations.

The next step is to investigate whether there is nonlinearity in illiquidity-yield spread
relation. To find the answer, in each week, observations are split into two sets. The
first set consists of observations for which the yield spread is greater than the average
yield spread of all bonds with that same rating and maturity. Otherwise the observations
are allocated to the second set. Based on this clustering, new illiquidity measures are

generated as follows:
Pos.Price dispersion; = Price dispersion: * lyicid spreads>Ave.Yield spreads

Neg.Price dispersion; = Price dispersion: * lyieid spread;<Ave.Yield spreads

Where 1 is the indicator function. The same formula is applied to generate Pos. Amihudilliq,
Neg.Amihudilliq, Pos.Roll and Neg.Roll. and equation 2.4 is estimated.
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The results of estimating equation 2.4 are reported in table 2.2. As expected, the
sign for coefficients are different for two yield spread status and have strong statistical
significance. The results suggest that the effect of current performance on liquidity-yield
spread relation is asymmetric, not only in the sign of the effect, but also in the magnitude.
The estimated coefficients of all the liquidity measures are greater in absolute value for the
case of bonds with greater yield with respect to market. This implies that bonds which
are cheaper compared to the average price of bonds of the same maturity and credit rating
are more affected by liquidity.

2.2 also displays a huge improvement in terms of goodness of fit for all the regressions
when nonlinearity is taken into account. For instance, comparing the results in tables 2.1
and 2.2 shows that when nonlinearity is considered, the R-squared raises from 48 to 56
percent in subprime crisis period and from 41 percent to 49 percent for the whole sample
period. The same improvement is observable for other columns as well.

Introducing asymmetry to the Nils et al. [2012] specification has another effect on
the results. Results in table 2.1 confirms Nils et al. [2012]’s hypothesis that the effect of
liquidity is more pronounced in market stress time. This can be seen by comparing the
magnitude of the coefficients on liquidity measures in normal times versus GM /Ford or
Subprime crisis. However, among three liquidity measures, it is only price dispersion that
confirms this hypothesis in table 2.2. This puts a question mark on whether the findings
of Nils et al. [2012] is credible or not.

2.8 conclusion

In this paper I test the existence of nonlinearity in illiquidity-yield spread relation in US
corporate bond market. To validate the results and before I test the main hypothesis
of this paper, I replicated the results reported by Nils et al. [2012]. Nils et al. [2012]
study the US corporate bond market and find that liquidity is an important pricing fac-
tor for corporate bonds. Moreover, they find that the effect of liquidity on bond yield
spreads is more pronounced during crisis. The estimation results of this paper confirm
those of Nils et al. [2012]. The results of testing for nonlinearity in illiquidity-yield spread
in bond market on the other hand suggest that illiquidity asymmetrically affects bond
yields spreads. Moreover, introducing the asymmetry to Nils et al. [2012]'model generates
results that contradicts the conclusion that the effect of liquidity on bond yield spreads

is more pronounced during crisis.
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Table 2.2: The relation between US corporate bond yield spreads and liquidity with
non-linearity, Fama-MacBeth regression

GM/Ford Crisis Normal Period Subprime crisis 06/2002-07/2012
Yield spread Yield spread Yield spread Yield spread

Pos.Price dispersion  (.289*** 0.280*** 0.629%*+* 0.494%*
(19.85) (27.22) (17.1) (22.68)
Neg.Price dispersion -0.184*** -0.181%** -0.288%** -0.235%**
(-19.24) (-24.68) (-13.80) (-23.75)
Pos.Amihud illiq 0.0636*** 0.0646*** 0.0857*** 0.0803***
(15.31) (13.23) (12.58) (16.7)
Neg.Amihud illiq -0.0383*** -0.0526*** -0.0386%** -0.0371%%*
(-8.89) (-15.55) (-11.93) (-17.14)
Pos.Roll 0.629%** 0.460%*** 0.698*** 0.618%***
(36.83) (16.84) (14.89) (20)
Neg.Roll -0.379%** -0.307%** -0.244%** -0.302%**
(-16.65) (-19.91) (-19.25) (-28.0)
Coupon 0.0984*** 0.0797*** 0.0822%*%** 0.115%**
(8.91) (6.46) (7.81) (17.79)
Volume 0.0254*** 0.0269*** 0.0103*** 0.00947***
(4.85) (7.95) (3.94) (5.85)
Maturity -0.0421%** -0.0238%*** -0.0315%** -0.0304***
(-16.41) (-12.69) (-16.71) (-24.83)
Amount issued -0.271%%* -0.0216 -0.110%%* -0.150%%*
(-7.83) (-1.10) (-17.17) (-14.41)
Trading interval -0.0117** 0.00225 0.0572%** 0.0366%**
(-3.30) (0.89) (11.5) (9.49)
Num. of trades 0.0299%*** 0.00394** 0.0113*** 0.0128%***
(9.62) (2.74) (16.35) (15.89)
Zero return -0.341%%* -0.251%%* 0.163 0.0322
(-4.53) (-4.33) (1.67) (0.27)
Age -0.0269*** -0.00733** 0.00720%** -0.00522%*
(-9.92) (-3.01) (4.12) (-2.85)
Rating Dummies Yes Yes Yes Yes
Constant 10.05%** 8.862%** 8.728%** 8.976***
(12.05) (16.21) (13.26) (23.05)
N 931,849 423,976 1,119,110 9,470,244
R2 0.517 0.388 0.564 0.492

This table presents the estimation results of regressing the yield spread of weekly US corporate
bonds on three liquidity measures as well as bond characteristics (equation 2.4). Bond spread
is computed as the difference between individual bonds yield and treasury bill rate of the same
maturity. Liquidity measures are clustered based on bond performance (for complete description
refer to paper’s text). GM/Ford crisis correspond to 01/05/2005 to 01/02/2006, normal period
corresponds to 02/02/2006 to 01/07/2007 and subprime srisis corresponds to 02/07/2007 to
01/01/2009. t-statistics are reported in parentheses and are calculated from Newey and West
(1987) standard errors. * p < 0.05, ** p < 0.01, *** p < 0.001
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Chapter Three:

Unconventional Monetary Policy and Government bond spreads in the euro
area
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3.1 Introduction

Long-term yields differentials between Euro area government bonds and German gov-
ernment bonds co-move with an unstable pattern over time. Yield spreads on the safe
benchmark in the area converged significantly with the introduction of the euro, narrow-
ing from highs in excess of 300 basis points in the pre-EMU period to less than 30 basis
points about one year after the introduction of the euro. Yet, bonds issued by Euro area
Member States have never been regarded as perfect substitutes by market participants:
interest rate differentials co-moved synchronously at the very low-level between the intro-
duction of EMU and the subprime loans crisis, they became sizeable during the course
of 2008 and 2009 with some separation in co-movement between high-debt and low debt
countries. The debt crisis from the end of 2009 onwards brought about differentials of the
same, or even greater magnitude, than those of the pre-euro era and more heterogene-
ity in co-movement. Yields have been progressively going back to a convergence pattern
after the ECB has implemented three policies involving bond purchases: the Securities
Market Programme (SMP), the Outright Monetary Transactions (OMT), and the 3-year
Long-Term Refinancing Operations (LTRO).

During the 2010-12 Euro area crisis government bond spreads reached levels that can-
not be predicted by standard models (Favero [2013]). There are two potential explanations
for this fact: the models linking bond spreads to fundamentals were missing some impor-
tant variables, or prices deviated substantially from fundamentals. The identification of
the relative importance of the two alternative explanations of this evidence carries im-
portant policy implications. Is the unconventional monetary policy implemented by the
ECB shielding high debt country from market discipline and therefore providing them
the wrong incentives? The answer depends on how much prices deviated from fundamen-
tals due to contagion and market turbulence and on the impact of ECB policies on the
different components of yield spreads.

Given tax harmonization within the euro area, interest rates differentials across dif-
ferent countries should price three factors: default risk, liquidity risk and expectations of
exchange rate fluctuations. Sovereign issuers that are perceived as having a greater sol-
vency risk, must pay investors a default risk premium. Liquidity risk is the risk of having
to sell (or buy) a bond in a thin market and, thus, at an unfair price and with higher
transaction costs. Small issuers with low volumes of bonds outstanding and thus small
markets must compensate investors with a liquidity premium. The introduction of the
euro in January 1999 initially eliminated the expectations on exchange rate fluctuations,
but the subprime loan crisis first and then the generalized surge in the debt to GDP and
deficit to GDP ratios for all Euro area countries that has been observed after 2009, has
induced markets to reconsider the possibility of the exit from the euro for some of the
countries and even of a collapse of the common currency.
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Interventions on the liquidity risk and the redenomination risk are without doubt
within the mandate of the ECB, while default risk is most appropriately dealt with by
fiscal rather than monetary policy.

In this paper we propose a four factor model of yield spreads in the euro area where
local default risk, liquidity risk and redenomination risk are augmented by a global factor
that in turn depends on default risk, liquidity risk and redenomination risk in the whole
area. Such a model allows us to assess the impact of ECB interventions on area wide lig-
uidity, redenomination and default risk and therefore to provide new evidence for judging

how appropriate were the interventions on the bond market.

3.2 Determinants of Sovereign Spreads on Bunds

Most of the research on sovereign bond market can be categorized into two strands. The
first strand’s research question is how government bond yield spread is affected by its driv-
ing factors and how this effect is changed in different market regimes. Liquidity risk, credit
risk, redenominatoin risk, contagion, ECB interventions etc are among determinants that
are reported to contribute in variations in bond yield spreads. For example, using euro
area data, Beber et al. [2009] conclude that the impact of liquidity risk on the sovereign
yield spread increases with market uncertainty and the increase in more significant for
longer maturity bonds. Favero and Missale [2012] find that liquidity plays a partial role
in euro area yield differentials while credit risk is always priced. Favero et al. [2010] intro-
duces a global variable in euro area suggesting that the channel through which contagion
affects yield spreads is fiscal fundamentals in a sense that countries with closer fiscal fun-
damentals tend to have stronger co-movement. Krishnamurthy et al. [2014] study the
relative effectiveness of ECB interventions on yield spreads and find that they have been
effective in decreasing the spreads mostly through reducing the default risk. De Santis
[2014] introduces a measure to quantify redenomination risk and shows that the measure
is priced in the sovereign bond market. The second strand of the research on government
bonds is focused on the dynamic interactions between the determinants of government
bond yields. For example, Pelizzon et al. [2014] examine the dynamic relationship be-
tween credit risk and liquidity in the European sovereign bond market considering ECB
interventions. He and Milbradt [2014] study the interaction between default and liquidity
for corporate bonds that are traded in an over-the-counter secondary market. Bai et al.
[2012] examine how credit risk and liquidity risk evolve in the European sovereign bond
market during the sovereign debt crisis.

In this paper, we apply a combination of these approaches. We study nine Euro area
countries bond yield spreads relative to German Bund. The key assumption taken in this

study is that the yield spread is a function of liquidity risk, credit risk and redenomination
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risk plus the global factor. It is also assumed that the dynamics of the risk factors can
be described within a vector autoregressive framework. The aim of employing such a
framework is to assess the relative importance of each risk factor for the dynamics of
bond spreads by means of historical decomposition of the spreads. Such a framework
allows us to analyse the interaction of the factors which are driven by three structural
shocks and the ultimate effect of the shocks on yield spreads. Default shock, liquidity
shock and redenomination shock are assumed to drive the dynamics of three risk factors
of each country. Accordingly, a structural vector autoregressive model is set to capture
the fluctuations in risk factors. This setup is also convenient to analyze the ECB policies
implications on risk factors and eventually on yield spreads.

The historical decomposition methodology is applied to analyze the observed series
of the endogenous variables in terms of the structural shocks and the evolution of the
exogenous variables. The relative strength of this tool over the conventional impulse
response analysis is that historical decomposition does not assume that structural shocks
are one time shocks, but it takes the series of structural shocks that evolve through time,
allowing us to make a judgement over what has actually happened to the series of interest

in the sample period.

3.2.1 Data construction

To do the analysis, we use MTS (Mercato dei Titoli di Stato) intraday interdealer fixed-
income securities data, which covers European bonds wholesale transactions and limit-
order books, for the period April 2003 to December 2012. MTS data includes bonds issued
by treasuries and local governments, international public institutions and structured secu-
rities issued in forty countries. This database contains all the transaction information such
as price, trade direction, date, time and quantity with a unique bond identifier. More-
over, the limit-order book contains information of best three bid and ask quote prices and
corresponding quantities. Our sample period covers pre and post US subprime crisis as
well as Euro-zone crisis, providing an ideal ground for analyzing the connection between
yields and liquidity, credit and redenomination risks. In this study, we apply the gov-
ernment bond data associated to ten European countries namely Italy, Germany, France,
Spain, Portugal, Ireland, Austria, The Netherlands, Belgium and Finland, which are the
most frequently traded bonds in local and Euro MTS markets. We drop from the sample
non euro currency bonds, structured and quasi-government bonds, floating and indexed
coupon bonds, bonds traded prior to issue to avoid any complexities these type of bonds
introduce to bond pricing.

Bond yields are taken from Datastream. Interestingly, the yields calculated from
transaction prices of M'TS dataset perfectly match those from Datastream. The reason
we apply the bond yields from a different source is that using MTS dataset results in a
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lot of missing values for yields, raising from the fact that MTS is not the only venue for
bond trading.

Figure 3.1 graphs the 10 year maturity bond yields of the countries under analysis. The
graph suggests that the European sovereign bond market has experienced three different
episodes. Prior to 2009, bond yields tend to co-move very highly and the variation of
the yields is fairly low. After the European sovereign debt crisis started in 2008, the
bond yields started to depart. The gap between the yields has been increasing until
2011. Beginning 2012, the bond yields started to respond to the ECB interventions and
the gap started to shrink. During 2012, European sovereign bond market faced a market
segmentation. Bonds could be classified into high yield, Italy, Spain, Portugal and Ireland
and low yield, Germany, France, Finland, Austria, Belgium and the Netherlands. This
segmentation is very important in explaining the dynamics of the yield spreads with

respect to its driving factors, which will be elaborated in the next sections.
[Figure 3.1 here]

We supplement MTS data with the Credit Default Swap (CDS) data from Markit.
This database covers daily CDS quotes for all countries under analysis and various matu-
rities. Figure 3.2 presents the graph of the 10 year maturity CDS rates for the countries
under analysis. The Figure displays the same up and down episodes as for the bond

yields.
[Figure 3.2 here]

We use MTS market book data to compute the liquidity measures. To do so, we
partition our sample in two dimensions. First, we group the bonds according to their
country and benchmark status. Benchmark bonds are those traded on both Euro MTS and
local MTS markets while non-benchmark bonds are traded only on local MTS markets.
Second, bonds are further grouped based on time to maturity. Bonds with 2.5-3.5 years,
4.5-5.5 years, 6.5-7.5 years, and 9.5-10.5 years to maturity are considered as 3, 5, 7 and 10
year maturity groups. Liquidity measures are computed as follows. For each bond each
day all the liquidity measures are computed in each five minute windows and averaged
through the day to make the daily measure. Then, measures associated to bonds of
the same country/benchmark /maturity group are averaged and set as the daily liquidity
measure. One of the liquidity measures that is employed in this paper is the quoted
bid-ask spread which is defined as:

. ;2 A} — B;
Bidask; = TZLM
where ¢ and t stand for each country and time, respectively, and A and B are best ask

and bid prices. Quoted spread estimates the transaction cost an investor incurs for a
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round-trip trade that is a sale followed by a buy. This measure is widely used in empirical
studies, including papers on sovereign debt market. Effective bid-ask spread is another
liquidity measure used in this analysis. The definition of this variable is given by De Jong
and Rindi [2009] as:

. 1 . )

Ef fective} = =21 ,2Qi(p} — m})
where Q! in the transaction direction, p! is the transaction price and m/ is midpoint of the
quoted bid-ask spread at the time of the transaction. Effective bid-ask spread estimates
the transaction cost as the difference between the transaction price and the fundamental
value of the asset estimated by the midpoint of the prevailing quoted bid-ask spread. The

third liquidity measure is the quoted spread which is introduced by Bollen and Whaley

(1998):
Depth:
Aski+Bidi
2

QSpread. =

where Depth! is the quantity as the best bid and ask prices of the limit order book. Depth
and cumulative depth, C'Depth!, defined as cumulative quantity at the best three bid and
ask prices of the limit order book, are two other liquidity measures that are used in this
study.

Quanto CDS, defined as the spread between the dollar denominated and Euro denom-
inated CDS quote is used as a proxy for the redenomination risk. This measure becomes
non zero on August 2010, and is always zero before this date. Figure 3.3 graphs 10 year

maturity quanto CDS rates for the countries under analysis.
[Figure 3.3 here]

Following Favero et al. [2010], contagion is measured for each country by a weighted
average of bond yields of other countries. Weights are the the inverse of the fiscal distance
which is defined as the absolute value of the difference between the fiscal fundamentals
of two countries. Fiscal fundamentals, namely debt to GDP and deficit to GDP are the
European Commission Forecasts, that are released every six months. These variables
enter the specification in terms of the difference between each country’s forecast and the
forecast of the same variables for Germany.

Table 3.1 presents the summary statistics of the data employed in this study. This table
displays for each country and each maturity, the number of bonds traded on MTS; yield,
CDS rate, quoted bid-ask spread and quoted depth. According to table 3.1, Germany and
Italy have the highest number of bond issues (traded on MTS) while Ireland and Austria

have the lowest number.

[Table 3.1 here]
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One of the challenges of the empirical literature of the sovereign bond market is to choose
a benchmark to construct the yield spreads. Some of the empirical papers have employed
Euro-swap rates as benchmark (Beber et al. [2009]). Figure 3.4 graphs the 10 year German
bund rates versus the Euro-swap rates of the same maturity. The figure shows that the
Bund rates are historically below the swap rates which makes the German bund a credible
choice for the risk free benchmark compared to Euro-swap. Moreover, while the gap
between the two series is fairly low until 2007, it widens to its highest levels around 2008,
when the Euro crisis started, suggesting that market perception of risk was higher for
Euro-swap. Given these facts, we believe that German Bund makes a better choice for
the benchmark to construct the yield spreads. Accordingly, CDS rates and all the liquidity
measures enter the specifications in terms of the difference between each country’s rate

and the same for Germany.

3.3 The ECB unconventional monetary policy

ECB has taken a number of actions in response to distortions in Euro sovereign bond
market and widening yield spreads across the Eurozone, specially during the debt crisis.
Here we briefly review some the most important actions of the ECB!. In May 9, 2010,
the ECB announced the Securities Markets Programme (SMP) and officially started it
a day later. Under the SMP, the ECB intervened sovereign debt market by buying,
on the secondary market and on market prices, the bonds of distressed countries. The
ECB announced a reactivation of the SMP on August 7, 2011. According to market
consensus, during the first phase, the ECB mainly purchased the debt of Greece, Ireland,
and Portugal and during the second phase bonds of Italy and Spain were purchased. The
last SMP purchases took place in February 2012 and the programme was terminated in
September 2012. In August 2012 ECB announced the possibility of Outright Monetary
Transactions (OMTs). In contrast to the SMP, a necessary condition for OMTs is that a
country has to commit to a certain fiscal reforms indicated by the ECB in order to benefit
the intervention. A further difference to the SMP is that OMTs are ex ante unlimited
and would focus on bonds with maturities of one to three years. On September 6, 2012,
the ECB announced the start of the OMT but no bonds had been purchased under the
OMT program until 2014. In addition to SMPs and OMTs, On December 8, 2011 the
ECB announced its long-term refinancing operation (LTRO), which is a process by which
the ECB provides financing to banks in Euro zone. The ECB have been providing the
liquidity to the banks via its Main Refinancing Operations (MROs). MROs have one week
and one month maturities while LTROs are designed to have three year maturity. Two
LTROs have been announced by the ECB as of today. The first LTRO was announced

'For a full description please refer to the ECB Press Release.
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on December 20, 2011 and according to market participants Eurozone banks from Italy,
Spain, Ireland and Greece heavily subscribed for it. On February 28, 2012, the second
LTRO was announced. The magnitude of the ECB lending through the second LTRO
had a small increase compared to the first one, but it was taken as an indicator of the
health of Eurozone banks because the number of banks borrowed was below expectations.

Clearly the ECB interventions had a large impact on the yield of the sovereign bonds.
The channel through which the ECB interventions affects the bond yields and the rela-
tive effectiveness the interventions however is still a debate. Most of the recent papers
studding the European sovereign bond market that have analyzed the effect of the ECB
interventions on yield spreads are focused on direct effect. In this paper, we analyse the
effect of the ECB interventions through the effect on the yield spread determinants. In
other words, we study the direct effect of the ECB policies on default risk, liquidity risk
and redenomination risk and then, through the factors, the indirect effect of the interven-
tions on the yield spreads. In the next section, we explain in detail how we proceed with

the analysis.

3.4 An empirical dynamic four-factor model

In this section, the empirical framework of this study is explained. Existing studies of
the relationship between bond yield spreads and its driving factors have two limitations.
First, many previous empirical models of the link between spreads and stock prices have
been postulated on that the risk factors do not give feedback to each other. In other
words, risk factors are assumed to be strictly exogenous. On the other hand, some of the
empirical studies provide evidence that factors actually do give feedback to each other
(Pelizzon et al. [2014]). Hence, the assumption that the risk factors are strictly exogenous
does not seem to be credible. Second, and raising from the first limitation, the driving
force of the fluctuations in yield spreads are not identified correctly. For example, a
shock to default risk may affect the yield spread positively, but it may have a negative
effect on liquidity as well. This issue makes the the inference of the regressions where the
dynamics of the factors are not taken into account misleading. In this article, we address
both of these limitations with the help of a structural VAR model, where the dynamics
of risk factors are modeled within a vector autoregressive framework. The vector of risk
factors, 2!, consists of default risk measure by first difference of CDS, redenomination
risk measured by first difference of quanto CDS and liquidity risk measured by one of
the liquidity measures. Applying the first difference makes CDS and quanto CDS series
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stationary. The structural representation of this VAR is given by:

Aozl = a+ Z Aiz,f_]- + EC BDummies; + €.
J
ACDS! (3.1)
2= | Aquanto CDS!
liquidity!

where i stands for each country and € is a vector of serially and mutually uncorrelated
structural shocks which are identified from the reduced form VAR model, e} = Al '€l by
imposing short run restriction on Aéfl. We assume that there are three structural shocks
that drive the risk factors: the default shock, €},, redenomination shock, €, and liquidity

; . g . i —1 .
shock €),. The short run restrictions imposed on Af ~ is as follows:

ACDS? default shock

€1t ‘ a;; 0O 0 €14
AQCDS?

eZtQ — as1 Qs 0 Egilnmntn shock (32)
liquidity’ ligdty shock

eq asy asy ass €3¢

where zeros represent the restrictions. The restriction of the identification matrix implies
that default risk is not affected by both liquidity and redenomination shocks. The latter
is consistent with Pelizzon et al. [2014] who, using the Italian government bond data, find
that CDS granger causes liquidity but not the other way around. The former is inspired
by the observation that redenomination risk is higher for countries with high default risk.
In other words, exiting from euro is more probable for countries with higher default risk.
The last row of the identification matrix implies that liquidity risk is affected by both
redenomination and default shocks as well as liquidity shocks.

Yield spreads are assumed to a function of risk factors, as well as the global variable.

the full specification of the yield spread is as follows:

yieldspread: = o' + B1" * yieldspread._, + 32" * ACDS} + 33"+ CDS!_,
+ B4" x AQuantoC DS! + B5" * QuantoCDS!_| + B6" * liquidity!
+ B7" * AGlobal] + 88" * Global,_, + €,
(3.3)

which is specified in a cointegrated autoregressive distributed lag, ARDL(1,1), represen-
tation. ARDL model deals with studding cointegration and is introduced originally by
Pesaran and Shin [1999] and further extended by Pesaran et al. [2001]. This economet-
rics tool is becoming increasingly popular in empirical research due to its econometric
advantages. First, it can be employed regardless of whether the underlying variables are
stationary i.e. I1(0), integrated of order one i.e. I(1) or of higher degrees and second,
the long-run and short-run parameters of the empirical specification can be estimated si-

multaneously. While we are not particularly interested in finding a cointegration relation
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between yield spreads and its drivers, it is really important to control for short run and

long run impact of the factors on yield spreads.

3.4.1 Estimation

The estimation procedure has two steps which are as follows: ARDL(1,1) model in 3.3
is estimated as a system of equations for the whole sample period (2003-2012) for all
countries. System estimation would account for any cross correlation between the error
terms of each country’s equation. For a technical reason, the structural VAR is estimated
separately for each country but only for a sub-sample of the available data, i. e. for 2010-
2012. The reason of cutting the sample is that the redenomination risk becomes active
after August 2010 and therefore its proxy is always zero before this date. This makes
is difficult to interpret the simulation of the yield spreads resulted from the historical
decomposition of the redenomination shocks while we know that basically there was no
such shocks. To control for the effect of the ECB interventions on risk factors we include
a number of dummies in the the structural VAR specification as external variables. Each
of these dummies capture two days window (the announcement day and a day after) of
each of the ECB policies. Since there are two SMPs, one OMT and two LITROs, overall
there are five ECB intervention dummies.

The second step is the simulation of the yield spreads applying the historical decom-
position methodology. Based on 3.3, the yield spreads are a function of three risk factors
in addition to the global factor. Risk factors make the yield spreads an indirect function
of the structural shocks. Moreover, yield spreads of each country are a function of the
measurement error of all ARDL specifications including the country in question.

The aim of the simulation is to compare the relative importance of each structural
shocks in explaining the yield spreads. The simulation of the yield spreads using the
structural shocks are very straightforward. For each country and each maturity, we simu-
late the risk factors using the estimated coefficients of the structural VAR where we keep
only one structural shock in each simulation. The simulated risk factors are then applied
to simulate the yield spreads in 3.3. The resulted simulation series would be interpreted
as the explaining power of the structural shock relative to the other shocks: the more
fluctuations captured by the simulated series, the more important is the structural shock
in explaining the dynamics of the yield spreads. We have done an additional simulation
for each country and maturity using the global factor. The idea here is to visualise how
shocks to the global factor can explain the variations in yield spreads, where a shock
to the global factor is measured by the measurement errors. In other words, to do this
simulation, we simulate the factors without the structural shocks, but the simulation of
the yield spreads is done with all the measurement errors that contribute to construct the
global factor.
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It is important to notice that normally to get a consistent interpretation of the sim-
ulated series one necessary condition is that the structural shocks are orthogonal to the
measurement errors. Otherwise, the impact of the structural shocks on the yield spreads
would be attributable to the measurement errors. Interestingly, the correlation between
the measurement errors and the structural shocks for all countries in all maturities are
very low and pronominalization is not needed. The highest correlation observed in our
sample is between the Italian 10 year maturity measurement error and the liquidity shock
which is 10 percent.

We perform the empirical analysis for the all 3, 5, 7 and 10 year maturities and all
liquidity measures but only the results for the 10 year maturity using the quoted bid-ask

spread as liquidity measure are reported.

Conditional VS Unconditional Estimation

One of the contributions of this paper is that it shows there is a considerable heterogeneity
across countries in response of the yield spreads to factors. Therefore, imposing panel
restrictions on coefficients may mask such heterogeneity and the consequent interpretation
of the results may be erroneous. To better explore the issue, we replicate the results
reported in table 3 of Beber et al. [2009] and present the results in 3.2.

[Table 3.2 here]

To replicate the Beber et al. [2009] results we follow all the procedure explained in the
paper and use exactly the same sample period as the original paper.?. Beber et al. [2009]
estimate the following specification using MTS daily data for ten European countries and

the sample period 2003-2004 at four different maturities and using four liquidity measures:
Yield: — EuroSwap; = o+ B(CDS! — CDSPVP) + ~(Liq — Lig*V') (3.4)

where FuroSwap; is the Euro-swap rate at time ¢, CDS; and Lig} are the credit default
swap rate and liquidity measure for country i at time ¢t and CDSAVE and LigVE are
the cross-sectional averages of the C'DS! and Liq; variables, respectively during period t.
Comparing our results with Beber et al. [2009] suggests that we have been fairly successful
in replicating the results. All the signs of the coefficients of liquidity measures are as
expected and the goodness of fit improves as maturity increases. One of the limitations of
the equation 3.4, apart from the imposing the panel restrictions, is that it omits the lag
dependent variable. Figure 3.5 graphs the 10 year maturity yield spreads of the countries
under analysis for the whole sample period. This figure shows that persistence is one of the
properties of the yield spread series, specially during 2003-2004. This property necessities

the inclusion of the lag dependent variable in the right hand side of the equation 3.4.

2Please refer to the original paper for detailed procedure of variable definitions and data construction
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Therefore, we augment the equation 3.4 in two directions. First we remove the panel
restrictions and allow the coefficients to vary across countries and second, we include the

lag dependent variable in the RHS of equation 3.4:

Yield, — EuroSwap; = a; + \(Yield._, — EuroSwap;_)
+ B;(CDS} — CDSHVE) (3.5)
+ v;(Ligl — LigiV'?)

Table 3.3 reports the system estimation results of equation 3.5 for 10 year maturity
bond rates for 2003-2004 where effective bid-ask spread is used as the liquidity measure.
The results illustrate the importance of the lag dependent variable. It is always highly
statistically significant and its magnitude varies from 0.17 in of Austria to 0.75 in the case
of Greece. Interestingly, the coefficient of CDS is negative and significant for Portugal,
Spain and Belgium and insignificant for Greece. This result makes it clear how restrictive
the panel restrictions are and how misleading the results would be if one does not take
into account the heterogeneity across countries. The case of the liquidity measure is even

worse as it comes with statistical significance and predicted sign only for Spain.

[Table 3.3 here]

Baseline Model Estimation

In this section we present the results of the estimation of equation 3.3. The results are
reported in table 3.4. The results clearly show the importance of unrestricted estimation

as the variation of the magnitude of the coefficients across countries is significant.
[Table 3.4 here]

The last column of the table presents the results imposing the panel restrictions. Not
surprisingly, the lag dependent variable is close to unity and highly significant for all
countries, resulted from the unit root property of the yield spreads. The short-run effect
of the default risk is highly significant as well. The variation of the coefficient of AC' DS}
across countries suggest that the effect of this variable is more pronounced for high yield
countries. It gets its highest values for the case of Italy and Spain, 0.65 and 0.67 respec-
tively, while it is as low as 0.05 for the case of The Netherlands. The long-run effect of
the default risk follows the same pattern as the short-run effect. Its value is higher for
troubled countries and lower for low yield countries. Surprisingly, the short-run effect
of the redenomination risk is negative for high yield countries and insignificant for low
yield countries, and the long-run is only significant for three countries out of nine. We
interpret this result as an evidence that controlling for the default risk would capture the
effect of the redenomination risk as well. Historically, the redenomination risk have been

higher for troubled countries, countries with g=higher default risk. Liquidity risk is an
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interesting case among other factors. It is highly significant with positive sign when we
impose the panel restrictions, but unrestricted coefficients shows that it is only significant
for three out of nine countries. The global variable seems to be another important factor
in explaining the yield spreads. The short-run effect follows he same pattern as the default
risk. It tends to be higher for troubled countries like Italy and Spain and lower for low
yield countries like France and The Netherlands.

We also present the results of the estimation of the structural VAR specification in
relation 3.1. The estimation is done using data from 2010 to 2012. As stated earlier,
in the VAR specification we include five dummies as exogenous variables to control for
the ECB interventions effect on the risk factors. These dummy variables match two
SMPs, two LTROs and a OMT intervention. The results are presented in tables 3.5 to
3.7. Table 3.5 shows the estimation results for AC'DS equation. This variable shows
an autoregressive property for high yield countries (Italy, Spain, Portugal and Ireland)
and a partial autoregressive property for other countries. ACDS also shows a minor
dependence to the first and second lags of the liquidity and redenomination risks, being
significant only for Italy and Belgium. The coefficients on dummies suggest that all the
ECB interventions have been effective to decrease the default risk on impact. Among
all programs, SMPs have been the most successful interventions and they mostly affect
troubled countries. LTROs had milder effect compared to SMPs and they affected the
default risk of Italy the most. While not practically exercised, the announcement of the
MTO is shown to have a positive effect on the default risk of Italy and Spain.

The estimation results for AQuantoC'DS is presented in table 3.6. The coefficients
on the autoregressive variables suggest that this variable is negatively auto-correlated for
all countries. Moreover, the results suggest that this variable receives a feedback from
the first and second lags of the both default and liquidity risks. Unlike AC'DS, the effect
of the ECB policies on AQuantoC' DS is not conclusive. The coefficients of the the two
SMPs are never significant and the first LTRO has increased the redenomination risk of
Spain.

Table 3.7 presents the estimation of the last equation of the relation 3.1. The results
show that liquidity is highly auto-correlated and receives a minor feedback from default
and redenomnation risks first and second lags. Like the case of the default risk, SMPs are
shown to have a the most significant effects on liquidity. But interestingly, the sign of
the coefficients of SMPs are positive meaning that these interventions have decreased the
liquidity. On the other hand, the coefficients of the LTROs are negative but insignificant.

Overall, the results of the VAR estimation show that default risk had the highest effect
on the other factors in the sample period under analysis. Moreover, the ECB intervention

have affected default risk more that other risk factors.

[Table 3.5 here]
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[Table 3.6 here]

[Table 3.7 here]

3.4.2 Historical Decomposition

Historical decomposition is a very strong econometric tool that makes it possible to ana-
lyze the cumulative effect of structural shocks on yield spreads. The relative strength of
this tool over the conventional impulse response analysis is that historical decomposition
does not assume that structural shocks are one time shocks. In reality, shocks affecting
the yield spreads belong to a sequence, often with different signs at different points in
time. We use the historical decomposition by simulating the path of the yield spreads
under the assumption that only one of the structural shocks is non-zero. Comparing the
simulated series with actual yield spread series illustrates the explaining power of the
structural shock. Another set of simulations are carried out for all countries to analyse
the response of yield spreads to contagion. This set of simulations are performed for each
under the assumption that all the structural shocks are zero while all the measurement
errors of other countries (contributing to the global factor) are non-zero.

Figures 3.6 to 3.14 presents the historical decomposition of the yield spreads of all
countries under analysis. Two different patterns could be identified from the simulations.
Expectedly, high yield countries namely Italy, Spain, Portugal and Ireland present a very
clear image: the default risk takes up all the fluctuations of the yield spreads of these
countries. The case of Spain and Ireland are very interesting as the simulated series
closely move with the actual series. However, there is a gap between the simulated series
and actual yield spreads for Portugal and Italy, which widens after the second SMP. We
interpret this result as an evidence of lowered market perception of risk for these two
countries. Liquidity shock tends to play a very minor role for Portugal after the second
SMP, but it does not seem to capture any fluctuations of the yield spreads for other
high yield countries. The same statement could be applied to redenomination risk and
contagion as they seem to play no role in explaining the yield spreads.

On the other hand, the results for low yield countries are not conclusive. Yield spreads
of France does not seem to respond to any of the structural shocks. Therefore, most of
the fluctuations of the series is taken up by the measurement error. Finland and the
Netherlands have a very similar case to France with the exception that default shock tends
to become active after the second LTRO. Belgium and Austria are the most responsive
low yield countries to the default risk. Other structural shocks does not seem to paly any
important role in explaining the yield spreads.

Overall, the results of yield spread simulation are in line with the estimation of the

baseline model: default risk is the main driving factor of the yield spreads of the trou-
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bled countries and it partially explains the fluctuations os the yield spreads of low yield

countries.

3.5 Conclusions

This paper develops a new methodology for analyzing sovereign bond market. Our
methodology identifies the fundamental risk factors that drive the yield spreads. The
flexibility of our methodology allows capturing the dynamic interaction between the risk
factors and studding the ultimate effect of the factors on yield spreads.

One of the contributions of this paper is that it shows that countries are very differ-
ent in responding to the changes in the risk factor. Ignoring the heterogeneity among
countries would make the interpretations misleading. The results of this paper show that
while imposing panel restrictions would result in finding liquidity risk an important factor
describing the yield spread, unrestricted analysis suggest that this factor plays a minor
role.

Our results suggest that the default risk is the most responsible factor for yield spreads,
specially after 2010. This result has important implications for the ECB policy makers.
While the results confirm the effectiveness of the ECB interventions on yield spreads on
impact, their effect does not seem to last very long. Our results therefore may be useful

to give a hint to policy makers on that whether they should target liquidity or quality.
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Figure 3.1: Daily 10 year maturity bond yields (percent) of ten European countries for
the sample period 2003-2012. Data source is DataStream.
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Figure 3.2: Daily 10 year maturity Credit Default Swap (level) rates of ten European
countries for the sample period 2003-2012. Data source is Markit.
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Figure 3.3: Daily 10 year maturity quanto CDS (basis points) rates of ten European
countries for the sample period 2010-2012. Data source is Markit.
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Figure 3.4: Daily 10 year maturity German benchmark bond yields versus Euro-Swap

rates for the sample period 2003-2012. Data source is DataStream.
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Figure 3.5: Daily 10 year maturity bond yields rates differential versus Germany for the
sample period 2003-2012. Data source is DataStream.
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Table 3.2: Panel restricted relation between yield spreads, credit quality and liquidity

Effective bid Depth at the best Liquidity index Cumulative limit

ask spread bid or ask order book depth
3 year
Constant  -0.00150%** -0.001517#%* -0.00150*** -0.00151***
(0.000) (0.000) (0.000) (0.000)
CDS 0.0175%** 0.0167*** 0.0166*** 0.0164***
(0.000) (0.000) (0.000) (0.000)
Liquidity 0.0169 -0.00000117 -0.000362 -4.57e-08
(0.082) (0.315) (0.137) (0.139)
Overal R2 0.062 0.059 0.060 0.061
5 year
Constant  -0.00131%*** -0.00131*** -0.00131*** -0.00131%***
(0.000) (0.000) (0.000) (0.000)
CDS 0.00536%** 0.005097*** 0.00512%%* 0.00473%**
(0.000) (0.000) (0.000) (0.001)
Liquidity 0.0120%** -0.00000279*** -0.000599*** -6.27e-08%H*
(0.002) (0.000) (0.000) (0.000)
Overal R2 0.121 0.121 0.112 0.112
7 year
Constant  -0.00108%** -0.00108%*** -0.00107#** -0.00108***
(0.000) (0.000) (0.000) (0.000)
CDS 0.00255** 0.00259** 0.00280** 0.00251°**
(0.010) (0.008) (0.004) (0.010)
Liquidity 0.0110%** -0.00000396*** -0.00139%** -8.86e-08***
(0.000) (0.000) (0.000) (0.000)
Overal _R2 0.286 0.183 0.142 0.154
10 year
Constant  -0.00102%** -0.00103*** -0.00103*** -0.00103***
(0.000) (0.000) (0.000) (0.000)
CDS 0.00340%** 0.00392°%** 0.00383%** 0.00378***
(0.000) (0.000) (0.000) (0.000)
Liquidity 0.00630 -0.00000211*** -0.000514%** -3.85e-08***
(0.062) (0.000) (0.000) (0.000)
Overal R2 0.378 0.308 0.318 0.315

This table contains the results of replicating Beber et al who estimated the following re-
gression using daily observations from 2003 to 2004: ‘
Yieldi — EuroSwap; = a + 3(CDS; — CDSAVE) + y(Ligi — LigiV'P)

where Yield:, CDS} and Liq} represent the yield, Credit Default Swap, and liquidity mea-

sures for the given maturity and country ¢ over period t. CDS{WE and Liq{‘VE are the

corresponding cross-sectional averages at time period t. The FuroSwap; is the constant
maturity fixed leg yield for the given maturity over period ¢. p-values are reported in paren-
theses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 3.3: Unrestricted relation between yield spread, lag yield spread, credit quality and
liquidity

[taly France Belgium Netherlands Spain

Constant -0.000217* -0.000905*** -0.000749***  -0.000602**  -0.000915***

(0.000) (0.000) (0.000) (0.007) (0.000)
Yid_sprd;, 4 0.489*** 0.269** 0.322%* 0.499*** 0.288***
(0.000) (0.000) (0.000) (0.000) (0.000)
CDS, 0.00225* 0.000561 -0.00219** 0.0156* -0.00474***
(0.017) (0.642) (0.009) (0.024) (0.001)
Liquidity, 0.0129 0.00193 -0.000280 -0.0459 0.0238***
(0.082) (0.459) (0.926) (0.092) (0.000)
adj. (R?) 0.319 0.054 0.092 0.382 0.263
Austria Portugal Germany Greece Finland

Constant -0.000863*  -0.000454*** -0.000795***  0.0000259  -0.000927***

(0.000) (0.000) (0.000) (0.845) (0.000)
Yid_sprd,,  0.165* 0.282°* 0.4877% 0.746%* 0.234*
(0.003) (0.000) (0.000) (0.000) (0.010)
CDS, 0.000879  -0.00238*  0.00668**  -0.000936 0.00435
(0.652) (0.021) (0.002) (0.635) (0.224)
Liquidity, ~ -0.0139** 0.00679 -0.00307 0.0111 0.00811
(0.002) (0.117) (0.770) (0.082) (0.585)
adj. (R?) 0.043 0.130 0.302 0.641 0.077

This table contains the results of estimating the following regression using daily observations
from 2003 to 2004: . ‘ .

Yield; — EuroSwap; = o + X' (Yield;_; — EuroSwap;_1)

+B1(CDS; — CDSMVE) 4 ~i(Lig} — Ligi*V' )

where Yield:, C DS} and Liq! represent the yield, Credit Default Swap, and liquidity measures
(quoted bid-ask spread) for the given maturity and country i over period t. CDSAYVF and
Lz’q{WE are the corresponding cross-sectional averages at time period . The FuroSwap; is
the constant maturity fixed leg yield for the given maturity over period ¢. Data corresponds
to 10 year maturity bond, CDS and Euro-Swap rates. p-values are reported in parentheses.
* p < 0.05, ** p < 0.01, *** p < 0.001
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