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Abstract

We analyze the impact of market frictions on trading volume and liquidity
premia of finite maturity assets when investors differ in their trading needs. Our
equilibrium model generates a clientele effect (frequently trading investors only
hold short-term assets) and predicts i) a hump-shaped relation between trading
volume and maturity, ii) lower trading volumes of older compared to younger
assets, iii) an increasing liquidity term structure from ask prices, iv) a decreasing
or U-shaped liquidity term structure from bid prices, and v) spill-overs of liquidity
from short-term to long-term maturities. Empirical tests for U.S. corporate bonds

support our theoretical predictions.
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1 Introduction

The risk of being unable to sell an asset at its fair value is one of the main risks associated
with securities investment. Such liquidity risk is of particular interest for bonds, since they
offer investors the opportunity to wait for a bond’s maturity and thereby avoid transaction
costs. This option creates a relation between the time until a bond’s maturity and the
liquidity premium investors require to invest in the bond. As this relation affects trading
strategies, optimal portfolio allocations, price discounts, and capital costs, it is important to

all investors and issuers active in global bond markets.

Although there are numerous papers empirically investigating the relation between lig-
uidity premia and maturity, there is little consensus even on the most fundamental question:
What is the shape of the term structure of liquidity premia? Empirically, the term structure
is found to be decreasing (Ericsson and Renault, 2006), increasing (Dick-Nielsen, Feldhiitter,
and Lando, 2012), or U-shaped (Longstaff, 2004). With respect to liquidity transmission be-
tween maturity segments, some informal arguments explain empirically observed spill-overs,
however, we are not aware of any formal equilibrium explanation. Moreover, the literature
offers no explanation for our puzzling empirical observation that bonds with very short or
long maturities are rarely traded, while there is an active secondary market for bonds with

intermediate maturities.

We suggest a parsimonious equilibrium model that explains the seemingly conflicting
empirical results on the shape of the term structure of liquidity premia. Our model also
provides an investor-based rationale for spill-overs from short- to long-term premia (see
Goyenko, Subrahmanyam, and Ukhov, 2011, for empirical evidence on liquidity transmission
for U.S. Treasury bid-ask spreads). Moreover, our unified framework explains the empirically
observed hump-shaped term structure of trading volume and the well-known aging effect (see,
e.g., Warga, 1992; Edwards, Harris, and Piwowar, 2007): other things equal, old bonds trade

less frequently than newly issued bonds.



In our model, agents with heterogeneous investment horizons trade bonds with a con-
tinuum of different maturities in a market with two simple frictions: transaction costs and
shocks to investors’ time preference parameter. If a preference shock occurs, the investor
faces the trade-off between the cost (in terms of utility) of awaiting the asset’s maturity,
which is higher for long-term bonds, and the bid-ask spread charged by an exogenous mar-
ket maker or dealer. Prior to the preference shock, the investor determines her optimal
portfolio allocation by comparing the higher return earned when holding a long-term bond

until the maturity date to the higher expected costs of selling this asset in case of a preference

shock.

Our model offers five key testable predictions. First, assets with very short maturities
are traded less frequently, as are assets with long maturities. The first effect arises because
investors have lower disutility from waiting than from paying the bid-ask spread when ma-
turity is short. As only investors who experience comparatively few preference shocks hold
assets with long maturities, these assets are rarely traded as well. Second, since these low
preference shock investors still hold a proportion of aged (formerly long-term, but now short-
term) bonds, our model endogenously explains the well-documented aging effect. We believe
that ours is the first equilibrium model to explain the impact of aging on trading volume via
a simple transaction cost friction. Third, liquidity premia in bond yields computed from ask
prices are negligible for short maturities, and increase for longer maturities. The increasing
term structure arises, even for constant bid-ask spreads, because the disutility from waiting
increases with maturity. For longer maturities, the term structure flattens out as investors
with low probabilities of preference shocks dominate. Fourth, liquidity premia from bid
yields depend on the term structure of bid-ask spreads. If transaction costs do not depend
on the bond’s maturity, short-term liquidity premia are large, then decrease and flatten out
at longer maturities. If transaction costs are increasing in maturity, the term structure takes
on a U-shape. Fifth, investor-specific portfolio decisions lead to a transmission of liquidity

shocks from the short end to the long end of the term structure, but not vice versa.



We verify these key model predictions empirically using transaction data for highly rated
U.S. corporate bonds from the TRACE database. The results of multiple regressions confirm
that transaction volume is hump-shaped and bonds are traded less frequently as they age.
To calculate the liquidity component in bond yields, we employ two completely different
approaches. First, we follow Longstaff, Mithal, and Neis (2005) and compute liquidity premia
as the difference of bond yields from trade prices and theoretical prices that are computed
from a bootstrapped credit risky curve using Treasury yields and CDS premia. Second,
we implement the methodology of Dick-Nielsen, Feldhiitter, and Lando (2012) and identify
the liquidity component using an indirect, regression-based approach. All analyses as well
as multiple robustness checks show that liquidity premia computed from ask prices are
monotonically increasing with a decreasing slope. Liquidity premia computed from bid
prices are U-shaped with significant liquidity premia for very short maturities. Finally, a

vector autoregression analysis confirms spill-overs from short- to long-term liquidity premia.

Our paper adds to several strands of literature. Ericsson and Renault (2006) model the
liquidity shock for assets with different maturities as the jump of a Poisson process that
forces investors to sell their entire portfolio to the market maker, who charges a proportional
spread. Liquidity premia are downward-sloping because only current illiquidity affects asset
prices, and because investors have the option to sell assets early to the market maker at
favorable conditions. Kempf, Korn, and Uhrig-Homburg (2012) extend this analysis by
modeling the intensity of the Poisson process as a mean-reverting process. In this setting,
liquidity premia depend on the difference between the average and the current probability of
a liquidity shock, and can exhibit a number of different shapes. In contrast to these papers,
we allow investors to trade-off the transaction costs when selling immediately versus the
disutility from awaiting the bond’s maturity. By endogenizing investors’ trading decisions
in bonds of different maturities, our model provides an equilibrium-based explanation for

spill-overs of liquidity shocks between different ends of the maturity range.



Feldhiitter (2012) is most closely related to our study, since he considers an investor’s op-
timal decision to a holding cost shock. Search costs allow market makers to charge a spread,
which results in a difference between the asset’s fundamental value and its bid price. How-
ever, Feldhiitter (2012) abstracts from aging because in his model, bonds mature randomly
with a rate of % Additionally, his model cannot accommodate any spill-over effects between

maturities because bonds of different maturities 7" are not considered simultaneously.

Besides supporting the equilibrium model predictions, our results provide an explanation
for the variation in the term structures found in previous empirical studies. Studies that
document a decreasing term structure (Amihud and Mendelson, 1991; Ericsson and Renault,
2006) or a U-shaped term structure (Longstaff, 2004) use mid quotes or ask quotes net of a
spread component such as brokerage costs. In contrast, Dick-Nielsen, Feldhiitter, and Lando
(2012) find an increasing term structure for the U.S. corporate bond market computed from
average quarter-end trade prices. However, trade prices in this market are dominated by
buy transactions, as the numbers of observations in Panel A of our Table II document.
Hump-shaped (Koziol and Sauerbier, 2007) or variable term structures (Kempf, Korn, and
Uhrig-Homburg, 2012) arise from a varying mixture of bid and ask prices. Hence, consistent
with our theoretical predictions, the shape of the liquidity term structure is crucially driven

by whether most transactions occur at the dealer’s bid or ask price.

Last, our paper contributes to the growing literature on asset pricing in heterogeneous
agents models. Like Beber, Driessen, and Tuijp (2012), we study optimal portfolio choice of
heterogeneous investors faced with exogenous transaction costs in a stationary equilibrium
setting. Duffie, Garleanu, and Pedersen (2005) and Vayanos and Wang (2007) endogenize
transaction costs through search costs and bargaining power. None of these studies, how-
ever, can address the relation between maturity and liquidity as they do not simultaneously
consider assets with different finite maturities. We show that even when transaction costs

are identical for all maturities, liquidity shocks are transmitted from short-term to long-term



bonds via heterogeneous investors.

2 Model Setup

This section presents an extension of the Amihud and Mendelson (1986) model adapted to
bond markets. We present the model setting in Section 2.1, describe the equilibrium in
Section 2.2, and provide a discussion of the differences between our model and the one of
Amihud and Mendelson (1986) in Section 2.3. Our objective is to derive equilibrium relations
between a bond’s time to maturity, trading volume, and liquidity premia. We derive these

relations in Section 3 and test them in Section 5.

2.1 Setting

In our continuous-time economy with cash as the numeraire, there are two types of assets:
the money market account in infinite supply paying a constant non-negative return r and a
continuum of illiquid zero-coupon bonds with maturity between 0 and Ty,., at which they
pay one unit of cash. Bonds are perfectly divisible and, for each initial maturity 7},;; between
0 and T.y, are issued at a constant rate a.' Hence, in steady state, bonds of the same initial

maturity are equally distributed with respect to their remaining time-to-maturity.

We consider two types of agents: high-risk investors (type H) and low-risk investors
(type L). Each investor is infinitesimally small, but all type-i investors together have ag-
gregate wealth W;. Investors are risk-neutral and have utility from consumption of cash
(received from the money market account or from sold/matured bonds) U; (¢), i € {H, L}.
In addition, we assume that (unmodeled) dealers act as intermediaries: they provide lig-

uidity via bid and ask quotes at which they stand ready to trade. They are compensated

!Note that with the assumption of a given issuance rate a, we take maturity dispersion as given. This
assumption is supported, for example, by firms managing rollover or funding liquidity risk by spreading out
the maturity of their debt (Choi, Hackbarth, and Zechner, 2015; Norden, Roosenboom, and Wang, 2016).



only for providing immediacy by an exogenous bid-ask spread s(7"), depending on a bond’s
(remaining) maturity 7', i.e., they quote an ask price P*X(T) = P (T) and a bid price
PP(T) = (1—s(T))-P(T)?

Investors choose their portfolio allocation across available assets taking into account that
each investor experiences a single preference shock with Poisson rate \;, i € {H, L}, \p < Ay,
that increases her time preference rate from r to r + b > r. We can economically interpret
this event as a funding shock that leads to an incentive for the investor to reduce her security
holdings (see Brunnermeier and Pedersen, 2009).> As a reaction to the shock, the investor
decides for each bond whether to sell it at the bid price and consume the proceeds, or to hold
the bond despite the increased time preference rate. It is intuitive that the disutility from
waiting approaches zero for bonds with very short maturities. Therefore, investors avoid
paying the bid-ask spread for short-term bonds and never sell them prematurely. We denote
the maturity for which an investor is indifferent between selling the bond and holding it until
maturity by 7 (which is identical for both investors). Below, we only consider steady-state
equilibria, in which neither prices nor aggregate wealth changes over time. An investor who
does not experience a preference shock then has no incentive to change her (initially optimal)
portfolio allocation. It is therefore sufficient to consider the investor’s decision problem at
time ¢ = 0, where each investor maximizes her expected utility from consumption by choosing
the amount of money invested into the money market account and into bonds with different
maturities. We formally derive this decision problem and calculate first order conditions in
Appendix A, we compute equilibrium prices in Appendix B, and show that markets clear,

given these prices, in Appendix C.

2In contrast to our approach, some recent papers model bid-ask spreads endogenously in a search-based
framework. Applying a search-model introduces limiting restrictions on the number of different assets traded
at the same time (e.g., in Feldhiitter, 2012, all bonds have the same (expected) maturity 7' and mature
randomly). A further advantage of our approach is the use of easily observable bid-ask spreads as an input.
In contrast, search intensities and search costs, which are needed in search-based models, are hard to quantify
empirically.

3Duffie, Géarleanu, and Pedersen (2005), Feldhiitter (2012), and He and Milbradt (2014) obtain a similar
effect through an increased holding cost for the bond. Our model is thus operationally equivalent to those
search-based models in this aspect.



2.2 Clientele Effect

In equilibrium, if the wealth of low-risk investors alone is not sufficient to buy all bonds,
there arises a clientele effect related to the ones in Amihud and Mendelson (1986) and Beber,
Driessen, and Tuijp (2012). In our case, low-risk investors buy only bonds with maturity
above Ty, and high-risk investors buy only bonds with maturity below Tj,,. Note that
dealers (in aggregate) do not absorb any inventory. Hence, low-risk investors absorb the
supply of long-term bonds and high-risk investors absorb the supply of short-term bonds.
Proposition 1 summarizes the results on equilibrium prices and the clientele effect, which we

prove in Appendix B. For ease of exposition, we set r = 0.

Proposition 1. (Equilibrium prices and clientele effect)
For constant or monotonically increasing bid-ask spreads s(T) with 0 < s(T) < 1, prices of

illiquid bonds P(T) are given in closed form

be E T _)\p.e—bT . .
e —, if T < min(7, Tim)
T
e~ [ As@de . p(r), it <T <Tim
,IT AL M) +s@)Ap g .
P(T) = e Tim  HALTim) . P(Tlim)7 <, <T , (1)

~TA A-(1-eTOL=D) '

T (AL (M) ts@)Ap g

e Jr TR T -P(r), T, <7<T

where Ap(Tim) denotes marginal utility of low-risk investors when investing in bonds with
maturity Ty, and 7 is the maturity for which investors are indifferent between selling the
bond when experiencing a preference shock and holding it until maturity. In equilibrium, there
arises a clientele effect that leads to low-risk investors investing only in long-term bonds with

T > Tiim and high-risk investors investing in short-term bonds with T" < Tiiy,.

The terms within the integrals in Equation (1) can be interpreted as the instantaneous

returns of bonds with maturity x. Subtracting the expected transaction costs \; - s(x) gives



the expected excess returns net of transaction costs, which are 0 for high-risk investors and

7 < T < Tiim, and positive for low-risk investors for all maturities.

2.3 Comparison to the Amihud and Mendelson (1986) Model

Before proceeding with the predictions of our model for trading volume and liquidity premia,
it is instructive to compare our model to that of Amihud and Mendelson (1986). With respect
to the optimization problem, we endogenize the investor’s decision to sell assets as a reaction
to the preference shock. With respect to assets, we consider a continuum of assets with
(almost) arbitrary bid-ask spreads. The clientele effect in Amihud and Mendelson (1986)
results from different bid-ask spreads of assets with identical (infinite) maturity. Hence,
investors with low trading needs invest in assets with large bid-ask spreads in the Amihud
and Mendelson (1986) model. In contrast, our clientele effect also applies if bid-ask spreads
are identical for all bonds. The reason for this difference is the investor’s endogenous decision
to sell, which allows her to trade-off one type of illiquidity (the disutility of higher transaction
costs) against another type of illiquidity (the disutility from awaiting the bond’s maturity).
Hence, even if short-term bonds are not more “liquid” with respect to transaction costs, they
are more “liquid” due to the lower disutility from awaiting their (closer) maturity. In contrast,
if investors are forced to sell immediately after a liquidity shock (like, e.g., in Amihud and
Mendelson, 1986; Ericsson and Renault, 2006), this second source of liquidity is irrelevant
since a bond’s maturity and a liquidity shock never coincide in a continuous-time setting.

For that reason, there would be no advantage from investing in short-term bonds.



3 Hypotheses on Trading Volume and Liquidity Term

Structure

3.1 Trading Volume

We first present the model-implied relations between trading volume, maturity, and age.
These relations are intuitive: First, bonds of short maturities are not sold prematurely, since
the disutility from awaiting maturity is low. Second, the clientele effect (high-risk investors
with strong trading needs only hold short-term bonds) translates into lower trading volumes
for bonds with longer maturities. The first and second effect lead to a hump-shaped relation
between maturity and trading volume. Third, an aged bond (formerly long-term but now
short-term) is still partially locked up in the portfolios of investors with low trading needs.
This leads to a lower trading volume of this bond compared to a young short-term bond. We
are not aware of any other model that is both able to endogenously derive relations between

maturity, age, and trading volume and predict term structures of liquidity premia.

The predictions regarding trading volume are summarized in the following proposition,
which we prove in Appendix E. We exclude trading volume from issuing activities in the
primary market, which are exogenous in our setting, and focus on secondary-market trading
volume. Since in aggregate, dealers do not hold any inventory, trading volume equals twice

the volume sold by investors to dealers.?

Proposition 2. (Trading volume)

Consider the case that T < Tiiy,.

1. Secondary-market turnover is hump-shaped in the time to maturity T', more specifically,
it 1s zero for T < 1 and equals 2 - A, for T > Ty For T with 7 < T < Ty, turnover

exceeds 2 - \p,.

4We look at turnover, i.e., trading volume in percent of the outstanding volume for each maturity since
the outstanding volume of short-term bonds exceeds that of long-term bonds due to the latter’s aging.



2. For two bonds 1 and 2 that both have a remaining maturity T with 7 < T < Ty, but
a different initial maturity Tinie1 < Thim and Tinica > Tim, secondary-market turnover

is higher for the younger bond 1 than for the older bond 2.

In the (less interesting) case that T}y, < 7, high-risk investors never sell bonds prema-
turely, and turnover is determined by low-risk investors only. Hence, turnover is zero for

T < 7, and equals 2 - A\ for 7" > 7. Then, no aging effect arises.

We illustrate the relation between maturity and trading volume with the help of a baseline
parameter specification in Figure 1. In this specification, bid-ask spreads are 0.3% for all
maturities 7. High-risk investors experience preference shocks with a rate of Ay = 0.5, i.e.,
they experience on average one preference shock every 2 years. Low-risk investors experience
half as many shocks (A, = 0.25).5 b equals 2%, i.e., if a shock arises, investors’ time preference
rate increases by 2% which can be thought of as the additional borrowing cost in excess to

the risk-free rate.

Insert Figure 1 about here.

The dependence of trading volume on the distribution of bonds over the portfolios of low-
and high-risk investors leads to the aging effect (second part of Proposition 2). Bonds with
initial maturity Ti < Thim (dotted line in Figure 1) are only held by high-risk investors.
These investors sell the bonds when experiencing a preference shock if the remaining maturity
T is larger than 7. This leads to a turnover of these bonds which equals 2 - Ay for T" > 7

and drops to zero for T' < 7.

The same intuition applies for low-risk investors and bonds with initial maturity 7T}.;; >
Tim (dashed line in Figure 1) and remaining maturity 7' > Ty,. If they reach a remaining

maturity 7" below Ti,, only high-risk investors purchase the bonds. Hence, these bonds

®Our parameter values are comparable to Feldhiitter (2012), who estimates for the U.S. corporate bond
market that investors experience a preference shock once every three years.

10



gradually move into the portfolios of high-risk investors, who suffer preference shocks with a
higher rate. Therefore, turnover increases for decreasing maturity (until it drops to zero at
7). As a direct consequence, a bond with remaining maturity 7' < T}, has a lower turnover
if its initial maturity was larger than Tj;,, (the bond is older), compared to a younger bond

with initial maturity Tinie < Tim-

The solid line in Figure 1 shows turnover for all bonds. It corresponds to the weighted
average of the other two lines, with weights equal the proportion of bonds of remaining
maturity 7. Our model predictions are consistent with the aging effect discussed in Warga
(1992) and empirically documented, e.g., in Fontaine and Garcia (2012) for U.S. Treasuries
and Hotchkiss and Jostova (2007) for corporate bonds. Note, however, that our aging effect
is of a cross-sectional nature, i.e., it compares two bonds with the same remaining maturity
but different age. It therefore differs from the on-the-run/off-the run effect, which describes
the decreasing trading volume over a single bond’s life. In the empirical analysis, we isolate

the impact of aging not due to the pure on-the-run/off-the-run effect.

3.2 The Term Structure of Liquidity Premia

To demonstrate the effect of illiquidity on the term structure of interest rates, we separately
compute liquidity premia from ask prices P*(T) = P(T) and from bid prices P"4(T) =
(1 —s(T))- P(T). Liquidity premia are defined as the bond yield minus the risk free rate r,

ie.,

Mg (7) — ) (P;jk(T)) = 0elPd) <§(T)> -7,
Mg (T") = _log (P;id(T)) o log (1 ; s(T)) log (;(T)) . @

6Vayanos and Wang (2007) provide an explanation for this effect based on coordination. In their model, it
is more attractive for speculators to trade bonds that are expected to be more actively traded in the future.
For that reason, liquidity concentrates in newly issued on-the-run bonds.

11



The formulas for liquidity premia can be interpreted as distributing the “liquidity dis-
count” over the time to maturity 7". Bid premia are increased in addition by bid-ask spreads
s(T'), which are distributed over T, as s(T") ~ —log (1 — s(7T')) for small s(7"). We summa-
rize our model predictions regarding the term structure of liquidity premia in Proposition 3,

which we prove in Appendix E.

Proposition 3. (Term structure of liquidity premia)

1. The term structure of liquidity premia from ask prices Illiank(T) 18 monotonically in-
creasing in time to maturity T for all T and goes to zero forT'— 0. The term structure

flattens at Ty, €.,

. . ask ! . - ask /
Tller{l (g™ (7)) >Tlf%3,,, (Iig™(T)) . (3)

2. The term structure of liquidity premia from bid prices iq"Y(T) is decreasing in T at

the short end.

3. Llliquidity spills over from short-term to long-term maturities: ceteris paribus, higher
(lower) liquidity premia for T < Ty due to a higher (lower) liquidity demand of high-
risk investors Ay lead to higher (lower) liquidity premia for maturities T > Tyy,. The

reverse effect does not hold.

The predictions in Proposition 3 are illustrated in Figure 2 for constant and in Figure 3
for the empirically relevant case of increasing bid-ask spreads. The parametric form of bid-
ask-spreads in Figure 3 is calibrated to observed bid-ask spreads (for details, see Section 5.1).
Both figures show that ask premia Illiq®™*(T") (solid lines) always go to zero for 7' — 0 as the
disutility from awaiting the bond’s maturity vanishes. In Figure 2, the ask term structure
Iliq™*(T") flattens out quickly. Since the slope is already close to zero for T 1 Ty, the small
kink at Tji, is hard to detect as Illiank(T) cannot decrease in maturity. Otherwise, low-risk

investors would invest in bonds with shorter maturities. In Figure 3, ask liquidity premia

12



increase more strongly for longer maturities as expected trading costs increase due to the
increasing term structure of bid-ask spreads s(T'). Hence, the kink at Tj;, becomes more

apparent. Bid-premia Illiq"(7") (dashed lines) always exhibit an inverse shape.
Insert Figures 2 and 3 about here.

Figures 2 and 3 also illustrate the spill-over effect from short-term to long-term liquidity
premia. In Figure 2, thin lines depict the case where high-risk investors’ liquidity demand
Ap is twice as large as in the baseline specification (thick lines). All other parameters remain
unchanged. Although only high-risk investors, who hold short-term bonds (with maturities
smaller than Ty, ), are affected by this change, liquidity premia of all maturities increase. The
economic rationale for this liquidity spill-over is the same as above: if long-term ask liquidity
premia were lower than short-term premia, low-risk investors would prefer short-term bonds
over long-term bonds. In terms of observables, the spill-over corresponds to a (causal) impact
of shocks in short-term liquidity premia to long-term liquidity premia. Therefore, our model
provides a formal mechanism for liquidity transmission between different maturity segments,
which Goyenko, Subrahmanyam, and Ukhov (2011) empirically document for bid-ask spreads
of U.S. Treasury bonds. A second, independent mechanism that can increase short-term
liquidity premia in our setting (besides a higher liquidity demand Ag) is an increase in bid-
ask spreads for short-term bonds. Therefore, higher short-term bid-ask spreads also lead
to a spill-over from short-term liquidity premia to long-term liquidity premia as illustrated
in Figure 3. Here, the thin lines present a specification with higher short-term bid-ask
spreads (below 2.5 years) than in the baseline case (thick lines) while nothing changes for
maturities above 2.5 years. Note, however, that the spill-over at the liquidity premium level
in Proposition 3 directly arises through optimal investor behavior even if bid-ask spreads are

identical for all maturities.

Apart from the predictions of Proposition 3, Figure 2 and Figure 3 allow us to make

two additional observations. First, for constant bid-ask spreads, bid liquidity premia also

13



flatten out for longer maturities because the fixed bid-ask spread is distributed over a longer
time period.” Second, for the (empirically relevant) case of increasing bid-ask spreads, bid
liquidity premia slightly increase at the long end. The increasing shape of the bid-ask spread
curve therefore results in increasing term structures of liquidity for ask and flat or U-shaped

ones for bid liquidity premia.

Taking into account that empirically observed bond yield spreads are typically computed
from mid prices and incorporate a liquidity component, our model can shed light on the
credit spread puzzle. This puzzle refers to the observation that empirically observed bond
yield spreads are too high, especially at the short end, compared to what structural models
a la Merton (1974) can explain (see, e.g., Huang and Huang, 2012). If we average ask and
bid prices to compute mid liquidity premia in our framework, we get an inverse shape with
large premia for very short maturities: in our baseline specification, we obtain about 185

bps for one month time to maturity.

In summary, the model predicts five main testable hypotheses. First, turnover is hump
shaped. Second, for bonds that have identical maturity but a different age, the older bond
has lower or equal turnover compared to the younger bond. Third, liquidity premia com-
puted from ask prices are monotonically increasing in maturity at the short end, and, for
the empirically relevant case of increasing bid-ask spreads s(7'), flatten out (but remain
upwards-sloping) for longer maturities. Fourth, liquidity premia computed from bid prices
are monotonically decreasing at the short end and, again depending on the shape of s(T"),
at least flatten out or start increasing for longer maturities. Fifth, liquidity shocks spill over

from the short end to the long end of the liquidity term structure.

"A recent working paper of Huang et al. (2014) confirms our model predictions empirically. The authors
find that investors with low liquidity needs on average hold more illiquid bonds (with higher liquidity premia),
but demand less compensation for less liquid bonds than investors with higher trading needs would. These
empirical results correspond to our clientele effect and the flattening term structure of liquidity premia.
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4 Data

We use bond transaction data from Enhanced TRACE (Trade Reporting and Compliance
Engine) to test the predictions of our model. TRACE contains information concerning
secondary-market transactions of U.S. corporate bonds, e.g., actual trade prices, yields result-
ing from these prices, and trade sizes. In contrast to standard TRACE, Enhanced TRACE
additionally includes information on the side of a trade for the full sample, and trading
volumes are not capped at 5 million USD. Since Enhanced TRACE contains information
that has previously not been disseminated to the public, it is only available with a lag of 18
months. Therefore, our observation period ends in September 30, 2012. As the beginning of
our observation period, we select the full implementation of TRACE in October 1, 2004. We
then collect the transaction yield, price, volume, and the information whether the trade is

an interdealer trade or a customer buy or sell trade as well as the reporting date and time.

We start with filtering out erroncous trades as described in Dick-Nielsen (2009, 2014).
For the remaining bonds, we collect information on the bond’s maturity, coupon, and other
features from Reuters and Bloomberg using the bond’s CUSIP. We drop all bonds which are
not plain vanilla fixed rate bonds without any extra rights. We also collect the rating history
from Reuters and drop all observations for bonds on days on which fewer than two rating
agencies (S&P’s, Moody’s, Fitch) report an investment-grade rating. We exclude private
placements, bonds with more than 30 years remaining maturity, and all bonds that are not

classified as senior unsecured in the Markit database.

For the sample used in the analysis of liquidity premia, we follow Dick-Nielsen (2009)
and additionally drop all transactions with non-standard trade or settlement conditions.
Moreover, we exclude all trades for which the yield calculated from the reported price does
not exactly match the reported yield (less than 1% of the trades). For the turnover analysis
and as a control variable, we collect the history of outstanding notional amounts for each

bond from Reuters. We use Treasury yields as the risk-free interest rate curve and employ
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swap rates instead as a robustness check in Section 6.1. For the par Treasury yield curve,
we use updated data from Giirkaynak, Sack, and Wright (2007) published on the Federal
Reserve’s website. We use USD swap curves available via Bloomberg for maturities larger
than three months and extend the curve at the short end by linearly interpolating the six-
months rate with USD LIBOR rates for a maturity of one and three months. We also account
for the different day count conventions in swap and LIBOR markets. Table I summarizes
the data selection procedure and the number of observations for our final sample and the

subsamples used in our robustness checks in Section 6.

Insert Table I about here.

Since our theoretical predictions are for zero coupon bonds, but traded bonds are mainly
coupon bonds, we use duration instead of time to maturity in our empirical tests. We
obtain similar results when using the time to maturity as an explanatory variable. Turnover
is computed from outstanding amounts and notional volumes. Determining the liquidity
component in bond yields, on the other hand, is less straightforward. We apply two different

methodologies:

First, we compute the liquidity premium as the difference between the observed bond
yield and the yield of a theoretical bond with identical promised cash flows, but which is
only subject to credit risk. This approach is in line with, e.g., Longstaff, Mithal, and Neis
(2005), and does not depend on a specific proxy for bond illiquidity. In the first step, we
determine a zero credit-risky curve with which we discount the promised payments of the
bond. We collect a time series of daily CDS mid quotes of all available maturities for each
bond issuer from Markit, and derive a full term structure by interpolating between the
available maturities. Since the shortest available maturity for CDS quotes is six months, we
extrapolate the term structure of CDS premia at the very short end. We then bootstrap a zero
credit-risky curve using Treasury par yields, accounting for different day count conventions

and payment frequencies of CDS and Treasury markets. In the second step, we calculate the
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liquidity premium as the difference between the observed bond yield (again differentiating
between customer buys and customer sells) and the hypothetical yield of the bond that is
only subject to credit risk. We denote the resulting liquidity premium by Illiqi?g/ Py,
which we calculate for each trade in our sample and which we winsorize at the 1% and
99% level. We also use the derived theoretical risk-free bond price, instead of the reported
transaction price, to calculate the bond’s duration since we do not want duration (our right
hand side variable) to be affected by construction by the liquidity premium (our left hand

side variable).

Second, we follow Dick-Nielsen, Feldhiitter, and Lando (2012) and identify the liquidity
component in bond yields by regressing monthly bond yield spreads on a liquidity measure.
We calculate the Amihud (2002) liquidity measure, imputed roundtrip costs as in Feldhiitter
(2012), and their intra-month standard deviations. We winsorize all four measures at the
1% and 99% quantile, transform them to a standard deviation of one, and take the equally
weighted average Im;, as our aggregated measure of illiquidity for bond 4 in month ¢ (for
details, we refer to the appendix of Dick-Nielsen, Feldhiitter, and Lando, 2012).® In the
second step, we compute the bond’s yield spread ys;, as the difference between the observed
yield and the yield of a risk-free bond with identical promised cash flows (where all payments
are discounted at the Treasury curve) and again winsorize yield spreads at the 1% and 99%
level. If the observed yield belongs to a transaction marked as a customer buy in TRACE,
we denote it by ys#*(T'), and by ysbi4(T) if it belongs to a transaction marked as a customer
sell. We then compute the average over all observed trades for this bond at the bid or ask
side on the last day of the month (we only use the last day to reduce endogeneity of the
liquidity proxy). To identify the liquidity component in bond yield spreads separately for

bid and ask yields and for different maturities, we use dummy variables for the side of a

trade (Lag and 1p;q) and for monthly duration buckets, i.e., 1 (T <T< T+ 1} We then run

8In contrast to Dick-Nielsen, Feldhiitter, and Lando (2012) who demean each measure, the individual
measures are strictly positive in our analysis. The reason is that a perfectly liquid bond should have a
liquidity measure of 0, not a large negative value, for our subsequent regressions to be meaningful.
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the following regression model, pooled across all bonds ¢ and months ¢:

ask /bid
ysiyPUT) = a

a
+ E ﬁTm : ]lask : ]l{ngT<Tm+é} ' lmit
Tme{s, 530}

b
+ E 81, Ubia - Ly, <rer, 4 1y - Imae
Tme{d, 3,30}

+ Z Vo - Lz, <rem, + 1y - CDSit
Tm€{{5, 1530}

+ § - Controls + ;. (4)

where T' is the bond’s duration in years, Im; is as described above, CDS;; is the five-year
CDS Markit mid quote for issuer of bond 7 for month ¢, and Controls include the month-end
numerical rating of the bond (where AAA (D) corresponds to a rating of 1 (22)), bond age in
years, and the logarithm of the outstanding amount of the bond. Table I shows the number
of observations for this regression in the last column. The impact of the control variables
is as expected: CDS premia affect bond yield spreads positively and significantly for each
duration bracket, with higher coefficient estimates for bonds with higher duration. Rating
and age also have a positive (0.09 and 0.03, respectively) and significant impact, outstanding
amount has a negative (-0.05) and significant impact. Finally, we can compute an average

liquidity component for each duration bucket [T}, T, + %) in the bond yield as

—

i P (T,) = BY° - Imaean(Tin), (5)

reg m )

—

where ﬁ;fn * is the estimate from Equation (4) and Imyean (T, is the mean across all obser-

vations Im;; that fall in the corresponding duration bucket.
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5 Empirical Analysis

5.1 Bid-ask spreads

Our model predictions for the long end of the term structure of liquidity premia depend on
the shape of the term structure of bid-ask spreads. Therefore, we calibrate a parametric form
for s(T") to our data set. Using non-linear least squares, we minimize the sum of squared

errors ¢; in the following equation:?
s(T) = gPid-ask  phid-ask (1 B efcbid-ask-T) te (6)

where bid-ask spreads s(T') are calculated for each bond with duration 7" on days with
trades on both sides as the difference between the average bid and ask transaction price.
We winsorize bid-ask spreads at the 1% and 99% quantile. Figure 4 presents the calibrated

function s(7") together with average bid-ask spreads for monthly duration buckets.
Insert Figure 4 about here.

Figure 4 shows two important properties of bid-ask spreads. First, bid-ask spreads are
small but distinctly positive even for securities with very short maturities, which corresponds

to a fixed component of transaction cost. Second, bid-ask spreads increase in maturity.

5.2 Hypotheses

Our model predicts a non-linear relation between maturity 7" and bid and ask liquidity

premia. More formally, it predicts that the sensitivity of liquidity premia to maturity 7" is

9Since the bond-specific spread should be limited between 0 and 1, a range of simple functions such as a
linear form s(7T) = qPid-ask 4 pbid-ask 7 o1 jtg exponential counterpart s(7') = gPid-ask 4 pbid-ask. (ecb‘d"“kT)

for ¢Pid-2sk > () are not suitable for all possible Ty ax.
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different for short- and long-term bonds. To test these relations, we employ piecewise linear
regressions that explicitly allow for such a different sensitivity for maturities below and above

a breakpoint y:

Wig* (T) = a® + By - Lireyy - (T —y) + BS - Lipsyy - (T —y) + 7" - Controls + ¢,

Wig™(T) = a” + 87 - Lireyy - (T = y) + By - Lyrsyy - (T —y) +9" - Controls + ¢, (7)

where Illiq™*(T) (Illiq™4(7")) is again the liquidity premium computed from ask (bid) prices,
T is the duration of the bond, and ¢ is an error term. We employ a wide range of breakpoints y
between three months and three years and do not endogenously derive an optimal breakpoint

to avoid overfitting.1?

If our hypotheses regarding the liquidity term structure are confirmed, we expect the
following behavior. For ask premia, we should find positive and significant estimates for 3}
and 9 as the slope of the ask liquidity premium term structure is positive for all maturities.
Because our model predicts a flattening term structure, we expect ¢ to be larger than (5.
For bid premia, we should find significant negative estimates for 3°. The shape of the bid
term structure at the long end depends on the shape of bid-ask spreads s(7"). Figure 3
shows for the empirically calibrated bid-ask spread curve that bid premia are relatively flat
but slightly increasing at the long end. Therefore, we expect 35 to be either not significantly

different from zero or slightly positive.

A similar intuition holds for trading volume. There, we use a regression of the form

Turnover(T) = a+ B - Lip<yy - (T = y) + B2 - Lipsyy - (T — y) + Bs - Age + v - Controls + ¢,

(8)

and expect positive and significant estimates for 5; and negative and significant estimates of

B We expect a negative estimate for (3, since our model predicts a lower trading volume

ONaturally, our model does not imply that our predictions hold for every possible duration breakpoint.
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for an older but otherwise equal bond compared to a younger one.

Last, our model predicts that liquidity shocks spill over from the short end to the long
end of the liquidity premia term structure, but not vice versa. We use a vector autoregression
(VAR) analysis to explore this unilateral effect. The Akaike information criterion (AIC) and
the Bayesian information criterion (BIC) suggest a lag length of one for most specifications.
As we want to account for an influence of past changes (i.e., liquidity shocks) on today’s

liquidity premium, we chose a lag length of two and run the following time-series regression:

thaSk T < y Z ¢z ,short thaSk T < y + Z ﬁzalong thaSk (T > y) +e€

Mgy (T < y) = Z B ahort - Wi (T < y) + Z Brong - Wi (T > y) + ¢

=1

Mg (T > y) = Z B hort - THQE™(T < ) + Z Brong - TIGEH(T > y) +

Wiqy (T > y) =Y Bl aone - Wi (T < ) + Z B tong - AP S(T > y) + € (9)
=1

where g™/ PUT < ) is the average liquidity premium computed from ask/bid prices
across all short-term bonds (with a duration below ) in month t, Ilhank/ PUT > y) is the

average liquidity premium computed from ask/bid prices across all long-term bonds (with a

a/b

i,long) measures the autocorrelation of the short-term (long-

duration of y or above), ¢l Short (¢
term) liquidity premium of order 7, and @a {jng (5? gﬁort> measure the spill-over of liquidity
shocks from long-term bonds to short-term bonds (short-term bonds to long-term bonds)

with lag 7. If our hypotheses regarding the liquidity spill-overs across the term structure

hold, we should find insignificant estimates of ﬁ

i 10ng7
a/b
of Bi,short .

but positive and significant estimates
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5.3 Term Structure of Liquidity Premia

We first illustrate the average term structure of ask and bid liquidity premia together with
the corresponding term structure predicted by our model in Figure 5. Visual inspection
of Panels A and B suggests that our main hypotheses regarding liquidity premia hold for
both approaches to measure liquidity premia. Ask liquidity premia are mostly increasing in
maturity, while bid liquidity premia exhibit an inverse shape. At the long end, both bid and

ask premia slightly increase with maturity.

Insert Figure 5 about here.

We now formally explore the effect of maturity on bond liquidity premia and estimate
Equation (7) for six different specifications of the breakpoint y between three months and
three years. In the analysis of Illiqu}ff/ Pid e use the numerical rating, bond age, and out-

standing amount as control variables.!! When the illiquidity component is calculated with

the second approach, i.e., for Illiqfesg/ Pid “these effects are already controlled for in the first-
step regression (4). For Illiqi?g/ bid, for which we have an observation for each trade in our

sample period, we also include month and firm fixed effects to adjust for unobservable vari-
ation in our bond sample over time or across firms, and cluster standard errors by firm as

suggested by Petersen (2009). The results of the regression are given in Table II.

Insert Table II about here.

Panel A and B of Table II confirm our hypotheses regarding liquidity premia. Irrespective
of the way we measure liquidity premia, we find that the estimates for the slope at the
short end, ff, are always positive and significant for ask liquidity premia for 11 out of 12

specifications. The estimates for the slope at the long end, 39, are always positive and again

HEdwards, Harris, and Piwowar (2007) report a dependence of transaction costs on age and outstanding
volume which is not directly captured by our model.
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significant in 11 out of 12 cases, and consistently smaller than the estimates for 3{ by around
a factor of 10 to 20. This relation indicates a much higher slope at the short end. When
we formally test this relation, we obtain an always negative difference between the long and
the short end which is significant in 11 out of 12 cases. Overall, the results strongly support
our model prediction that ask liquidity premia increase more strongly for shorter durations,

and flatten out for longer durations.

For bid liquidity premia, we obtain negative and significant estimates for the slope at
the short end for 10 out of 12 specifications. Consistent with the shape of the predicted bid
curve in Figure 5, 11 out of 12 estimates for the slope at the long end are positive but only
one of them is significant. This implies a relatively flat term structure at the long end. When
we again test formally for differences between the long and the short end, the differences are
positive in 11 and significant in 10 out of 12 cases. Overall, bid liquidity premia exhibit an
inverse shape with a strongly negative slope for short durations which flatten out for longer

durations.

For Illiqﬁ}/ bid, the impact of the control variables is also as expected. Age has a positive
impact on liquidity premia, the numerical rating has a positive impact whenever significant,

and outstanding volume has a negative impact whenever significant.

Overall, the results of the regression analysis confirm our model predictions. Ask liquidity
premia are monotonically increasing with a decreasing slope, while bid liquidity premia are

decreasing for short maturities and flatten out at the long end.

5.4 Turnover Analysis

To formally explore the hypotheses regarding secondary-market trading volume, we consider
two subsamples. First, we use all transactions available in TRACE, standardized with the
outstanding amount of the bond under consideration. Second, we exclude bonds immediately

around changes in their outstanding volume (through new issues, reopenings, and bond
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repurchases) since we do not consider these events in our model. When bonds are newly
issued, they are often first held by dealers, who distribute them to clients and other dealers.
Hence, the time interval around new issues of bonds might consist of multiple inter-dealer
trades. We therefore exclude transactions two months prior to a new issue and six months
following the issue, and denote this sample by Excl[-2,46].}? Since newly issued bonds are

excluded, this sample should also be less affected by the on-the-run/off-the-run effect.

We now apply our piecewise regression approach with age as an additional explanatory
variable according to Equation (8). The control variables we use are again the outstanding
amount and credit risk. Since turnover cannot be calculated on a trade-by-trade basis,
we aggregate traded volume for each bond and calendar month and compute average daily
turnover to account for a different number of business days per month. As for liquidity
premia, we winsorize turnover at the 1% and 99% quantile. The regression results are

displayed in Table III.

Insert Table IIT about here.

Table III confirms our model predictions regarding the hump-shaped turnover. For both
subsamples, trading volume first increases strongly: the factor loadings for the slope at the
short end, (3, are positive and significant whenever we consider breakpoints below two years
(in eight out of twelve cases). Following the breakpoint, trading volume decreases slowly,
and the effect is significant in nine out of twelve cases. The negative loading for age in
all specifications is consistent with our prediction of a lower trading volume for older but
otherwise equal bonds compared to younger ones. The results for the outstanding amount
are also as expected: bonds with a higher outstanding volume are more liquid, and thus

display a higher trading volume.!3

12We exclude the time two months before changes in the amount outstanding mainly because of trades
taking place in connection with bond repurchases that are typically announced about one month in advance.
13To rule out that our results are driven by issuing policies that depend on credit risk (e.g., lower-rated
firms issue shorter term debt), we repeat the regressions in Table IIT separately for bonds of different rating
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5.5 Spill-Over Analysis

Finally, we formally test the hypotheses regarding spill-overs between the short and the long
end of the liquidity term structure. To compute an aggregate time series of liquidity premia
at the long and the short end of the term structure, we proceed as follows. First, we fix
a breakpoint y between three months and three years. Second, we winsorize trade-specific
liquidity premia Illiqflf;/ P4(T) at the 1% and 99% quantile in each observation month ¢, and
then take averages to compute the short-term liquidity premium in month ¢ for bonds with
duration 7' < y. We proceed in the same way to compute the long-term liquidity premium.'
Following Goyenko, Subrahmanyam, and Ukhov (2011), we de-trend both time series by

removing a time trend and the square of the time trend. We then run the regression in

Equation (9) and display the regression results in Table IV.?
Insert Table IV about here.

Table IV shows that the data confirm our predictions regarding the unilateral liquidity
spill-over from short-term to long-term bonds. In Panel A, the long-term liquidity premium
is the dependent variable, and the lagged short-term and long-term liquidity premia are
the explanatory variables. There, we find that 8 out of 12 coefficient estimates of the first
lag Bi/sl}’mrt are individually significant. For the second lag, one additional parameter is
significantly positive. Moreover, we can reject the joint hypothesis that both coefficient

estimates Bf/slfwrt and [, élflort are equal to 0 in 9 out of 12 cases, and that they sum up to 0 in

classes. The results confirm our predictions for every single rating class (AAA, AA, A, BBB) and are
available upon request. Interestingly, we find evidence that the hump shifts towards longer maturities for
lower rating classes. This finding is consistent with another implication of our model: the critical maturity
7, below which it is not optimal to sell a bond, is higher when bid-ask spreads are larger (see Equation (10)).
Empirically, lower rated bonds have higher bid-ask spreads.

14To ensure that the duration reflected by short-term and long-term liquidity premia is stable, we first
calculate a trade-size weighted average for bonds within the same monthly duration bracket. We then
calculate the (unweighted) average across all duration brackets that belong to the short- and long-term
segment, respectively.

15We do not use our second liquidity premium Illiq?jlg‘/ bid as this would imply estimating Equation (4)
for each month ¢ separately. Due to the large number of dummy variables, the number of observations is
insufficient to generate meaningful estimates.

25



10 out of 12 cases. In Panel B, the dependent variable is the short-term liquidity premium,

and the explanatory variables are the lagged short-term and long-term liquidity premia. We

a/b

 long 18 significantly different from 0, and that we can neither

find that no single estimate of /3
reject the joint hypotheses that both coefficients ,Bf/lsng and ﬁg{sng are equal to 0, nor that
their sum is equal to 0. Taken together, these findings are clear evidence for a spill-over of

liquidity shocks from the short end to the long end of the term structure, but not in the

reverse direction.

6 Robustness

In the previous section, we compute ask and bid liquidity premia under two important
assumptions. First, we use Treasury rates as the risk-free curve. Second, we use CDS
premia and ratings as a proxy for the credit risk premium. In this section, we show that
these assumptions do not affect our results by repeating our analysis for different subsamples.
In Section 6.1, we repeat the regression analysis using swap rates instead of Treasury yields
as a proxy for the risk-free interest rates. In Section 6.2, we restrict liquidity premia to AAA
bonds where the impact of credit risk on yield spreads is minimized and we do not correct

for credit risk.6

6.1 Swap Rates as Risk-Free Interest Rates

As mentioned in Section 4, instead of using Treasury rates, we also interpolate swap rates to
obtain an alternative risk-free yield curve. Table V shows the results when we re-estimate

Equation (7) using Swap rates as the risk-free reference curve to calculate liquidity premia.

Insert Table V about here.

1611 additional robustness checks, we restrict our dataset to transactions with a volume of $100,000 or
more, or only consider the time before the onset of the subprime crisis. All results confirm our hypotheses
and are available upon request.
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Table V shows that our estimation results are mostly unaffected by the use of swap rates
as risk-free rates. For ask liquidity premia, the estimates for the slope at both the short and
the long end are positive in all and significant in 7 out of 12 cases. The estimates for the
long end consistently are below those for the long end, and the difference is significant in 5
out of 12 cases. For bid liquidity premia, the slope at the short end is always negative and
significant in 10 out of 12 cases. The slope at the long end is now positive and significant
in all cases, but, compared to the short end, quantitatively small. The difference between

long- and short-term premia is always positive and significant in 11 out of 12 cases.

In Table VI, we present the results for the spill-over analysis using Swap rates as the

risk-free reference curve.
Insert Table VI about here.

Table VI confirms the results from Section 5.5: 13 out of 24 estimates for 3} iﬁort are positive
and significant, and we can reject the joint hypothesis that both coefficient estimates 3} gmt
and ﬁg,/slfwrt are equal to 0 in 7 out of 12 cases, and that they sum up to 0 in 8 out of 12 cases.
In contrast, no individual coefficient estimate for the spill-over from the long to the short
end of the liquidity term structure is significant. Even though we can now reject the joint
hypotheses that both coefficients Ba/ b and Ba/ b are equal to 0 in some specifications, the

1,long 2,long

corresponding estimates are negative, which does not indicate a spill-over.

Our main conclusions remain unaffected: ask liquidity premia increase more strongly for
shorter maturities, bid liquidity premia exhibit an inverse shape at the short end and are
flat or increase slightly for longer maturities, and liquidity shocks spill over from the short

end to the long end of the term structure only.
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6.2 Analysis of AAA Bonds

In our second robustness check, we analyze whether our results are sensitive to how we adjust
the observed yield spreads for credit risk. To do so, we concentrate on those bonds which are
least likely to be affected by credit risk: AAA rated bonds. We therefore drop all transactions
where the traded bond does not exhibit a AAA rating by at least two rating agencies on the
transaction date. We also drop all transactions which occurred after March 31, 2007 since
a AAA rating might not be indicative of negligible credit risk during the financial crisis.
General Electric bonds, e.g., exhibited increasing yields long before the downgrade from
AAA to AA+ by Standard&Poor’s on March 12, 2009. For the calculation of Illiqfﬁg/ bid
we interpret the difference between the bond’s yield minus a theoretical yield calculated by

discounting the bond’s cash flows with the Treasury curve as a pure liquidity premium. Since

ask/bid

all bonds exhibit a AAA rating, we exclude rating as an explanatory variable. For Illiqye;" ™,

we exclude CDS quotes and ratings in the first-step regression in Equation (4).}” We explore

the relation between liquidity premia and maturity for AAA rated bonds in Table VII.!®

Insert Table VII about here.

Table VII shows that our results are, if anything, stronger for the AAA sample than
for the entire sample. For ask liquidity premia, the estimates for g{ are always positive and
significant in 11 out of 12 cases. The slope at the long end is always positive and significantly
flatter than at the short end in all specifications. Bid liquidity premia exhibit always negative
(always positive) estimates for the slope at the short (long) end which are significant in 10
(12) out of 12 cases. As for ask liquidity premia, the difference between the long and the

short end is always significant.

1"In an alternative robustness check, we use agency bonds instead of AAA rated bonds. The results are
virtually the same.

18We do not repeat the spill-over analysis due to the low number of observations in each month and the
short length of the time series of only 30 months.
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7 Summary and Conclusion

In this paper, we develop a parsimonious equilibrium model that generates a hump-shaped
term structure of trading volume, different shapes for the term structure of liquidity premia,
depending on whether we consider bid or ask prices, and a spill-over of liquidity shocks from
short-term to long-term bonds. Investors sell bonds of intermediate and long maturities be-
cause they experience a preference shock. Liquidity is supplied by exogenous market makers
who charge a positive spread. We then analyze liquidity premia of corporate bonds with a
wide range of maturities, and show that the observed trading behavior and liquidity premia
from ask and bid yields are consistent with our model predictions. The main conclusion from
our analysis is that the different term structures and liquidity spill-overs can arise because
of two frictions which are prevalent in bond markets. First, traders who provide liquidity
charge a non-zero spread for bonds of all maturities. Second, investors differ with respect
to their probability of experiencing a liquidity shock. Such a difference is obvious if, for
example, we consider insurance companies who are unlikely to experience frequent liquidity

shocks, and bond market funds which frequently experience cash outflows.

Our model also yields two central implications for market microstructure and financial
stability. First, our model allows us to quantify the well-established price impact of any given
bid-ask spread term structure for assets of different maturities. This is important because of
two effects. First, artificially increasing transaction costs, especially at the short end such as
through a fixed financial transaction tax, lead to uniformly higher required yields, and thus
lower prices, for all bonds. This effect generates liquidity spill-overs from short-term to long-
term bonds through optimal investor behavior. Conversely, a decrease of transaction costs,
e.g., via a subsidized dealer system, uniformly decreases yields and increases prices. Second,
an increase (decrease) of transaction costs shifts the maturity limit below which investors do
not sell bonds in spite of a preference shock to higher (lower) values. Therefore, our model

predicts that higher bid-ask spreads can dry out the market for short-term securities.
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The second important implication of our results concerns the interplay of liquidity and
credit risk. As He and Xiong (2012) show, liquidity premia for corporate bonds can have
a strong impact on the issuer’s optimal default boundary. Hence, higher bid-ask spreads,
which lead to higher liquidity premia, increase individual and aggregate credit risk. To
the best of our knowledge, we are the first to show that a higher probability of a liquidity
shock for investors with high trading needs (who hold only short-term securities) also affects
liquidity premia for long-term securities. Hence, firms that issue long-term bonds might be
affected by shocks to institutional investors who hold short-term debt to a similar extent
as firms with short-term debt. This mechanism implies that liquidity risk management of
investors with short investment horizons (e.g., liquidity buffers for banks under Basel I1I, or
for mutual funds under the Investment Company Act) might increase financial stability for

the entire economy.
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Appendix - Formal Derivation of the Equilibrium

We first discuss the model setting and the investor’s individual optimization problem in Ap-
pendix A. Our model can be viewed as a continuous modification of a linear exchange model
(see Gale, 1960) for which unique solutions exist. The equilibrium mechanism is similar to
the ones in Amihud and Mendelson (1986) and Beber, Driessen, and Tuijp (2012). For a
given model parameter set (A\r, Ay, Wi, Wy, a, b, Thax) and bid-ask spread function s(7),
equilibrium prices P(T'), which we calculate in Appendix B, depend on critical maturities 7
(below which it is not optimal to sell bonds after a preference shock) and Ty, (below which
it is optimal for low-risk investors not to invest, and above which it is optimal for high-risk
investors not to invest). Reversely, critical maturities depend on equilibrium prices. We
use a market clearing argument in Appendix C to calculate Tj;, and iterate until conver-
gence over the calculation of equilibrium prices P(T'), 7 (see Appendix A), and Tj;,,. We
finally demonstrate in Appendix D that the assumptions used in formulating the investor’s

optimization problem hold, and prove Propositions 2 and 3 in Appendix E.

Appendix A — Model Setting and Optimization Problem

We consider a continuum of illiquid zero-coupon bonds with maturity between 0 and T},.x.
Each bond is characterized by its initial maturity at issuance Ti,; < Thax, and bonds of each
initial maturity are issued with rate a. In steady state, for each T, there are a - Ti,; bonds
outstanding, and equally distributed with respect to their remaining time to maturity 7" in

(0, Tinit]. Hence, total outstanding volume of all bonds is fOTmaX a - Tt dTnie = £ - a - (Thax)?.

2

Investors experience a single preference shock with Poisson rate \;, i € {H, L}, depend-

ing on their type i. Conditional on a liquidity shock at time 7T}, total utility from con-

sumption for an (infinitesimally small) investor of group i is given by U; (¢) = ?e_”ct dt +
0

eiT'TF(Mb)'(t*Ti)ct dt. The maturity for which an investor experiencing a preference shock

She—yg
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is indifferent between selling a bond and holding it until maturity, 7, satisfies

P(r)-(1=s(r)) = e 07 (10)

and is identical for both investor types.

Investors are risk-neutral implying an additive structure of the expected utility function.
Therefore, they want to invest either nothing or the maximum amount possible in a particular
maturity (see, e.g., Feldhiitter, 2012). An investor who initially invests in a bond of some
maturity 7" thus re-invests in a bond with this maturity if her old bond matures. The
investor’s decision to invest in a particular maturity hence neither depends on her wealth
nor on her holdings in other maturities. In summary, each investor chooses an initially
optimal allocation strategy when she first enters the market and has no incentive to change

her portfolio prior to a preference shock.

We make two assumptions in deriving the investor’s optimization problem. First, we
assume that in the case of a preference shock, it is optimal to either sell the bond immediately
or hold it until maturity. Second, we assume that it is never optimal to sell bonds when no
preference shock has occurred. In Appendix D, we derive general conditions under which

these assumptions hold.

Since we consider a steady-state equilibrium, investors who have experienced a preference
shock are replaced by new investors such that aggregate wealth W; from each investor group
1 remains constant. To ensure this, the wealth of any investor group cannot grow at a higher
rate than that at which members of the respective investor group leave the market. In
equilibrium, r 4+ b is an absolute upper bound for the growth rate of wealth such that we

assume r +b < \p < A\g.'?

19 As investors are infinitesimally small, the distribution of the investors’ age remains constant over time
in steady state. An investor’s age determines her individual wealth gains because it determines how long
she was able to collect liquidity premia and risk-free returns. Hence, as all newly-arriving investors have an
identical capital endowment, the constant distribution of investors’ age directly leads to constant aggregate
wealth.
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As neither aggregate wealth nor bond supply change over time, prices of bonds for a given
maturity are constant over time. We therefore only consider the decision problem at time
t = 0, where each type-i investor maximizes her expected utility E[U;(c)] from consumption
by choosing the amount of money X; invested into the money market account (X; (0)) and
into bonds with maturity 7" between 0 and Ti,ax (X;(77)). Short sales are not allowed,
so X;(T) > 0, VT € [0,Tax]. Hence, a type-i investor solves the following optimization

problem:

max E {/0 X > P(lT)j (U =s(T-j=T)- P(T-j=T)- e

i

Jj=1

']1{T-(jf1)<T¢<T~j7min(T,T)} dr

o)

T,
max ]_ 7TT7,*(7‘+b)(T *Tz)
- /0 X(T)- 2 By © T LG <tisrgy 4T

Jj=1

+Xi(0)}. (11)

The first summand in Expression (11) denotes utility of consumption from bonds which the
investor sells to the dealer at the bid price (1—s(T-j—1T;))- P(T-j—T,) immediately after a
preference shock. The amount invested in bonds X;(7T') - ﬁ grows for as many investment
rounds j as the investor (re-)invests in the bond until the preference shock and thereby in
each round collects the price difference between the notional value of the bond and the price
of the bond P(T"). The second summand gives the utility of consumption from bonds which

the investor holds after the preference shock until their maturity date. The third summand

measures the utility from cash invested in the money market account.

Trnax
The investor’s budget constraint is W; = [ X;(T)dT + X;(0). Simplifying Expres-
0
sion (11), taking expectations, and replacing X; (0) via the budget constraint yields the
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following optimization problem:

e (T A - et T » N —
max {/0 i(T) P(T) - erT - eNT 1 /min(ﬂT) ()" (1 —s(z))-e x
Tmax N - (]_ _ 6()\«;—b)-min(T,T))
Xi(T)- ; T
B A (Y (R s S ows
,I‘tnax
+W,; — X;(T) dT} : (12)
0

Taking partial derivatives with respect to each X;(7T") yields the marginal utility of holding

bonds with maturity 7" for a type-i investor:

OE[U;(c)] A eNT /T
8Xz (T) B P(T) cerT . ehiT — min(7,7T)
)\z’ . (1 - e(Ai—b)-min(T,T))

i (1—P(T)-erT-eNT) (N, —b) 1= Ai(T). (13)

P(z)-e™® - (1—s(x)) e T2 dy

The fact that marginal utility does not depend on X; simplifies the equilibrium: As investors
are indifferent between all bonds they invest in, the marginal utility of these bonds must
be equal. As marginal utility does not depend on X;, it is sufficient to consider whether an
investor buys a bond at all. Given that the investor buys the bond, she is indifferent on how

she distributes her wealth across all bonds she invests in.

Equation (13) also shows that the time preference rate r which applies prior to the
liquidity shock does not affect the investor’s optimization problem. To see why, we rewrite
bond prices as P(T) = e~ "T.Q(T). Here, Q(T) is the discount of an illiquid bond compared
to the price of a perfectly liquid bond e™"T. Substituting Q(7) = e - P(T') into Equations
(10) and (13) would lead to an identical optimization problem independent of r. To simplify

notation, we therefore set » = 0 in the following analysis.
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Appendix B — Equilibrium Prices and Clientele Effect

Marginal utility for holding bonds is larger for low-risk investors than for high-risk investors.
Marginal utility of the money market account is equal for both. Hence, the allocation that
high-risk investors buy bonds and at the same time, low-risk investors invest in the money
market account cannot be an equilibrium. We therefore focus on the most general remaining
allocation: both high- and low-risk investors hold bonds, and high-risk investors additionally

invest in the money market account.

Below, we show that given the calculated equilibrium prices, there exists a limiting ma-
turity Tjin, such that low-risk investors buy only bonds with maturity between Ty, and Ty,
and high-risk investors buy only bonds with maturity between 0 and T}y, (clientele effect).

The equilibrium conditions are then given by

Ap(T) =0 for all 7" € (0, T, (14)

AL(T) = AL(ﬂim) fOI' all T - (ﬂim, Tmax], (15)

where A;(T) is defined as in Equation (13). High-risk investors are indifferent between
holding bonds with a maturity up until 7}, and the money market account, low-risk investors

are indifferent between buying bonds with maturities between Tj;,, and T ..

Calculation of Equilibrium Prices

For given limiting maturities 7 and Tj;,, the conditions in Equations (14) and (15) lead
to closed-form solutions for P(7T"). We must consider five different ranges for maturity 7"

T <min(r, Tiim), 7 <T < T, T < Diras < T, Tiin < T < 7, and T, <7 < T.

(i) For T' < min(7, Tjim), the integral term of Equation (13) is zero. Using the first order
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condition (14), we get

Aip - (1 — eQr=0T)

Ap(T) = —1=0. 16

H( ) (1—P(T)€)\HT)()\H—[)) ( )
Solving Condition (16) for P(7") directly yields
oAgT _ N, . —bT

Hﬂ:be A - for T < min(7, Tim). (17)

b— Ay

(ii) For 7 < T' < T, again using Equation (13), the first order condition (14) evaluates

to

PV et T T —Ag-(T—z)
AH(T>: P(T)~e>‘H'T—1 ) T P(x)(l—s(a:‘))e dx
Ay - (1 = eQPm=b)T
+ 0 G )i (18)
(1= P(T)-ertT) - (Ag —b)
The solution of this integral equation is given as
P(T) = e J2 2@ . p(r) for 7 < T < Ty, (19)

which can be verified by plugging in (19) into (18). It is instructive to note that (19)
corresponds to the market value of a defaultable bond with a default intensity Ay and a
“recovery-rate” of (1 —s(T")) when using the “recovery of market value assumption” in Duffie

and Singleton (1999).

(iii) For 7 < Ty < T, we insert Equation (13) into the first order condition for the

low-risk investors (15) and get

Ac(l) = P(;\)L'.eiLL';F —1 /T Px)- (1= s(x))-e T dy

A - (1 —ePe=0m)
(1= P(T)-ereT) - (AL —b)

+ — 1= AL(Tim). (20)
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By plugging in

(AL (M) +s(@)-Ap dzx

T
P(T)=¢e Iy AL T - P(Thim)  for 7 < Ty < T, (21)

we show that (21) solves the integral equation (20).

(iv) For Ty < T < 7, we can ignore the first term of Equation (13) and then again

employ the first order condition for the low-risk investors (15) to get

AL . (1 — e(/\L_b)'T)

Aull) = (A= P(T)- Ty - (Ap —b) L= A (Tim). (22)
Rearranging terms directly yields
A+ (1— 0D
P(T)=e T [ 1- for Ty < T < 7. 23
o ( (T4 AT - Oz~ B = )

(v) For Ty, <7 < T, as in (iii), we obtain (20). Since Ty, < 7 < T, we get the solution

—fT (A (M) +s(=))-Ap, da

P(T)=¢ /7 FALMim) -P(r)  for Tym <7 <T, (24)

which we again verify by plugging it into (20), but now use Ay (T}, ) from (22).

This verifies the first part of Proposition 1.

Clientele Effect

We prove that for the derived equilibrium prices and constant or monotonically increasing
bid-ask spreads s(7") with 0 < s(T") < 1, there is a maturity Tj;, such that high-risk investors

have no incentive to invest in bonds with longer maturity:

Ap(T) <0  forall T € (Tim, Tmax, (25)

37



and low-risk investors have no incentive to invest in bonds with shorter maturity:

AL<T) < AL(ﬂim) for all T € (O,ﬂim), (26)

nor in the money market account, since they hold only bonds, i.e., Ay (T) > 0 for at least

one T € (0, Tinax].

Low-risk investors have higher marginal utility for all bonds than high-risk investors, who
have a marginal utility of 0 for bonds with maturity Tj;,, therefore Ay (Thin) > Ag(Thim) = 0.

Hence, the last condition Ay (7)) > 0 trivially holds for T' = Tyy,.

Proof of Equation (26): We verify that Ay (T) is strictly monotonically increasing in
T for T' < Ty and arbitrary Ty, i.e., A} (T) > 0: For the case T'< 7, Ay (T) is given as

Al == Py Oy - (27)

By employing Equation (17) for P(T), using 0 < b < A < Ay (see Appendix A), and
substituting b = A\ — ¢l and Ay = Ay + ¢2 with cl,¢2 > 0 and ¢l < Ay, the condition

A (T) > 0 simplifies to

6(cl+02)~T . C]_ + C2 > 601'T . (cl —|— 02) (28>

(28) holds for all 7" > 0 since for T' = 0, both sides are equal (c1+¢2), and the first derivative

with respect to T' of the left-hand side of (28) is larger than that of the right-hand side, i.e.,

(cl+¢2)-cl-e DT > (1 4+¢2) -l - e, (29)

which is always true since cl, c2 > 0.

For the second case with T" > 7, rearranging terms and again using 0 < b < A\p < Apy,
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the condition A’ (T") > 0 simplifies to

1) (- )
(AL —D)

(L—=s(T))- (e"™ - P(T)—1) —

g —(T—a)A T\ ra, P'(T)
+ e Lo(l—=s(z)) - Plx)de |- e M - Ap+e M ——= > 0. (30)
. P(T)
We prove that (30) holds in two steps: In step (a), we show that (30) holds for 7" | 7, i.e., we
look at the right-side limit of (30). In step (b), we show that the first derivative with respect
to T of the left-hand side of (30) is positive. For (a), rearranging Equation (10) yields?

b . (e(bf)‘H)'T — 1)
) = Ty,

(31)

Using again our substitutions b = A\p — ¢l and Ay = A + ¢2 with ¢1,¢2 > 0 and cl < Ap,

plugging in (31) as well as (19) for P(T), we can simplify (30) to
e?7.cl+e T2~ (cl+¢2) > 0. (32)

Again, it is easy to show that (32) holds for all 7 > 0 by verifying that its left-hand side
equals 0 for 7 — 0 and its first derivative with respect to 7 is larger than 0.

For (b), we rearrange (30) by employing (19) for P(T") and substituting ¢(7') =T - Af, —
fTT A - s(z)dz and ¢/ (T) = Ay — Ay - s(T') to finally get

(e - P(1) — 1) - (A — Ar) N AMTP(r) =1 b7
¥ SV

- /T ™) P(7) - (Aar = M)
. AH

dzx) -g(T) >0 (33)

and it remains to show that the first derivative with respect to T' of the left-hand side of

2ONote that for T > 7, we implicitly assume that 7 exists. If 7 does not exist because bid-ask spreads are
too large, the already-discussed case for T' < 7 applies for all T'.
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(33) is positive:

(e/\L'T -P(r)—1  eMe=bt7 g B /T 9@ . P(1) - (Ag — Ap)

dz ) - ¢ (T 0. 34
e L o)1)=, 3

As ¢"(T) = —Ap-s'(T) < 0 for monotonically increasing s(7') and — fT e P(1)-Au=AL) o

T Al

0 (since all factors in the numerator of the integrand are positive), a sufficient condition for

(34) to hold is that

M P(r) — 1 N ePr=bm 1
A\u b— AL

< 0. (35)

Using once more our substitutions b = Ay, —cl and Ay = A\ +¢2 with ¢1,¢2 > 0 and ¢l < A\,

and utilizing (17) for P(7), (35) simplifies to

cl-(Ap—cl)+ e (cl? —el-Ap+ (€7 —1) - e2- (24 Ap)) > 0. (36)

As before, it is easy to show that (36) holds for all 7 > 0 by verifying that its left-hand side

equals 0 for 7 — 0 and its first derivative with respect to 7 is larger than 0. U

Proof of Equation (25): Inequality (25) directly follows from A’ (T") > 0 for T' < Tjip,.
To see this, assume that for some parameter set (Ag, Az, a, b, Tmax) and given bid-ask
spread function s(7"), the wealth of high-risk investors is sufficient to buy all bonds and the

wealth of low-risk investors goes to zero (W} — 0), so that T}f, — Tmax. Suppose now,

lim
that for the same parametrization (Ay, Ap, a, b, Tyax) and bid-ask spread function s(7"),
the wealth of low-risk investors WEL >> 0, so that Tl?;n << Thax. Then it follows with the

low-risk investors’ first order condition (15) that

AL(T) = AL(Ty,)  forall T € (T, Tasd, (37)

where we use (+) to indicate for which case of W*/W* A (T') applies. Moreover, it follows
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that

AL (Thi) = AL (Ti) (38)

as P(T ) is not affected by the choice of Ty, > T (dependent on 7, but independent
of Tim, either Equation (17) or (19) applies for P(T)). From the fact that A’ (T) > 0 for

T < Tijm, we directly get

AL (Ti) < ALT) - for all T € (T, Ty, = Tina. (39)
Putting together (37)-(39), we get
AT(T) < A3(T)  forall T € (T} Thnax)- (40)
From the last Inequality (40), it directly follows that
PHT) > PY(T) forall T € (T, , Tiax] (41)

since lower prices P(T') directly result in higher marginal utilities due to higher wealth gains.

Turning this argument around, we get
AL(T) < A5(T)  for all T € (T4, Thnax)- (42)

Employing the high-risk investors’ first order condition (14)

AL(T) =0 forall T € (0,7}, = Tiaxl, (43)
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it directly follows from (42) that

AL(T) <0 forall T € (Tjf T, (44)

lim>»

which equals Inequality (25) for Tii, = T

lim*

This verifies the second part of Proposition 1.

Appendix C — Market Clearing

In this section, we verify that markets clear for given equilibrium prices. In doing so, we
perform the final step of our iterative approach: we compute a new value of T}, for given

equilibrium prices.

As outlined in Appendix B, we focus on the allocation where both high- and low-risk
investors hold bonds, and high-risk investors additionally invest in the money market ac-
count. In this allocation, markets clear if aggregate wealth of both investor types exceeds
total bond supply (left inequality), but on the other hand, total wealth of low-risk investors

alone does not suffice to buy all bonds (right inequality):

Tiax Tmax
Wy + Wy, > / P(T) - / adTie dT > W (45)
0 T

The right inequality of (45) is automatically satisfied if the condition we derive below to
determine Ty, yields a Tiiy, € (0, Thnax). By inserting the closed form solutions for P(7") from

Proposition 1 for a given parameter set, it is easy to verify the left inequality of (45).%!

21Tf Jow-risk investors’ wealth alone is sufficient to buy all bonds, prices are as in Proposition 1 with

Tiim = 0. Markets then clear if W > TTXP(T) . T?axadﬂnit dT. However, this case is less interesting as

high-risk investors do not play a role. \%7e do not gonsider the degenerate allocation where Wy + Wy, is

equal to TTXP(T ) - Trjaxadﬂnit dT. In this case, bond prices would primarily reflect the economy’s wealth
0

T
constraint and strongly depend on total wealth, which is hard to quantify empirically.
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To compute a Ty, consistent with equilibrium prices, we exploit the market clearing
condition for bonds with maturities Ti,it € (Tiim, Tmax] that are held by low-risk investors,

i.e., we solve

,I‘Inax Tmax
W, — / P(T)- / 0+ Vi (T, T, Thw) dTine AT (46)
0 T

for Thi. Here, Y.(T', Tinit, Tiim) denotes the fraction of bonds with remaining maturity 7" and

initial maturity T}, for a given Ty, held by low-risk investors, i.e.,

07 1f T7 ,—Tinit S ,—Tlim
YL (T, Tnit, Tim) = § e Tm=D) - if 7 < Ty and Thie > Tim (47)
17 it T > ﬂim.

For bonds with initial maturity Ti,; > Tlin and current maturity 77 < Ty, a fraction
of e~ Tim=T) is held by old low-risk investors. Bonds with initial and current maturity
smaller than T3, are not held by low-risk investors, bonds with current and initial maturity
larger than Tj;, are only held by low-risk investors. To illustrate this, consider the extreme
case of Wy — 0. For Equation (46) to hold, Y7(T, T, Tiim) has to be 0 for all T" and Tiy.

Hence, Tiim — Thax-

Appendix D — Verification of Assumptions On Investor Behavior

In this section we check the assumptions from Appendix A: First, for T" > 7, it is always
optimal to immediately sell the bond if an investor experiences a preference shock. Second, no
investor has an incentive to sell bonds prematurely without having experienced a preference

shock.

Bonds are sold immediately after a preference shock occurs if 7' > 7: We define

the utility of an investor she receives from selling a T-year bond d time periods after she
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experienced a preference shock:

Fld)=(1—s(T —d) P(T—d)-et. (48)

Bonds are always sold immediately, iff f'(d) < 0. For 7 < T < Ty, by plugging in prices

P(T) from (19), it can be shown that this condition holds iff

S(T—d) < (1—s(T—d))-(b—Ag-s(T —d)), (49)

i.e., if bid-ask spreads do not grow with maturity “too strongly”. For constant bid-ask spreads
s(T) = s, (49) always holds since s'(T') =0, s < 1, and b — Ay - s > 0. The latter condition
holds as inserting b — Ay - s < 0 into Equation (10) leads to a contradiction (i.e., 7 would not
exist). Condition (49) also ensures that Equation (10) cannot have more than one solution

for 7.

For the other two relevant cases Ty, < 7 < T and 7 < Tji, < 7', f'(d) < 0 also holds
when (49) applies. This follows directly from the clientele effect since P(T") decreases more
slowly for increasing 7" when T' > Tj;,,, than when 7" < Tj;,,, (low-risk investors demand lower
compensation for holding longer term bonds compared to high-risk investors). Thus, the
incentive to wait in the case of a preference shock is reduced, compared to T" < Ty, (since

gains from increasing prices when the maturity decreases are smaller).

It is never optimal to sell bonds without preference shock: High-risk investors
are indifferent between all bonds with maturities between 0 and Ty,,. Hence, selling one
bond with 7" € (0, Tyin], paying the bid-ask spread s(7"), and buying another bond with
Thew € (0, Thim) cannot be optimal. Using the same argument, low-risk investors can never
have an incentive to sell bonds with maturity 7" > Tj,. For them, selling bonds with
T < T, without a preference shock can only be optimal if the marginal utility through

the early reinvestment in a bond with maturity Thew € (Tlim, Tmax] plus the proceeds from
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selling the bond with maturity 7' € (0, T};,) is higher than the marginal utility from the
later reinvestment (at maturity of the respective bond) plus the proceeds from the maturing
bond if no preference shock occurs, or the proceeds from the optimal decision given that a

preference shock occurs:

(Ap(Tim) + 1) - P(T) - (1 = s(T)) > Pr(Ty, > T) - (Ap(Tim) + 1)

T—min(T,7)
+ Ap - e MY (1 =s(T —y)-P(T—y)d
/ . (1= (T~ ) P(T y)dy
density function of the preference shock time
T
n / A e ML e b T gy (50)
T—min(T,7)

Note that in deriving (50), we exploit the fact that marginal utility does not depend on
the invested amount (see Equation(13)), i.e., the optimal investment of an amount z for a
low-risk investor leads to an expected utility of (1+Ap(Tjim)) - 2. Rearranging Equation (50)
shows that low-risk investors have no incentive to sell bonds without having experienced a

preference shock iff

6*T')\L (_1 + e(ber)\L)-min(T,T)) X /\L

. . _T>\L
(1+ Ap(Tim)) - e ™ + S

+ /T eCTHDA N P(2) - (1= s(2)) do — (14 Ap(Tiw)) - P(T) - (1 = s(T)) > 0.

min(T,7)

(51)

Condition (51) holds for 7" < 7 since for 7" < 7, a sell is not optimal even in the case of
a preference shock. As b is an upper bound for the ask liquidity premium of an arbitrary
maturity (and thus the maximum return a selling investor could gain from her new bonds),
the incentive to sell is lower when no preference shock occurs. For constant bid-ask spreads

s(T) = s, it can also never be optimal to sell prematurely for 7 < T < T}, as the relative

PI(T)
P(T)

wealth gain — is higher than for T > Tj;,. Since we have already shown that it is

never optimal to sell prematurely for 7' < 7 and T > Tj;,, it can also not be optimal to sell
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during the time of highest wealth gains. In the most general case with increasing bid-ask
spreads s(T') and for T" € (7, Tim), (51) has to be verified by plugging in prices P(7T') from

Proposition 1.

Appendix E — Proof of Propositions 2 and 3
Proposition 2

The fact that seller-initiated turnover is 0 for 7" < 7 with 7 > 0 follows directly from
Equation (10) as P(7) - (1 — s(7)) < 1. The fact that secondary-market turnover is larger

for T' < Tiiy, than for T' > Ti;y, if 7 < Tiin is a direct consequence of the clientele effect.

Since dealers in aggregate do not hold any inventory, secondary-market trading volume
can be calculated as twice the trading volume initiated by customers who sell their bond
position prematurely. To calculate turnover, we divide by the total outstanding volume of

all bonds with the respective maturity:

Trnax
2 grory - [ - 2ims Yo (T, Thnie, Tim) - As T
Turnover(7) = L - , (52)
f adT‘init
T

where in the numerator and the denominator, we integrate over all bonds with initial ma-
turity Ti, and remaining maturity 7" that are held by both investor types. Y;(T, Tinit, Tiim)
denotes the fraction of bonds with remaining maturity 7" and initial maturity 7i,; held
in the portfolios of type-i investors (where Ys(7T', Tinit, Tim) = 1 — Yo(T, Tinit, Thim) and
Y1.(T, Tinit, Thim) is formally defined in Equation (47) in Appendix C). This fraction is multi-
plied with the rate at which preference shocks arrive. The denominator gives the total volume
of all bonds with remaining maturity 7" and initial maturity 7Ti,;; between T and T},... The
entire fraction is multiplied by 1;7--, since investors who experience a preference shock

only sell bonds with maturity 7" > 7.
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As elaborated in the main text, the second part of Proposition 2 also directly follows

from the clientele effect. O

Proposition 3

Illiank(T ) is monotonically increasing in 7: To formalize this requirement, we calculate
the first derivative with respect to 7' of Illig™*(T') and show that it is greater than or equal

to zero, i.e.,

, log(P(T)  P'(T)
= 2" (53)

(Iiq™" (7))

(i) For T" < min(r7, T}y ), plugging in prices P(T') from Equation (17) into (53) and

multiplying with 7% leads to the condition

b-T +

h-etT . T . (b= )\ h.eTxu _ o=bT . )
‘ ( 1) +log< c ‘ H)ZO. (54)

—b-eb'T+eT‘)‘H '/\H b—)\H

(54) trivially holds for 7" = 0. Moreover, for the first derivative with respect to 7" of the

left-hand side of (54) it holds

b.el-0+Au) .. (b—Ag)? - A

>0 (55)
(b-ebT — T . )\H)2
such that (54) is true for all T'.
(ii) For T" with 7 < T' < Tjim, multiplying (53) by 7" and exploiting the relation % =
—s(T) - Ay from (19) as well as —w = Mig™*(T) yields
g™ (T) < s(T) - A (56)

s - Ag is the liquidity premium for the extreme case that bid-ask spreads s remain constant
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and investors are forced to sell immediately after a preference shock (see Equation (19)). In
the general case, however, investors have the option to wait until maturity and for s'(7") > 0
bid-ask spreads even decrease over the bond’s lifetime. Hence, s(7T") - Ay is an upper bound

for Tliq™ (7).

(iii) For T with 7 < Ty, < T, multiplying again (53) by 7" and exploiting the relation
P(T) _  (ApL(Tiim)+s(T))-A .
m - Ll‘l}AL(,Tlim) - from (21) ylelds

(AL (Tim) + s(T)) - A

Mliq™™(T) < AL (T

(57)

ploreed () = o=Tha™ ! (it [jjgforeed = % solves the indifference condition

)\L : GAL'T
Pforced(T) cernT ’

T
/ Pforced(l,) . (1 _ S) . e—AL'(T—:c) dx ; AL(ﬂim)- <58)
0

Therefore, Il can be interpreted as the liquidity premium low-risk investors would
demand for an artificial bond with the following characteristics: (a) only low-risk investors are
allowed to invest in this bond, (b) the bond has constant bid-ask spreads s, (c) investors are
forced to sell immediately after a preference shock (see also (20)). As high-risk investors are

not excluded, bid-ask spreads s(7") can only decrease when the bond ages, and investors have

(AL (Tim)+s(T))-AL

ATk is again an upper bound for Illiq™*(7).

the option to wait until maturity,
The same reasoning for (iii) applies for our case (v), i.e., Tim < 7 < T.

(iv) For the last case of T" with T}y, < T < 7, we exploit that P(T") is continuously
differentiable at 7" = 7 (which can be shown using (23) and (24) for P(T") as well as (10)
solved for s(7)). If P(T') is continuously differentiable at 7, (Illiank(T))/ is continuous at 7
(see (53)). Since we have already shown that (Illiank(T))/ is larger than or equal to zero
for T' with Ty, < 7 < T (case (v)), (Illiank(T))/ > 0 then also holds for 7' = 7. To show
that (Illiank(T ))/ > 0 for any T with Tj;,, < T < 7, we introduce an artificial bid-ask spread

function $(7T") < s(7') such that the corresponding 7 that solves Equation (10) equals 7.
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Now, we can again exploit case (v) with the artificial bid-ask spread function §(7), i.e.,
——ask /
<Illiq (T)> > 0 for T with T3, < 7 < T. As prices do not depend on bid-ask spreads

when investors wait when experiencing a preference shock (see also Equation (1)), it holds

A

that P(T) = P(T) for T < 7 < 7 . Applying the same continuity argument as above for

———as !
(Illiq k(T)) then proves the assertion for all T'(= 7) with T}y, < T < 7. O

Iliq™*(T) goes to zero for T — 0: Applying ’'Hopital’s rule and using (17) for P(T)

directly leads to limyp_,o Iliq™*(T") = limy_ w =0. O

Illiank(T) flattens at Tj;,,: We prove Condition (3) separately for Ty, < 7, Tiim = T,

and Ty, > 7. For Ty, < 7, using (17) and (23) for P(T), (3) transforms to the condition

b . eb',Tlim . (b . (e,Tlim'AL — eﬂim')‘H) — e,Tlim')‘L . AH + eb'T'lim . ()\H — )\L) + eﬂilrl'AH . AL)

> 0.
(eb'Tlim — eTlim‘)\L) « i - (b . et Tim — eTiim Am . /\H)

(59)

Exploiting that the denominator of (59) is positive and using our earlier substitutions b =

AL —cl and Ay = A\p + €2 with ¢l1,¢2 > 0 and ¢l < Az, (59) simplifies to

elime? . ] 4 e Timel .09 ] — 2> 0. (60)

We show that this condition holds by again verifying that the left-hand side of (60) equals

0 for T, — 0, and its first derivative is strictly positive for Ty, > 0.

For Ty, = 7, exactly the same line of arguments as for T}, < 7, but using (24) instead

of (23), proves the assertion.

For Ty > 7, using (17) and (19), condition (3) evaluates to

AL - (AL (Thim) + $(Thim))
1+ Ar(Tim) 7

S(’Thm) . /\H > (61)

which always holds due to the clientele effect. To see why, note that due to the clientele
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effect (see Equation (25)), high-risk investors are not willing to invest in long-term bonds.
Thus, for a fixed T, the price P(T) is lower if T}y, is below 7" than when Ty, is above T'.
From that, it directly follows that the integrand in Equation (1) for 7 < T' < Ty, is larger

than the integrand for 7 < T, < T', which directly implies (61). O

Iig™¥(T) is decreasing in T at the short end: We use (2) and (17) to calculate

be T (b=X s'(T (1=s(T))-(b-e= T 2H —e=T Ay
T <b+ e 1_§(})) 1 log ( ( i ))
(Tig" (7)) = 7z (62)

Plugging in 7" = 0, the numerator of (62) evaluates to log(1—s(0)), which is strictly negative
for 5(0) > 0. Hence, limy_ (Iliq"(7))" = —oc. O

Spill-over effect: To prove the spill-over effect, we proceed in two steps. First, we show
that the effect holds for a fixed Tj;,,. Second, we verify that the effect persists when Tj;,
adapts to the new parameter set. For T > T, we can exploit that bond prices P(T') in (1)
decrease if Ap(T}im) increases. Additionally, they also decrease if P(Tyiy,) (for 7 < Ty < T)
or P(7) (for Tji, < 7 < T) decreases. Since bond prices and liquidity premia are inversely
related (see (2)), the spill-over effect for a fixed Tj;,, immediately follows as P(T;,) and P(7)
decrease and Ay (Tjiy,) increases if Ay increases. For the second part of the argument, note
that Tji, is lower (higher) due to lower (higher) bond prices and low-risk investors who now
can hold more (less) bonds for given wealth W. However, if the change in Ty, were to fully
compensate the price effect shown for a fixed Tj;,, it follows that prices above Ty, would
be unchanged. Then, the wealth of low-risk investors would suffice to buy exactly the same
amount of bonds as before and, thus, Tj;, also would remain unchanged. Thus, there could

not be any compensation due to a different Tj;,, contradicting the initial assumption.

To see that a reverse spill-over does not hold, note that bond prices P(T') for T' < Tj;, in
(1) are not affected by changes in Az. Thus, short-term liquidity premia remain unchanged.

0
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Figure 1: Turnover — Hump-shaped trading volume and aging effect

The figure presents secondary-market turnover for the baseline case where the rate A at which
preference shocks occur equals 0.5 for high-risk investors and 0.25 for low-risk investors, the time
preference rate increases from 0 to b = 0.02 if a preference shock occurs, bid-ask spreads s equal 0.3%,
the maximum bond maturity Tihax equals 10 years, both investor types have the same aggregate
wealth W of 1, and for each initial maturity, bonds are issued with a rate of a = 0.025. In the
resulting equilibrium allocation, high-risk investors invest in bonds with maturities up to T, =
2.833 years, and only bonds with a maturity higher than 7 = 0.156 years are sold if a preference shock
occurs. The dotted line presents turnover of bonds with initial maturity Tinit < Tiim, the dashed line
depicts turnover of bonds with initial maturity Tinig > Tiim, and the solid line aggregates turnover
over all bonds.
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Figure 2: Liquidity premia — Constant bid-ask spreads and spill-over effect

The figure presents liquidity premia for the baseline case (thick lines) where the rate A at which
preference shocks occur equals 0.5 for high-risk investors and 0.25 for low-risk investors, the time
preference rate increases from 0 to b = 0.02 if a preference shock occurs, bid-ask spreads s equal
0.3% for all maturities, the maximum bond maturity Tyax equals 10 years, both investor types have
the same aggregate wealth W of 1, and for each initial maturity, bonds are issued with a rate of
a = 0.025. In the resulting equilibrium allocation, high-risk investors invest in bonds with maturities
up to Tiim, paseline = 2.833 years, and only bonds with a maturity higher than 7paseline = 0.156 years
are sold if a preference shock occurs. Thin lines present liquidity premia for the case of higher
liquidity demand for high-risk investors (Agy = 1.0). All other parameters are identical to the
baseline case. For this specification, critical maturities 7,—1.0 = 0.163 and Tim, r,=1.0 = 2.793
only change marginally compared to the baseline specification. Solid lines depict Illig**(T), dashed
lines Iliq"9(T).
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Figure 3: Liquidity premia — Increasing bid-ask spreads and spill-over effect

In this figure, thick lines present liquidity premia for the case where we have calibrated bid-ask
spreads to observed prices: s(T') = 0.004396 + 0.024067 - (1 — e~ %1947 (see also Section 5.3 and
Figure 4). The rate A at which preference shocks occur equals 0.5 for high-risk investors and 0.25 for
low-risk investors, the time preference rate increases from 0 to b = 0.02 if a preference shock occurs,
the maximum bond maturity Tihax equals 10 years, both investor types have the same aggregate
wealth W of 1, and for each initial maturity, bonds are issued with a rate of a = 0.025, leading
to a total bond supply of 1.25. In the resulting equilibrium allocation, high-risk investors invest in
bonds with maturities up to Tiim, calibrated = 2.758 years, and only bonds with a maturity higher
than Tealibrated = 0.270 years are sold if a preference shock occurs. Thin lines present liquidity premia
for the case of higher short-term bid-ask spreads (shigher(1') = 5(2.5) for T' < 2.5, Shigher(T') = s(T')
for T' > 2.5). All other parameters are identical to the baseline case. For this specification, critical
maturities are NOw Thigher s = 0.564 and Tiim, higher s = 2.740. Solid lines depict Illiank(T), dashed
lines Mliq"(T).
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Figure 4: Empirical term structure of bid-ask spreads

The figure presents the average term structure of proportional bid-ask spreads (squares) together
with the calibrated bid-ask spread function s(T") = 0.004396+0.024067 - (1 — e~ %1914 (solid line).
Bid-ask spreads are computed for each bond on days with trades on both sides as the difference
between the average bid and ask transaction price. The depicted average spread is computed as the
mean spread across all bonds of a given duration. The sample period is from October 1, 2004 to
September 30, 2012.
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Figure 5: Empirical term structure of ask and bid liquidity premia

The figure presents the average term structure of ask and bid liquidity premia together with the
predictions of our model (see Figure 3). In Panel A, the liquidity premium Illiqgfg/ Pidis determined
as the difference of the bond yield and a theoretical credit adjusted yield calculated by discounting
the bond’s cash flows with a bootstrapped discount curve computed from Treasury yields and
a CDS curve. In Panel B, the liquidity premium Illiqug/ Pid s determined as in Dick-Nielsen,
Feldhiitter, and Lando (2012) as the yield spread proportion explained by the liquidity measure
Im in a linear regression, where Im is the equally weighted average of the Amihud (2002) liquidity
measure, imputed roundtrip costs as in Feldhiitter (2012), and the standard deviations of these
measures. Squares indicate average ask liquidity premia, circles show average bid liquidity premia.
The solid line depicts model implied Illiq**(T), the dashed line shows model implied Illiq" (7).

The sample period is from October 1, 2004 to September 30, 2012.
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Table I: Sample description

The table presents the procedure used to arrive at the final samples employed in our main analysis and in the robustness checks in
Section 6, the number of trades, the number of bonds, and the traded notional value in billion USD. The last column shows the number

of bond-month observations used for the calculation of liquidity premia Illiq

text. The sample period is from October 1, 2004 to September 30, 2012.

ask/bid
reg

with the regression-based approach described in the

Number of

trades

Number of

bonds

Traded notional
value (in bn.

Number of
bond-month
USD) observations to
calculate

Tlligisk/Pid

All trade entries within the TRACE database

Subtotal after filtering out erroneous and duplicate trade entries with the procedures described

in Dick-Nielsen (2009, 2014)

Turnover sample (Table III): excluding bonds with missing information (in Bloomberg,
Reuters, or Markit), bonds with embedded call or put options (incl. make-whole call

provisions, death puts, poison puts, ..
30 years, bonds with sinking funds, zero coupon bonds, convertible bonds, bonds with variable
coupon payments, bonds with other non-standard cash flow or coupon structures, issues which
do not have an investment grade rating from at least two rating agencies (i.e., Moody’s, S&P,

.), bonds with remaining time to maturity of more than

or Fitch) at the trading date, bonds which are not classified as senior unsecured, private
placements, bonds with government guarantee, trades on days for which a Treasury curve is
not available, trades that could not be matched to CDS data

Samples used to calculate liquidity premia: in addition to the turnover sample, we
exclude interdealer trades, trades under non-standard terms (e.g., special settlement or sale
conditions), trades for which we could not replicate the reported yield from the trade price,
and bonds with durations of less than one month

Main sample (Tables II, IV):

Trades for which dealer is seller (ask)
Trades for which dealer is buyer (bid)

Swap-implied liquidity premia (Tables V, VI): in contrast to main sample excluding
trades on days without an available swap curve (instead of Treasury curve)

Trades for which dealer is seller (ask)

Trades for which dealer is buyer (bid)

AAA bonds before financial crisis (Table VII): in contrast to main sample not
matched to CDS data, only trades until March 31, 2007 for which the bond is rated AAA
from at least two rating agencies (i.e., Moody’s, S&P, or Fitch) at the trading day
Trades for which dealer is seller (ask)

Trades for which dealer is buyer (bid)

92,188,862

57,806,924

10,483,321

3,543,343
1,962,313

3,482,571
1,926,684

116,404
66,449

77,003

63,829

2,786

2,637
2,631

2,636
2,629

163
161

86,842

38,376

4,783

1,516 63,936
1,479 63,188

1,495 62,207
1,461 61,259

49 2,025
48 2,008
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Table II: Regression of ask and bid liquidity premia on duration
The table presents the regression analysis of ask and bid liquidity premia (in percentage points) on the bond’s duration and control
variables for different breakpoints that separate the short end from longer maturities of the liquidity term structure:

thg?};/reg(T) =a"+ pf- Tyr<y - (T —y)+ B3 - Tipsyy - (T —y) +~* - Controls + ¢,

iR g (T) = "+ B7 - Lyreyy - (T = y) + 85 - Lizsyy - (T —y) +7" - Controls + .
In Panel A, the liquidity premium Illiqz?};/ Pid is determined as the difference of the bond yield and a theoretical credit adjusted yield
calculated by discounting the bond’s cash flows with a bootstrapped discount curve computed from Treasury yields and a CDS curve.
In Panel B, the liquidity premium Illiqfsg/ P s determined as in Dick-Nielsen, Feldhiitter, and Lando (2012) as the proportion of the
yield spread (in excess of the Treasury yield curve) explained by the liquidity measure Im in a linear regression, where Im is the equally
weighted average of the Amihud (2002) liquidity measure, imputed roundtrip costs as in Feldhiitter (2012), and the standard deviations
of these measures. The explanatory variable is the duration T' (in years) minus the breakpoint y for 7' < y and T > y. In Panel A,
we additionally include the control variables age in years, the average numerical rating (Rating), and the logarithm of the outstanding
amount (log(Amt)) and use firm and month fixed effects. The breakpoints y equal three months, six months, nine months, one year,
two years, and three years. In Panel A, we present standard errors clustered at the firm level in parentheses. In Panel B, we use White
(1982) standard errors. The sample period is from October 1, 2004 to September 30, 2012. *, ** indicate significance at the 5% or 1%

level.

Ask Bid
y = 0.25 y=0.5 y = 0.75 y=1 y =2 y=3 y = 0.25 y=0.5 y = 0.75 y=1 y =2 y=3
Panel A: Liquidity premium IlliqZ?g/bid
Constant 0.1875 0.1978 0.2024 0.1840 0.2911 0.5952 0.0539 —0.0302 —0.0593 —0.0719 —0.0768 —0.0585
(0.7548) (0.7530) (0.7522) (0.7519) (0.7266) (0.6980) (0.7032) (0.7017) (0.6978) (0.6949) (0.6863) (0.6768)
Tir<yy - (T —vy) 3.3402** 1.4416** 1.0140** 0.9013** 0.4800** 0.2968**  —8.7631** —2.5747** —1.2421** —0.7039** —0.1674** —0.0735*
(1.2911) (0.4988) (0.2840) (0.2050) (0.0963) (0.0535) (0.6059) (0.2526) (0.1496) (0.1080) (0.0502) (0.0315)
Lirsyy - (T —vy) 0.0573** 0.0550** 0.0518** 0.0464** 0.0273* 0.0142 —0.0030 0.0016 0.0042 0.0053 0.0062 0.0061
(0.0110) (0.0112) (0.0113) (0.0113) (0.0129) (0.0147) (0.0094) (0.0092) (0.0092) (0.0093) (0.0103) (0.0115)
Controls
Age [in years| 0.0004 0.0015 0.0031 0.0056 0.0125 0.0149 0.0284** 0.0266** 0.0255** 0.0251** 0.0252** 0.0260**
(0.0070) (0.0070) (0.0070) (0.0070) (0.0077) (0.0081) (0.0057) (0.0055) (0.0053) (0.0053) (0.0051) (0.0050)
Rating —0.0139 —0.0118 —0.0096 —0.0069 0.0010 0.0014 0.1665** 0.1657** 0.1657** 0.1665** 0.1674** 0.1676**
(0.0487) (0.0484) (0.0483) (0.0481) (0.0472) (0.0470) (0.0542) (0.0538) (0.0537) (0.0537) (0.0539) (0.0542)
log(Amt) 0.0586 0.0584 0.0581 0.0591 0.0584 0.0515 —0.0429*  —0.0419 —0.0414 —0.0420 —0.0436* —0.0433*
(0.0321) (0.0318) (0.0316) (0.0316) (0.0308) (0.0295) (0.0217) (0.0221) (0.0221) (0.0221) (0.0219) (0.0214)
Firm Fixed Effects Yes
Month Fixed Effects Yes
Lirsyy - (T —vy) —3.2830* —1.3866** —0.9621** —0.8549** —0.4527** —0.2826** 8.7601** 2.5763** 1.2462** 0.7092** 0.1736** 0.0797*
—Lir<yy- (T —vy) (1.2943) (0.5030) (0.2886) (0.2097) (0.1042) (0.0639) (0.6088) (0.2546) (0.1515) (0.1101) (0.0544) (0.0371)
N 3,543,343 1,962,313

R? 0.3934 0.3946 0.3965 0.4003 0.4094 0.4099 0.3877 0.3907 0.3896 0.3872 0.3815 0.3796
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Ask Bid
y =0.25 y=0.5 y=0.75 y=1 y=2 y=3 y = 0.25 y=0.5 y=0.75 y=1 y =2 y=3
Panel B: Liquidity premium Illiqi,:zg/bid
Constant 0.1251** 0.1379** 0.1517** 0.1673** 0.2344** 0.2963** 0.5736** 0.5599** 0.5567** 0.5584** 0.5886** 0.6277**
(0.0300) (0.0303) (0.0304) (0.0301) (0.0281) (0.0270) (0.0315) (0.0300) (0.0305) (0.0309) (0.0312) (0.0311)
Lir<yy - (T —vy) 1.0438 0.5310* 0.3875** 0.3306** 0.2268** 0.1720**  —5.0205** —1.7129** —0.8167** —0.4475** —0.0390 0.0320
(0.6812) (0.2082) (0.1121) (0.0793) (0.0339) (0.0193) (0.2827) (0.2859) (0.1970) (0.1532) (0.0718) (0.0414)
Tirsyy (T —vy) 0.0254** 0.0248** 0.0242** 0.0233** 0.0192** 0.0149** 0.0063 0.0075 0.0080* 0.0080 0.0058 0.0024
(0.0035) (0.0036) (0.0037) (0.0037) (0.0038) (0.0040) (0.0039) (0.0039) (0.0040) (0.0041) (0.0044) (0.0047)
Lirsyy - (T —y) —1.0185 —0.5062*  —0.3633** —0.3072** —0.2075** —0.1571** 5.0268** 1.7205** 0.8247** 0.4554** 0.0449 —0.0296
—Lir<yy - (T —y) (0.6822) (0.2098) (0.1139) (0.0812) (0.0362) (0.0220) (0.2854) (0.2871) (0.1983) (0.1545) (0.0736) (0.0438)
N 221 221
R? 0.2649 0.2684 0.2732 0.2806 0.3211 0.3583 0.0678 0.0818 0.0684 0.0520 0.0117 0.0124
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Table I1I: Regression of turnover on duration and age

The table presents the regression analysis of turnover for the two subsamples on duration, age, and control variables for different

breakpoints:

Turnover(T) = a+ B1 - Lyp<yy - (T —y) + B2 - Lypsyy - (T —y) + B3 - Age + v - Controls + ¢,
where Turnover(7') is calculated as the average daily turnover for each bond and each calendar month. The left panel contains the
regression results for the full sample, the right panel contains the regression results for the subsample that excludes bonds two months
prior to and six months after changes in their outstanding amount. The explanatory variables are the bond’s duration 7' (in years)
minus the breakpoint y for 7' < y and 7' > y as well as age (in years). The control variables are the average numerical rating (Rating)
and the logarithm of the outstanding amount (log(Amt)). The breakpoints y are given by three months, six months, nine months, one
year, two years, and three years. We use month fixed effects. Clustered standard errors at the firm level are presented in parentheses.
Parameter estimates and standard errors are multiplied by 1,000. The sample period is from October 1, 2004 to September 30, 2012. *

** indicate significance at the 5% or 1% level.

All Excl[-2, +6]
y = 0.25 y=0.5 y = 0.75 y=1 y =2 y=3 y = 0.25 y=0.5 y = 0.75 y=1 y=2 y=3
Constant —4.6270** —4.5999** —4.5866** —4.5912** —4.6515"* —4.6348** —4.8264** —4.8117** —4.8104** —4.8276** —4.9551** —5.0349**
(0.8140) (0.8085) (0.8056) (0.8066) (0.8203) (0.8133) (0.8894) (0.8833) (0.8802) (0.8821) (0.9077) (0.9179)
Tir<yy - (T —vy) 5.7766** 2.1746** 1.1631** 0.6521** 0.0853 0.0602 5.6439%* 2.0882** 1.0883** 0.5754**  —0.0130 —0.0569
(0.4585) (0.2151) (0.1452) (0.1077) (0.0505) (0.0309) (0.4470) (0.2056) (0.1369) (0.1006) (0.0485) (0.0310)
Lirsyy - (T —vy) —0.0214 —0.0263 —0.0292*  —0.0287 —0.0198 —0.0263 —0.0671** —0.0720** —0.0747** —0.0738** —0.0595** —0.0542**
(0.0133) (0.0137) (0.0141) (0.0146) (0.0167) (0.0182) (0.0090) (0.0095) (0.0099) (0.0102) (0.0113) (0.0127)
Age [in years| —0.2040** —0.2031** —0.2027** —0.2029** —0.2048** —0.2043** —0.1318** —0.1309** —0.1305** —0.1308** —0.1335** —0.1343**
(0.0169) (0.0168) (0.0168) (0.0168) (0.0171) (0.0171) (0.0119) (0.0117) (0.0116) (0.0115) (0.0118) (0.0120)
Controls
Rating 0.0424 0.0425 0.0425 0.0425 0.0423 0.0425 0.0634* 0.0635* 0.0635* 0.0634* 0.0630* 0.0629*
(0.0280) (0.0280) (0.0280) (0.0280) (0.0281) (0.0281) (0.0248) (0.0248) (0.0248) (0.0248) (0.0249) (0.0249)
log(Amt) 0.4312** 0.4310** 0.4308** 0.4306** 0.4306** 0.4304** 0.4011** 0.4009** 0.4007** 0.4005** 0.4004** 0.4005**
(0.0333) (0.0330) (0.0328) (0.0328) (0.0335) (0.0332) (0.0383) (0.0379) (0.0377) (0.0378) (0.0389) (0.0392)
Firm Fixed Effects No
Month Fixed Effects Yes
]l{T>y} (T —vy) —5.7980** —2.2009** —1.1922** —0.6808** —0.1051 —0.0865* —5.7110** —2.1602** —1.1630** —0.6492** —0.0465 0.0027
~Appeyy - (T—y)  (0.4630)  (0.2210)  (0.1520)  (0.1155)  (0.0614)  (0.0425) (0.4508)  (0.2103)  (0.1421)  (0.1063)  (0.0554)  (0.0394)
N 102,304 96,458
R? 0.1548 0.1548 0.1545 0.1539 0.1527 0.1528 0.1482 0.1482 0.1477 0.1466 0.1447 0.1446
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Table IV: Spillover analysis

The table presents a vector autoregression (VAR) analysis of monthly average ask and bid liquidity premia (in percentage points) on
lagged liquidity premia for different breakpoints that separate short-term from long-term maturities of the liquidity term structure:

g2 (T < y)
WigP (T < y)
g8 (T > o)

WigP (T > y)

Liquidity premia Illig?sk/Pid

Z ¢z short th?ili T< y + Z 6@ Jong ° thask (T 2 y) +é,
z z

Z ¢z short HhCIt (T < y + Z 6@ Jong ° thbld (T 2 y)

i=1
2

Z Bz ,short thask (T < y + Z ¢z Jong ° thask (T 2 y) t+e
z*l

Z ﬁz ,short thbld (T < y + Z ¢z Jong ° thbld (T 2 y) te,
i=1 i=1

are determined as the difference of the bond yield and a theoretical credit adjusted yield calculated by

discounting the bond’s cash flows with a bootstrapped discount curve computed from Treasury yields and a CDS curve. A time trend
and the square of the time are removed from the time series of monthly average liquidity premia. The breakpoints y equal three months,
six months, nine months, one year, two years, and three years. We present Newey and West (1987) standard errors with three lags in
parentheses. We provide x? statistics for the null hypotheses, that i) both lag parameters are jointly zero and ii) the sum of both lag
parameters is zero. The sample period is from October 1, 2004 to September 30, 2012. *, ** indicate significance at the 5% or 1% level.

Ask Bid
y = 0.25 y=0.5 y=0.75 y=1 y =2 y=3 y =0.25 y=0.5 y =0.75 y=1 y =2 y=3
Panel A: Long-term liquidity premium Illlank/bld(T >v)

Constant —0.0001 —0.0004 —0.0003 —0.0005 —0.0005 —0.0004 —0.0008 —0.0008 —0.0008 —0.0009 —0.0007 —0.0005

(0.0161) (0.0148) (0.0140) (0.0131) (0.0114) (0.0104) (0.0199) (0.0183) (0.0159) (0.0144) (0.0122) (0.0110)
111 ask/bld(T <) —0.0124 0.0317 0.0173 0.0276 0.0525**  0.0736** 0.0485* 0.0481* 0.0419* 0.0476**  0.0614**  0.0750**

(0.0246) (0.0207) (0.0179) (0.0183) (0.0150) (0.0189) (0.0235) (0.0229) (0.0165) (0.0150) (0.0090) (0.0110)
Illiq‘%k/bld(T <) 0.0328 0.0027 0.0213 0.0180 0.0125 0.0057 0.0052 —0.0012 0.0111 0.0142 0.0213* 0.0182

(0.0205) (0.0129) (0.0152) (0.0147) (0.0167) (0.0175) (0.0143) (0.0145) (0.0083) (0.0079) (0.0105) (0.0133)
Illiq%k/bld(T >y) 0.9278**  0.7721**  0.8300**  0.8169**  0.8152**  0.8133** 0.6262**  0.5868**  0.5810**  0.5819**  0.6824**  0.7290**

(0.1026) (0.1410) (0.1373) (0.1360) (0.1253) (0.1073) (0.1864) (0.2116) (0.1896) (0.1816) (0.1509) (0.1105)
Ilhank/bld(T >y) —0.1198 0.0347 —0.0278 —0.0026 —0.0249 —0.0436 0.0938 0.1662 0.1629 0.1708 0.0269 —0.0340

(0.0677)  (0.0903)  (0.0862)  (0.0923)  (0.0818)  (0.0770)  (0.1288)  (0.1526)  (0.1410)  (0.1429)  (0.0919)  (0.0752)
Ho: Bf/iort =0, B;/Siort =0 3.7440 3.4164 5.1850 6.6180*  13.1219** 17.6259** 9.5379**  6.7325*  18.0083** 24.2712**  47.0922** 87.0473**
Ho: Bl bhort + ,82/Short =0 1.6149 3.4023 4.8876* 6.5470* 8.8032**  13.5138** 9.2250**  6.7093**  15.2309** 21.8295** 28.7279**  66.0851**
Hy: ¢>1 long =0, ¢>; lzng =0 130.9102** 248.1863** 261.0037** 372.3914** 156.2030** 139.9858**  90.5865** 143.2348** 173.2385** 203.6643** 107.0541** 107.4604**
Ho: ¢>‘11/12ng + ¢{2L/12ng 130.5109** 148.7458** 154.6815** 210.8816** 134.7886** 138.9897**  66.2013**  82.5497** 108.0807** 142.3297** 76.0361** 105.0508**
N 94
R2 0.7267 0.7515 0.7700 0.7876 0.8063 0.8090 0.7547 0.7781 0.8091 0.8306 0.8628 0.8651
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Ask Bid

y = 0.25 y=0.5 y = 0.75 y=1 y=2 y=23 y = 0.25 y=0.5 y = 0.75 y=1 y=2 y=3
Panel B: Short-term liquidity premium Illlank/bld (T <vy)
Constant 0.0024 0.0025 0.0021 0.0022 0.0014 0.0002 —0.0017 —0.0026  —0.0030 —0.0027 —0.0021 —0.0023
(0.0833)  (0.0941)  (0.0876)  (0.0832) (0.0727)  (0.0640)  (0.1138) (0.1311)  (0.1408) (0.1301)  (0.1075)  (0.0881)
Mg ™7 < y) 0.5401%*  0.6882**  0.7434**  0.7016**  0.5653**  0.5581**  0.7091**  0.7716**  0.7859** 0.7531**  0.5885**  0.5776**
(0.1514)  (0.0905)  (0.0998)  (0.1051)  (0.0991)  (0.0545)  (0.1509) (0.1410)  (0.1043) (0.1108)  (0.0869)  (0.0415)
Illiq?Sk/bld(T <) 0.0174 0.0464  —0.0471 0.0091 0.0788* 0.0969 —0.2045 —0.1338 —0.1748 —0.1065 —0.0018 0.0548
(0.1018)  (0.0488)  (0.0382)  (0.0450)  (0.0362)  (0.0571)  (0.1303) (0.1416)  (0.0938)  (0.0687)  (0.1106)  (0.1375)
Illiq?Sk/bld(T >y) 0.1368 —1.0909 —0.6430 —0.7453 0.0378 0.2667 0.4907 —0.9417 —-0.9562 —1.1710 —0.4111 —0.0123
(0.8303)  (0.8591) (0.8150) (0.8525) (0.9329)  (0.7984)  (2.0215) (1.4548) (1.6679) (1.6039)  (1.6697)  (1.2410)
Illiq?Sk/bld(T >vy) —0.4140 0.3669  —0.0190 0.0488 —0.3179 —0.4224 —0.0422 0.8564 0.8495 0.9055 0.5810 0.1641
(0.6865)  (0.6038)  (0.6472)  (0.6631)  (0.6524)  (0.5320)  (1.5100) (0.9852) (1.1024) (1.0967)  (1.0817)  (0.7390)
Ho: 6270 =0,62/% =0 29.1050** 58.8480** 58.4735"* 59.1632** 32.5819** 120.7566** 22.3200** 35.5827** 70.1139** 68.1428"* 148.9622** 195.0033**
Ho: 620+ ¢>g/§mt 0 28.7251%* B51.4067** 56.9308"* 58.7976** 30.5106** 45.8950**  8.3013°* 22.0688** 15.5059** 18.0690**  9.6256** 18.4207**
Ho: B0 =0,830° =0 11056 22141  2.8570 34807  1.6941 15426  0.7357 09429 09803 08115 13747 04397
Ho: 820 +83/0 =0 0.5653 21186 27593 3.2873 05106 01670 04391 00171  0.0249  0.2087  0.0613  0.0661
N 94

R? 0.3060 0.4020 0.4543 0.4450 0.3660 0.3927 0.4535 0.3928 0.4002 0.3775 0.3428 0.3974
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Table V: Regression of swap-implied ask and bid liquidity premia on duration
The table presents the regression analysis of swap-implied ask and bid liquidity premia (in percentage points) on the bond’s duration
and control variables for different breakpoints that separate the short end from longer maturities of the liquidity term structure:

Illiqi?g/reg(T) =a"+ 1 Ty - (T —y) + By - Lypsyy - (T —y) +7* - Controls + ¢,

Hliqgig/reg(T) =a’+ - Tip<yy - (T —y) + 3. Lipsyy - (T —y) + Y. Controls + €.
In Panel A, the liquidity premium Illiq?i?g/ P is determined as the difference of the bond yield and a theoretical credit adjusted yield
calculated by discounting the bond’s cash flows with a bootstrapped discount curve computed from swap rates and a CDS curve. In
Panel B, the liquidity premium Illiqi«fg/ b is determined as in Dick-Nielsen, Feldhiitter, and Lando (2012) as the proportion of the yield
spread (in excess of the swap curve) explained by the liquidity measure lm in a linear regression, where Im is the equally weighted average
of the Amihud (2002) liquidity measure, imputed roundtrip costs as in Feldhiitter (2012), and the standard deviations of these measures.
The explanatory variable is the duration 7' (in years) minus the breakpoint y for 7' < y and 7' > y. In Panel B, we additionally include
the control variables age in years, the average numerical rating (Rating), and the logarithm of the outstanding amount (log(Amt)) and
use firm and month fixed effects. The breakpoints y equal three months, six months, nine months, one year, two years, and three years.
In Panel A, we present standard errors clustered at the firm level in parentheses. In Panel B, we use White (1982) standard errors. The
sample period is from October 1, 2004 to September 30, 2012. *, ** indicate significance at the 5% or 1% level.

Ask Bid
y = 0.25 y=0.5 y=0.75 y=1 y =2 y=3 y = 0.25 y=0.5 y=0.75 y=1 y =2 y=3
Panel A: Liquidity premium Illiqug/bid
Constant —0.2994 —0.2774 —0.2580 —0.2551 —0.1169 0.1526 —0.0619 —0.1589 —0.1950 —0.2164 —0.2546 —0.2369
(0.7641) (0.7634) (0.7637) (0.7644) (0.7430) (0.7129) (0.7418) (0.7396) (0.7343) (0.7307) (0.7185) (0.6990)
Lir<yy - (T —vy) 1.1274 0.8630 0.6683* 0.6589** 0.3906** 0.2622** —10.4996** —3.1447** —1.5796** —0.9406** —0.2653** —0.1229**
(1.3854) (0.5602) (0.3157) (0.2252) (0.1038) (0.0569) (0.6294) (0.2641) (0.1560) (0.1126) (0.0528) (0.0334)
Lirsyy - (T —vy) 0.1034** 0.1019** 0.0999** 0.0958** 0.0825** 0.0743** 0.0314** 0.0371** 0.0411** 0.0437** 0.0512** 0.0573**
(0.0120) (0.0124) (0.0128) (0.0131) (0.0155) (0.0177) (0.0108) (0.0105) (0.0104) (0.0103) (0.0111) (0.0122)
Controls
Age [in years| —0.0001 0.0006 0.0017 0.0035 0.0083 0.0098 0.0307** 0.0284** 0.0267** 0.0257** 0.0235** 0.0231**
(0.0078) (0.0080) (0.0081) (0.0083) (0.0092) (0.0097) (0.0060) (0.0057) (0.0055) (0.0054) (0.0051) (0.0051)
Rating —0.0091 —0.0078 —0.0064 —0.0043 0.0012 0.0012 0.1627** 0.1617** 0.1616** 0.1626** 0.1637** 0.1644**
(0.0497) (0.0494) (0.0493) (0.0491) (0.0482) (0.0481) (0.0545) (0.0540) (0.0538) (0.0537) (0.0538) (0.0540)
log(Amt) 0.0682* 0.0681* 0.0679* 0.0684* 0.0679* 0.0633* —0.0420 —0.0407 —0.0400 —0.0405 —0.0423 —0.0414
(0.0319) (0.0318) (0.0316) (0.0316) (0.0308) (0.0294) (0.0233) (0.0237) (0.0238) (0.0239) (0.0240) (0.0234)
Firm Fixed Effects Yes
Month Fixed Effects Yes
Lirsyy - (T —vy) —1.0240 —0.7611 —0.5684 —0.5631*  —0.3081** —0.1878** 10.5310** 3.1818** 1.6207** 0.9843** 0.3165** 0.1802**
—Lir<yy - (T —vy) (1.3907) (0.5663) (0.3222) (0.2319) (0.1142) (0.0697) (0.6335) (0.2667) (0.1581) (0.1148) (0.0572) (0.0390)
N 3,482,571 1,926,684
R? 0.4040 0.4045 0.4052 0.4071 0.4114 0.4112 0.3375 0.3434 0.3437 0.3417 0.3358 0.3328
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Ask Bid
y = 0.25 y=0.5 y =0.75 y=1 y=2 y=23 y = 0.25 y=0.5 y=0.75 y=1 y=2 y=3
Panel B: Liquidity premium Illiq;a.zlg(/bid
Constant —0.0228 —0.0080 0.0073 0.0245 0.0993** 0.1730** 0.4215** 0.4105** 0.4090** 0.4126** 0.4512** 0.5018**
(0.0334) (0.0337) (0.0339) (0.0339) (0.0338) (0.0341) (0.0370) (0.0350) (0.0351) (0.0355) (0.0365) (0.0374)
Lir<yy - (T —vy) 0.1322 0.1535 0.1434 0.1513* 0.1463** 0.1278** —6.0137** —2.0990** —1.0647** —0.6285** —0.1195 —0.0131
(0.5288) (0.1881) (0.1031) (0.0722) (0.0333) (0.0208) (0.2664) (0.2756) (0.1864) (0.1436) (0.0689) (0.0410)
Tyrsyy (T —y) 0.0517** 0.0516** 0.0513** 0.0510** 0.0488** 0.0463** 0.0332** 0.0348** 0.0356** 0.0360** 0.0357** 0.0342**
(0.0049) (0.0050) (0.0051) (0.0052) (0.0056) (0.0061) (0.0053) (0.0053) (0.0054) (0.0056) (0.0061) (0.0066)
Lirsyy - (T —y) —0.0805 —0.1019 —0.0920 —0.1003 —0.0975** —0.0815** 6.0468** 2.1338%* 1.1003** 0.6646** 0.1553* 0.0472
—Lir<yy - (T —y) (0.5308) (0.1908) (0.1064) (0.0758) (0.0374) (0.0256) (0.2712) (0.2776) (0.1885) (0.1457) (0.0716) (0.0446)
N 225 225
R? 0.4601 0.4602 0.4604 0.4609 0.4654 0.4708 0.2415 0.2537 0.2510 0.2446 0.2190 0.2069
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Table VI: Spillover analysis of swap-implied liquidity premia
The table presents a vector autoregression (VAR) analysis of monthly average swap-implied ask and bid liquidity premia (in percentage
points) on lagged liquidity premia for different breakpoints that separate short-term from long-term maturities of the liquidity term

structure:

Liquidity premia Illiq

ask/bid

thask T< y Z ¢z short * thask T< y + Z 6’ Jlong *
Z 'L

WigP (T < y)

g8 (T > y)

WigP (T > y)

Z ¢z short * th}?idz (T < y + Z 62 Jong

Z Bz ,short
Z ﬁz ,short

ig? (T < ) + Z Pilong °

igXd (T < ) + Z ot long °

g™ (T > y) +
MigPd (T > y) +
ig?K (T > ) + ¢

Miq'S(T > y) +e,

are determined as the difference of the bond yleld and a theoretical credit adjusted yield calculated by

discounting the bond’s cash flows with a bootstrapped discount curve computed from swap rates and a CDS curve. A time trend and
the square of the time are removed from the time series of monthly average liquidity premia. The breakpoints y equal three months,
six months, nine months, one year, two years, and three years. We present Newey and West (1987) standard errors with three lags in
parentheses. We provide x? statistics for the null hypotheses, that i) both lag parameters are jointly zero and ii) the sum of both lag
parameters is zero. The sample period is from October 1, 2004 to September 30, 2012. *, ** indicate significance at the 5% or 1% level.

Ask Bid
y = 0.25 y=0.5 y=0.75 y=1 y =2 y=3 y=0.25 y=0.5 y =0.75 y=1 y =2 y=3
Panel B: Long-term liquidity premium Illlank/bld(T >y)

Constant —0.0027 —0.0033 —0.0030 —0.0032 —0.0034 —0.0035 —0.0039 —0.0042 —0.0042 —0.0043 —0.0040 —0.0038

(0.0177) (0.0164) (0.0159) (0.0152) (0.0137) (0.0125) (0.0193) (0.0178) (0.0156) (0.0145) (0.0125) (0.0114)
111 ask/bld(T <) —0.0357 0.0189 —0.0008 0.0122 0.0498 0.0873* 0.0427 0.0452* 0.0375**  0.0447**  0.0686**  0.0938**

(0.0277) (0.0321) (0.0273) (0.0301) (0.0308) (0.0368) (0.0234) (0.0181) (0.0131) (0.0123) (0.0128) (0.0171)
Illiq‘%k/bld(T <) 0.0415 0.0187 0.0413* 0.0371* 0.0329 0.0275 0.0331* 0.0208 0.0277**  0.0303**  0.0407**  0.0425*

(0.0234) (0.0136) (0.0173) (0.0154) (0.0183) (0.0209) (0.0156) (0.0140) (0.0092) (0.0090) (0.0138) (0.0214)
Illiq%k/bld(T >y) 0.9374**  0.8242**  0.8931**  0.8922**  0.8966**  0.8997** 0.6151**  0.6013**  0.6209**  0.6394**  0.7138**  0.7461**

(0.0958) (0.0956) (0.1074) (0.1025) (0.1059) (0.0991) (0.1210) (0.1124) (0.1167) (0.1155) (0.1161) (0.1046)
Ilhank/bld(T >y) —0.1307 0.0057 —0.0619 —0.0400 —0.0491 —0.0633 0.1145 0.1732 0.1716 0.1733 0.0628 0.0164

(0.0767)  (0.1079)  (0.0989)  (0.1009)  (0.0869)  (0.0803)  (0.1223)  (0.1143)  (0.1239)  (0.1243)  (0.0991)  (0.0905)
Ho: Bf/iort =0, B;/Siort =0 3.1756 2.4704 5.7424 5.9443 4.5679 7.7370* 39.5763**  37.1338**  54.7813** 49.7570** 54.6464** 98.4966**
Ho: Bf iort + ﬁ;/siort =0 0.0712 1.2797 1.6875 2.1238 4.2704* 7.7340%*  28.1767**  34.6423**  46.5392**  46.9903** 51.0746** 79.7507**
Ho: ¢>1 long =0, ¢>; lzng =0 145.1936** 280.3132** 335.3569** 343.2987** 406.1465** 342.9471** 263.0745** 440.8164** 490.7292** 524.1720** 486.6117** 442.2562**
Ho: ¢>‘11/12ng ¢{2L/12ng 133.2373** 219.7953** 333.6606** 326.7703** 387.3104** 336.7237** 256.4033** 431.6646** 452.4885** 470.4445** 432.5804** 422.1271**
N 94
R2 0.7007 0.7258 0.7545 0.7721 0.8059 0.8294 0.7696 0.7918 0.8261 0.8463 0.8843 0.8982




89

Ask Bid
y = 0.25 y=0.5 y = 0.75 y=1 y=2 y=3 y = 0.25 y=0.5 y = 0.75 y=1 y=2 y=3
Panel A: Short-term liquidity premium Illlank/bld (T <vy)

Constant 0.0032 0.0024 0.0025 0.0025 0.0018 0.0010 —0.0012 —0.0047 —0.0066  —0.0067  —0.0051 —0.0039

(0.0724)  (0.0822) (0.0758)  (0.0718)  (0.0631)  (0.0563)  (0.1016)  (0.1189)  (0.1279)  (0.1181)  (0.0981)  (0.0804)
Mg ™7 < y) 0.4193**  0.4336**  0.5331**  0.4779**  0.3787** 0.3673**  0.7012**  0.6452**  0.7098**  0.6605** 0.5017**  0.4753**

(0.1481)  (0.0837)  (0.0901)  (0.0921) (0.0982) (0.0770)  (0.1142)  (0.1416)  (0.0804)  (0.0748)  (0.0662)  (0.0548)
i/ (7 < ) 00313  0.1756*  0.0470  0.0870  0.1347  0.1523* —0.0993  0.0132 —0.0801 —0.0238  0.0781  0.1324

(0.1390)  (0.0821)  (0.0688)  (0.0907)  (0.0678)  (0.0660)  (0.1076)  (0.1026)  (0.0734)  (0.0484)  (0.0715)  (0.0997)
Illiq?Sk/bld(T >y) —0.3060 —0.9764 —0.6472  —0.6668 —0.1022 0.1044 —0.0920 —0.9727 —1.2252 —1.3665 —0.6437  —0.2391

(0.4628)  (0.5262)  (0.4009)  (0.4132)  (0.3915) (0.3549)  (1.0935)  (0.7455)  (0.7619)  (0.7539)  (0.7972)  (0.6055)
Illiq?Sk/bld(T >vy) —0.3646 —0.0837 —0.3731 —0.3237 —0.4533 —0.4813 —0.0780 0.4493 0.6372 0.7602 0.4138 0.0770

(0.5624)  (0.6316)  (0.5590)  (0.5482)  (0.4925) (0.4117)  (1.0223)  (0.7600)  (0.7595)  (0.7508)  (0.7978)  (0.5744)
Ho: 6270 =0,62/0 =0 12.2194** 20.9294** 38.6968** 31.7875%* 18.5066** 22.7964** 89.8912* 115.1602** 150.7104** 95.8715" 63.9488** 76.2974**
Ho: 025+ qsg/s*;mt 0 10.5234* 25.1217** 325163 24.7494 18.1564** 18.1120"* 81.7559"* 98.1427** 135.3867** 90.3459** 24.5554** 27.7246**
Ho: B0 =0,8300 =0 19814  18.6756** 213155 22.2060°* 12.8875"* 8.4810°  0.2688 57604  6.7807* 11.2083"* 1.9837  1.2889
Ho: 620+ 8300 =0 19123 13.2946** 12.9524** 14.3864** 0.8661** 8.1984**  0.2578  4.5868*  5.3008*  9.4018** 15332  1.2884
N 94
R? 0.2538 0.3776 0.4437 0.4377 0.2865 0.2648 0.3910 0.3147 0.3481 0.3191 0.2387 0.2747
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Table VII: Regression of ask and bid liquidity premia on duration for AAA rated bonds
The table presents the regression analysis of ask and bid liquidity premia (in percentage points) on the bond’s duration and control
variables for different breakpoints that separate the short end from longer maturities of the liquidity term structure:

Illiqﬁ?}_‘f/reg(T) =a"+ 0] Ayp<yy - (T —y) + 85 - Lypsyy - (T —y) + 7 - Controls + ¢,
Illiqgig/reg(T) =a’+ - Tipay - (T —y) + 3. Tipsyy - (T —y) + 4P - Controls + ¢,

In Panel A, the liquidity premium Illiqi?g/ Pid s determined as the difference of the AAA-rated bond’s yield and a theoretical risk free
ask/bid

yield calculated by discounting the bond’s cash flows with the Treasury curve. In Panel B, the liquidity premium Illigreg is determined
as in Dick-Nielsen, Feldhiitter, and Lando (2012) as the proportion of the yield spread of a AAA-rated bond (in excess of the Treasury
curve) explained by the liquidity measure Im in a linear regression, where Im is the equally weighted average of the Amihud (2002)
liquidity measure, imputed roundtrip costs as in Feldhiitter (2012), and the standard deviations of these measures (we exclude CDS
quotes and ratings in the first-step regression, see Equation (4), for the AAA analysis). The explanatory variable is the duration T
(in years) minus the breakpoint y for " < y and T' > y. In Panel B, we additionally include the control variables age in years and
the logarithm of the outstanding amount (log(Amt)) and use firm and month fixed effects. The breakpoints y equal three months,
six months, nine months, one year, two years, and three years. In Panel A, we present standard errors clustered at the firm level in
parentheses. In Panel B, we use White (1982) standard errors. The sample period is from October 1, 2004 to September 30, 2012. *,
** indicate significance at the 5% or 1% level.

Ask Bid
y=0.25 y=20.5 y=0.75 y=1 y=2 y=3 y=0.25 y=0.5 y=0.75 y=1 y=2 y=3
Panel A: Liquidity premium Illiqi?tlff/bid
Constant —0.4896 —0.4504 —0.4093 —0.3780 —0.3220 —0.2244 0.2211 0.1850 0.1656 0.1603 0.2279 0.2544*
(0.2540) (0.2497) (0.2431) (0.2360) (0.2017) (0.1778) (0.1337) (0.1329) (0.1315) (0.1338) (0.1265) (0.1198)
Lir<yy (T —vy) 0.7061** 0.4063** 0.3220** 0.2654** 0.1695** 0.1328** —3.2910"* —1.0781** —0.5755** —0.3528** —0.0701** —0.0090
(0.1686) (0.0644) (0.0407) (0.0296) (0.0124) (0.0076) (0.0741) (0.0259) (0.0180) (0.0163) (0.0114) (0.0084)
IL{T>y} (T —vy) 0.0626** 0.0615** 0.0596** 0.0574** 0.0462** 0.0326** 0.0262** 0.0305** 0.0338** 0.0362** 0.0392** 0.0373**
(0.0113) (0.0113) (0.0112) (0.0110) (0.0098) (0.0071) (0.0058) (0.0063) (0.0068) (0.0074) (0.0095) (0.0111)
Controls
Age [in years| 0.0076* 0.0083* 0.0092** 0.0100** 0.0113** 0.0108** 0.0328** 0.0303** 0.0291** 0.0288** 0.0314** 0.0337**
(0.0033) (0.0033) (0.0033) (0.0032) (0.0028) (0.0021) (0.0024) (0.0020) (0.0019) (0.0020) (0.0028) (0.0033)
log(Amt) 0.0130* 0.0119* 0.0108* 0.0106* 0.0142** 0.0166** —0.0152**  —0.0137** —0.0128** —0.0131** —0.0178** —0.0182**
(0.0050) (0.0050) (0.0050) (0.0050) (0.0048) (0.0058) (0.0038) (0.0036) (0.0035) (0.0034) (0.0029) (0.0030)
Firm Fixed Effects Yes
Month Fixed Effects Yes
Lirsyy - (T —vy) —0.6434** —0.3449** —0.2624** —0.2080** —0.1233** —0.1002** 3.3172%* 1.1086** 0.6093** 0.3890** 0.1093** 0.0463**
—Lir<yy - (T —y) (0.1761) (0.0714) (0.0469) (0.0357) (0.0172) (0.0094) (0.0776) (0.0309) (0.0214) (0.0193) (0.0158) (0.0141)
N 116,404 66,449
R? 0.4443 0.4472 0.4523 0.4574 0.4787 0.4943 0.2003 0.2156 0.2208 0.2191 0.1964 0.1837
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Ask Bid

y = 0.25 y=0.5 y =0.75 y=1 y=2 y=23 y = 0.25 y=0.5 y=0.75 y=1 y=2 y=3
Panel B: Liquidity premium Illiq;a.zlg(/bid
Constant —0.1128** —0.1060** —0.0973** —0.0877** —0.0440** 0.0006 0.1780** 0.1693** 0.1657** 0.1640** 0.1728** 0.1907**
(0.0177) (0.0181) (0.0178) (0.0178) (0.0156) (0.0128) (0.0163) (0.0146) (0.0139) (0.0138) (0.0142) (0.0137)
Lir<yy - (T —vy) 0.5345 0.2164* 0.1717** 0.1512** 0.1166** 0.0974** —2.7170**  —0.9499** —0.4920** —0.3059** —0.0735* —0.0198
(0.2772) (0.0871) (0.0582) (0.0456) (0.0204) (0.0117) (0.1653) (0.1626) (0.1109) (0.0796) (0.0326) (0.0190)
Tyrsyy (T —y) 0.0171** 0.0168** 0.0163** 0.0157** 0.0122** 0.0078* 0.0092** 0.0104** 0.0111** 0.0116** 0.0118** 0.0109**
(0.0029) (0.0030) (0.0030) (0.0030) (0.0031) (0.0032) (0.0031) (0.0031) (0.0031) (0.0032) (0.0035) (0.0038)
Lirsyy - (T —y) —0.5174 —0.1996* —0.1554* —0.1356*"* —0.1044** —0.0896** 2.7262** 0.9603** 0.5031** 0.3175** 0.0853* 0.0306
—Lir<yy - (T —y) (0.2783) (0.0887) (0.0597) (0.0471) (0.0219) (0.0133) (0.1671) (0.1634) (0.1117) (0.0805) (0.0339) (0.0206)
N 225 225

R? 0.2315 0.2328 0.2369 0.2430 0.2851 0.3400 0.1177 0.1383 0.1351 0.1294 0.0875 0.0611




Centre for Financial Research
cFR working paper series Cologne

CFR Working Papers are available for download from www.cfr-cologne.de.

Hardcopies can be ordered from: Centre for Financial Research (CFR),
Albertus Magnus Platz, 50923 Koeln, Germany.

2015
No. Author(s) Title
15-09 V. Agarwal, H. Zhao Interfund lending in mutual fund families:

Role of internal capital markets

15-08 V. Agarwal, T. C. Green, Alpha or Beta in the Eye of the Beholder: What drives Hedge
H. Ren Fund Flows?

15-07 V. Agarwal, S. Ruenzi, F.  Tail risk in hedge funds: A unique view from portfolio holdings
Weigert

15-06 C. Lan, F. Moneta, R. Mutual Fund Investment Horizon and Performance
Wermers

15-05 L.K. Dahm, C. Sorhage Milk or Wine: Mutual Funds’ (Dis)economies of Life

15-04 A. Kempf, D. Mayston, M.  Resiliency: A Dynamic View of Liquidity
Gehde-Trapp, P. K. Yadav

15-03 V. Agarwal, Y. E. Arisoy, Volatility of Aggregate Volatility and Hedge Funds Returns

N. Y. Naik

15-02 G. Cici, S. Jaspersen, A. Speed of Information Diffusion within Fund Families
Kempf

15-01 M. Baltzer, S. Jank, E. Who trades on momentum?

Smajlbegovic

2014
No. Author(s) Title
14-14 G. Cici, L. K. Dahm, A. Trading Efficiency of Fund Families:

Kempf Impact on Fund Performance and Investment Behavior

14-13 V. Agarwal, Y. Lu, S. Ray Under one roof: A study of simultaneously managed hedge
funds and funds of hedge funds

14-12 P. Limbach, F. CEO Fitness and Firm Value
Sonnenburg


http://www.cfr-cologne.de/

14-11 G. Cici, M. Gehde-Trapp, What They Did in their Previous Life:
M. Goricke, A. Kempf The Investment Value of Mutual Fund Managers’ Experience
outside the Financial Sector
14-10 O. Korn, P. Krischak, E. llliquidity Transmission from Spot to Futures Markets
Theissen
14-09 E. Theissen, L. S. Zehnder Estimation of Trading Costs: Trade Indicator Models
Revisited
14-08 C. Fink, E. Theissen Dividend Taxation and DAX Futures Prices
14-07 F. Brinkmann, O. Korn Risk-adjusted Option-implied Moments
14-06 J. Grammig, J. S6nksen Consumption-Based Asset Pricing with Rare Disaster Risk
14-05 J. Grammig, E. Schaub Give me strong moments and time — Combining GMM and
SMM to estimate long-run risk asset pricing
14-04 C. Sorhage Outsourcing of Mutual Funds’ Non-core Competencies
14-03 D. Hess, P. Immenkoétter  How Much Is Too Much? Debt Capacity And Financial
Flexibility
14-02 C. Andres, M. Doumet, E.  The Lintner model revisited: Dividends versus total payouts
Fernau, E. Theissen
14-01 N.F. Carline, S. C. Linn, P. Corporate Governance and the Nature of Takeover Resistance
K. Yadav
2013
No. Author(s) Title
13-11 R. Baule, O. Korn, S. Which Beta is Best?
Sal3ning On the Information Content of Option-implied Betas
13-10 V. Agarwal, L. Ma, K. Managerial Multitasking in the Mutual Fund Industry
Mullally
13-09 M. J. Kamstra, L.A. Seasonal Asset Allocation: Evidence from
Kramer, M.D. Levi, R. Mutual Fund Flows
Wermers
13-08 F. Brinkmann, A. Kempf, Forward-Looking Measures of Higher-Order Dependencies
O. Korn with an Application to Portfolio Selection
13-07 G. Cici, S. Gibson, Market Transparency and the Marking Precision of Bond
Y. Gunduz, J.J. Merrick, Mutual Fund Managers
Jr.
13-06 S. Bethke, M. Gehde- Investor Sentiment, Flight-to-Quality, and Corporate Bond
Trapp, A. Kempf Comovement
13-05 P. Schuster, M. Trapp, A Heterogeneous Agents Equilibrium Model for
M. Uhrig-Homburg the Term Structure of Bond Market Liquidity
13-04 V. Agarwal, K. Mullally, Mandatory Portfolio Disclosure, Stock Liquidity, and Mutual
Y. Tang, B. Yang Fund Performance
13-03 V. Agarwal, V. Nanda, Institutional Investment and Intermediation in the Hedge Fund

S.Ray

Industry



13-02 C. Andres, A. Betzer, Open Market Share Repurchases in Germany: A Conditional
M. Doumet, E. Theissen Event Study Approach
13-01 J. Gaul, E. Theissen A Partially Linear Approach to Modelling the Dynamics of Spot
and Futures Price
2012
No. Author(s) Title
12-12 M. Gehde-Trapp, The liquidity premium in CDS transaction prices:
Y. Ginduz, J. Nasev Do frictions matter?
12-11 Y. Wu, R. Wermers, Governance and Shareholder Value in Delegated Portfolio
J. Zechner Management: The Case of Closed-End Funds
12-10 M. Trapp, C. Wewel Transatlantic Systemic Risk
12-09 G. Cici, A. Kempf, Do Financial Advisors Provide Tangible Benefits for Investors?
C. Sorhage Evidence from Tax-Motivated Mutual Fund Flows
12-08 S. Jank Changes in the composition of publicly traded firms:
Implications for the dividend-price ratio and return predictability
12-07 G. Cici, C. Rosenfeld The Investment Abilities of Mutual Fund Buy-Side Analysts
12-06 A. Kempf, A. Pltz, Fund Manager Duality: Impact on Performance and Investment
F. Sonnenburg Behavior
12-05 R. Wermers Runs on Money Market Mutual Funds
12-04 R. Wermers A matter of style: The causes and consequences of style drift
in institutional portfolios
12-02 C. Andres, E. Fernau, Should | Stay or Should | Go?
E. Theissen Former CEOs as Monitors
12-01 L. Andreu, A. Pltz Are Two Business Degrees Better Than One?
Evidence from Mutual Fund Managers' Education
2011
No. Author(s) Title
11-16 V. Agarwal, J.-P. Gbmez, Management Compensation and Market Timing under Portfolio
R. Priestley Constraints
11-15 T. Dimpfl, S. Jank Can Internet Search Queries Help to Predict Stock Market
Volatility?
11-14 P. Gomber, Liquidity Dynamics in an Electronic Open Limit Order Book:
U. Schweickert, An Event Study Approach
E. Theissen
11-13 D. Hess, S. Orbe Irrationality or Efficiency of Macroeconomic Survey Forecasts?
Implications from the Anchoring Bias Test
11-12 D. Hess, P. Immenkétter  Optimal Leverage, its Benefits, and the Business Cycle
11-11 . Heinrichs, D. Hess, Extended Dividend, Cash Flow and Residual Income Valuation

noz

. Sievers

. Homburg, M. Lorenz,

Models — Accounting for Deviations from Ideal Conditions



11-10 A. Kempf, O. Korn, Portfolio Optimization using Forward - Looking Information
S. Sal3ning
11-09 V. Agarwal, S. Ray Determinants and Implications of Fee Changes in the Hedge
Fund Industry
11-08 G. Cici, L.-F. Palacios On the Use of Options by Mutual Funds: Do They Know What
They Are Doing?
11-07 V. Agarwal, G. D. Gay, Performance inconsistency in mutual funds: An investigation of
L. Ling window-dressing behavior
11-06 N. Hautsch, D. Hess, The Impact of Macroeconomic News on Quote Adjustments,
D. Veredas Noise, and Informational Volatility
11-05 G. Cici The Prevalence of the Disposition Effect in Mutual Funds'
Trades
11-04 S. Jank Mutual Fund Flows, Expected Returns and the Real Economy
11-03 G.Fellner, E.Theissen Short Sale Constraints, Divergence of Opinion and Asset
Value: Evidence from the Laboratory
11-02 S.Jank Are There Disadvantaged Clienteles in Mutual Funds?
11-01 V. Agarwal, C. Meneghetti The Role of Hedge Funds as Primary Lenders
2010
No. Author(s) Title
10-20 G. Cici, S. Gibson, Missing the Marks? Dispersion in Corporate Bond Valuations
J.J. Merrick Jr. Across Mutual Funds
10-19 J. Hengelbrock, Market Response to Investor Sentiment
E. Theissen, C. Westheide
10-18 G. Cici, S. Gibson The Performance of Corporate-Bond Mutual Funds:
Evidence Based on Security-Level Holdings
10-17 D. Hess, D. Kreutzmann,  Projected Earnings Accuracy and the Profitability of Stock
O. Pucker Recommendations
10-16 S. Jank, M. Wedow Sturm und Drang in Money Market Funds: When Money
Market Funds Cease to Be Narrow
10-15 G. Cici, A. Kempf, A. The Valuation of Hedge Funds’ Equity Positions
Puetz
10-14 J. Grammig, S. Jank Creative Destruction and Asset Prices
10-13 S. Jank, M. Wedow Purchase and Redemption Decisions of Mutual Fund
Investors and the Role of Fund Families
10-12 S. Artmann, P. Finter, The Cross-Section of German Stock Returns
A. Kempf, S. Koch, New Data and New Evidence
E. Theissen
10-11 M. Chesney, A. Kempf The Value of Tradeability
10-10 S. Frey, P. Herbst The Influence of Buy-side Analysts on
Mutual Fund Trading
10-09 V. Agarwal, W. Jiang, Uncovering Hedge Fund Skill from the Portfolio Holdings They

Y. Tang, B. Yang

Hide



10-08 V. Agarwal, V. Fos, Inferring Reporting Biases in Hedge Fund Databases from
W. Jiang Hedge Fund Equity Holdings
10-07 V. Agarwal, G. Bakshi, Do Higher-Moment Equity Risks Explain Hedge Fund
J. Huij Returns?
10-06 J. Grammig, F. J. Peter Tell-Tale Tails: A data driven approach to estimate unique
market information shares
10-05 K. Drachter, A. Kempf Hohe, Struktur und Determinanten der Managervergiitung-
Eine Analyse der Fondsbranche in Deutschland
10-04 J. Fang, A. Kempf, Fund Manager Allocation
M. Trapp
10-03 P. Finter, A. Niessen- The Impact of Investor Sentiment on the German Stock Market
Ruenzi, S. Ruenzi
10-02 D. Hunter, E. Kandel, Mutual Fund Performance Evaluation with Active Peer
S. Kandel, R. Wermers Benchmarks
10-01 S. Artmann, P. Finter, Determinants of Expected Stock Returns: Large Sample
A. Kempf Evidence from the German Market
2009
No. Author(s) Title
09-17 E. Theissen Price Discovery in Spot and Futures Markets:
A Reconsideration
09-16 M. Trapp Trading the Bond-CDS Basis — The Role of Credit Risk
and Liquidity
09-15 A. Betzer, J. Gider, Strategic Trading and Trade Reporting by Corporate Insiders
D.Metzger, E. Theissen
09-14 A. Kempf, O. Korn, The Term Structure of Illiquidity Premia
M. Uhrig-Homburg
09-13 W. Bihler, M. Trapp Time-Varying Credit Risk and Liquidity Premia in Bond and
CDS Markets
09-12 W. Buhler, M. Trapp Explaining the Bond-CDS Basis — The Role of Credit Risk and
Liquidity
09-11 S. J. Taylor, P. K. Yadav, Cross-sectional analysis of risk-neutral skewness
Y. Zhang
09-10 A. Kempf, C. Merkle, Low Risk and High Return — Affective Attitudes and Stock
A. Niessen-Ruenzi Market Expectations
09-09 V. Fotak, V. Raman, Naked Short Selling: The Emperor's New Clothes?
P. K. Yadav
09-08 F. Bardong, S.M. Bartram, Informed Trading, Information Asymmetry and Pricing of
P.K. Yadav Information Risk: Empirical Evidence from the NYSE
09-07 S. J. Taylor, P. K. Yadav, The information content of implied volatilities and model-free
Y. Zhang volatility expectations: Evidence from options written on
individual stocks
09-06 S. Frey, P. Sandas The Impact of Iceberg Orders in Limit Order Books
09-05 H. Beltran-Lopez, P. Giot, Commonalities in the Order Book
J. Grammig
09-04 J. Fang, S. Ruenzi Rapid Trading bei deutschen Aktienfonds:

Evidenz aus einer gro3en deutschen Fondsgesellschaft


http://www.cfr-cologne.de/index.php?target=kopf&id=27

09-03 A. Banegas, B. Gillen, The Cross-Section of Conditional Mutual Fund Performance in
A. Timmermann, European Stock Markets
R. Wermers
09-02 J. Grammig, A. Schrimpf,  Long-Horizon Consumption Risk and the Cross-Section
M. Schuppli of Returns: New Tests and International Evidence
09-01 O. Korn, P. Koziol The Term Structure of Currency Hedge Ratios
2008
No. Author(s) Title
08-12 U. Bonenkamp, Fundamental Information in Technical Trading Strategies
C. Homburg, A. Kempf
08-11 O. Korn Risk Management with Default-risky Forwards
08-10 J. Grammig, F.J. Peter International Price Discovery in the Presence
of Market Microstructure Effects
08-09 C. M. Kuhnen, A. Niessen Public Opinion and Executive Compensation
08-08 A. Pltz, S. Ruenzi Overconfidence among Professional Investors: Evidence from
Mutual Fund Managers
08-07 P. Osthoff What matters to SRI investors?
08-06 A. Betzer, E. Theissen Sooner Or Later: Delays in Trade Reporting by Corporate
Insiders
08-05 P. Linge, E. Theissen Determinanten der Aktionérsprasenz auf
Hauptversammlungen deutscher Aktiengesellschaften
08-04 N. Hautsch, D. Hess, Price Adjustment to News with Uncertain Precision
C. Mller
08-03 D. Hess, H. Huang, How Do Commodity Futures Respond to Macroeconomic
A. Niessen News?
08-02 R. Chakrabarti, Corporate Governance in India
W. Megginson, P. Yadav
08-01 C. Andres, E. Theissen Setting a Fox to Keep the Geese - Does the Comply-or-Explain
Principle Work?
2007
No. Author(s) Title
07-16 M. Béar, A. Niessen, The Impact of Work Group Diversity on Performance:
S. Ruenzi Large Sample Evidence from the Mutual Fund Industry
07-15 A. Niessen, S. Ruenzi Political Connectedness and Firm Performance:
Evidence From Germany
07-14 O. Korn Hedging Price Risk when Payment Dates are Uncertain
07-13 A. Kempf, P. Osthoff SRI Funds: Nomen est Omen
07-12 J. Grammig, E. Theissen, Time and Price Impact of a Trade: A Structural Approach
O. Wuensche
07-11 V. Agarwal, J. R. Kale On the Relative Performance of Multi-Strategy and Funds of

Hedge Funds



07-10 M. Kasch-Haroutounian, Competition Between Exchanges: Euronext versus Xetra
. Theissen

E
07-09 V. Agarwal, N. D. Daniel, Do hedge funds manage their reported returns?
N

. Y. Naik
07-08 N. C. Brown, K. D. Wei, Analyst Recommendations, Mutual Fund Herding, and
R. Wermers Overreaction in Stock Prices
07-07 A. Betzer, E. Theissen Insider Trading and Corporate Governance:
The Case of Germany
07-06 V. Agarwal, L. Wang Transaction Costs and Value Premium
07-05 J. Grammig, A. Schrimpf  Asset Pricing with a Reference Level of Consumption:

New Evidence from the Cross-Section of Stock Returns

07-04 V. Agarwal, N.M. Boyson, Hedge Funds for retail investors?

N.Y. Naik An examination of hedged mutual funds
07-03 D. Hess, A. Niessen The Early News Catches the Attention:
On the Relative Price Impact of Similar Economic Indicators
07-02 A. Kempf, S. Ruenzi, Employment Risk, Compensation Incentives and Managerial
T. Thiele Risk Taking - Evidence from the Mutual Fund Industry -

07-01 M. Hagemeister, A. Kempf CAPM und erwartete Renditen: Eine Untersuchung auf Basis
der Erwartung von Marktteilnehmern

2006

No. Author(s) Title

06-13 S. Celjo-Hérhager, How do Self-fulfilling Prophecies affect Financial Ratings? - An
A. Niessen experimental study

06-12 R. Wermers, Y. Wu, Portfolio Performance, Discount Dynamics, and the Turnover
J. Zechner of Closed-End Fund Managers

06-11 U. v. Lilienfeld-Toal, Why Managers Hold Shares of Their Firm: An Empirical
S. Ruenzi Analysis

06-10 A. Kempf, P. Osthoff The Effect of Socially Responsible Investing on Portfolio

Performance

06-09 R. Wermers, T. Yao, Extracting Stock Selection Information from Mutual Fund

J. Zhao holdings: An Efficient Aggregation Approach

06-08 M. Hoffmann, B. Kempa The Poole Analysis in the New Open Economy
Macroeconomic Framework

06-07 K. Drachter, A. Kempf, Decision Processes in German Mutual Fund Companies:
M. Wagner Evidence from a Telephone Survey

06-06 J.P. Krahnen, F.A. Investment Performance and Market Share: A Study of the
Schmid, E. Theissen German Mutual Fund Industry

06-05 S. Ber, S. Ruenazi On the Usability of Synthetic Measures of Mutual Fund Net-

Flows

06-04 A. Kempf, D. Mayston Liquidity Commonality Beyond Best Prices

06-03 O. Korn, C. Koziol Bond Portfolio Optimization: A Risk-Return Approach

06-02 O. Scaillet, L. Barras, R. False Discoveries in Mutual Fund Performance: Measuring
Wermers Luck in Estimated Alphas

06-01 A. Niessen, S. Ruenzi Sex Matters: Gender Differences in a Professional Setting



2005

No. Author(s) Title
05-16 E. Theissen An Analysis of Private Investors” Stock Market Return
Forecasts
05-15 T. Foucault, S. Moinas, Does Anonymity Matter in Electronic Limit Order Markets
E. Theissen
05-14 R. Kosowski, Can Mutual Fund ,Stars” Really Pick Stocks?
A. Timmermann, New Evidence from a Bootstrap Analysis
R. Wermers, H. White
05-13 D. Avramov, R. Wermers  Investing in Mutual Funds when Returns are Predictable
05-12 K. Griese, A. Kempf Liquiditatsdynamik am deutschen Aktienmarkt
05-11 S. Ber, A. Kempf, Determinanten der Mittelzufliisse bei deutschen Aktienfonds
S. Ruenzi
05-10 M. Béar, A. Kempf, Is a Team Different From the Sum of Its Parts?
S. Ruenzi Evidence from Mutual Fund Managers
05-09 M. Hoffmann Saving, Investment and the Net Foreign Asset Position
05-08 S. Ruenazi Mutual Fund Growth in Standard and Specialist Market
Segments
05-07 A. Kempf, S. Ruenzi Status Quo Bias and the Number of Alternatives - An Empirical
lllustration from the Mutual Fund Industry
05-06 J. Grammig, E. Theissen Is Best Really Better? Internalization of Orders in an Open
Limit Order Book
05-05 H. Beltran-Lopez, J. Limit order books and trade informativeness
Grammig, A.J. Menkveld
05-04 M. Hoffmann Compensating Wages under different Exchange rate Regimes
05-03 M. Hoffmann Fixed versus Flexible Exchange Rates: Evidence from
Developing Countries
05-02 A. Kempf, C. Memmel Estimating the Global Minimum Variance Portfolio
05-01 S. Frey, J. Grammig Liquidity supply and adverse selection in a pure limit order
book market
2004
No. Author(s) Title
04-10 N. Hautsch, D. Hess Bayesian Learning in Financial Markets — Testing for the
Relevance of Information Precision in Price Discovery
04-09 A. Kempf, K. Kreuzberg Portfolio Disclosure, Portfolio Selection and Mutual Fund
Performance Evaluation
04-08 N.F. Carline, S.C. Linn, Operating performance changes associated with corporate
P.K. Yadav mergers and the role of corporate governance
04-07 J.J. Merrick, Jr., N.Y. Naik, Strategic Trading Behaviour and Price Distortion in a
P.K. Yadav Manipulated Market: Anatomy of a Squeeze
04-06 N.Y. Naik, P.K. Yadav Trading Costs of Public Investors with Obligatory and

Voluntary Market-Making: Evidence from Market Reforms



04-05

04-04

04-03

04-02
04-01

A. Kempf, S. Ruenzi

V. Agarwal, N.D. Daniel,
N.Y. Naik

V. Agarwal, W.H. Fung,
J.C. Loon, N.Y. Naik

A. Kempf, S. Ruenzi

I. Chowdhury, M.
Hoffmann, A. Schabert

Family Matters: Rankings Within Fund Families and
Fund Inflows

Role of Managerial Incentives and Discretion in Hedge Fund
Performance

Risk and Return in Convertible Arbitrage:
Evidence from the Convertible Bond Market

Tournaments in Mutual Fund Families

Inflation Dynamics and the Cost Channel of Monetary
Transmission


http://www.cfr-cologne.de/koepfe/ft_chowdhury.html

entre fo nancial research
fr/untve ogne
LBertus-magnus-ele

50923 one
21-470-6
Fax +49(0)221-470-3
kempf@cfr-cologne.d
www.cfr-cologne.de




