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The Term Structure of Illiquidity Premia

Abstract

This paper investigates the term structure of bond market illiquidity premia.
We empirically show that the term structure varies greatly over time. More-
over, short and long end are strictly separated suggesting that different eco-
nomic factors drive different parts of the term structure. We propose a stylized
theoretical model which implies that the short end is driven by current trad-
ing needs of investors and the long end by the long-term risk of being forced
to liquidate bond positions. Empirical evidence supports these predictions.
While short-term liquidation risk captured by asset market volatilities drives

the short end, the long end depends on the long-term economic outlook.

JEL classification: G12, G13



I Introduction

Liquidity is one of the most important attributes of bond markets. Several
papers show that both, level of liquidity and liquidity risk, have a strong
impact on bond prices leading to higher yields for less liquid bonds (for a
survey, see Amihud, Mendelson, and Pedersen 2005). Although the existence
of the illiquidity premium is beyond doubt, it is still unclear how this premium

depends on the maturity of the bond.

Understanding the term structure of illiquidity premia is an important task
for several reasons. (i) Since a bond’s maturity deterministically changes over
time, investors are forced to consider maturity-specific illiquidity premia within
dynamic trading strategies for single bonds. This is obvious when looking at
the well-documented on-the-run/off-the-run cycle, but holds more generally.
(i) If illiquidity premia depend on time to maturity, investors’ portfolio choice
problems are strongly affected.! (iii) There are also implications for the man-
agement of liquidity risk. If illiquidity premia for different maturities are driven
by different risk factors, appropriate hedging instruments differ accordingly

across maturities.

Our paper contributes in two ways to a better understanding of the term
structure of illiquidity premia. Our first contribution is to provide insights into
the dynamics of the term structure of bond market illiquidity premia using an
ideally suited data set. The illiquidity premium is typically hard to measure
because bond yields are jointly driven by three main factors: risk-free rate,
default premium, and illiquidity premium. To separate the effects of the risk-
free rate, the default premium, and the illiquidity premium on bond yields, we
use the zero-coupon bond yield difference between two bond market segments:
German government bonds (BUNDs) and German Pfandbriefe. These bond
market segments only differ with respect to their degree of liquidity. Thus, the

!Garleanu (2009) provides a theoretical analysis of portfolio choice problems in illiquid

markets and shows that the liquidity level indeed has a strong impact on asset holdings.



yield difference reflects the illiquidity premium of the Pfandbrief market as
compared to the BUND market for bonds of different maturities, i.e., the term
structure of illiquidity premia. Using this data set, we show that the shape of
the term structure varies heavily over time. There are periods of increasing
term structures, but also periods in which the term structure is flat or even
decreasing. We also document a strict separation between the short end and
the long end of the term structure of illiquidity premia. The correlation is
almost zero and we find no spill-over effects across different maturities. This
result suggests that different economic factors drive different parts of the term

structure.

Our second main contribution is to identify economic factors which determine
level and form of the term structure of illiquidity premia. We propose a styl-
ized theoretical model which is, nevertheless, flexible enough to capture the
observed dynamics of the term structure of illiquidity premia. The economic
rationale of the model is straightforward. The term structure of illiquidity
premia is determined by the investors’ demand for liquidity. This demand is
driven by the risk of being forced to sell bonds. If the current risk is unusually
high in comparison with the expected risk in the long run, the expected per
period trading costs of short-term bonds are higher than those of long-term
bonds and the term structure of illiquidity premia is downward sloping. The
opposite is true if the current liquidation risk is below its long-run mean. The
model has two main implications: (i) The long end of the term structure is
determined by the long-term liquidation risk of the investor whereas the short
end is driven by her current trading needs. (ii) The influence of long-term
risk increases with the time to maturity of the bond whereas the influence of
the short-term risk decreases. In the empirical part of the paper we provide
support for both hypotheses: While the short end of the term structure of
illiquidity premia is driven by short-term liquidation risk captured by asset
market volatilities, the long end depends on the long-term economic outlook.

The short-term liquidation risk becomes more important for the illiquidity



premium the shorter the maturity of a bond is. Economic prospects, however,

gain importance for bonds with longer maturities.

Our paper is related to several strands of the literature. The theoretical part of
our paper contributes to the scarce literature on how illiquidity premia should
behave across maturities. Ericsson and Renault (2006) propose a stylized ver-
sion of a search market model that predicts a decreasing term structure of
illiquidity premia. Bond holders suffer from random liquidity shocks forcing
them to sell the bond prior to maturity at a discount. However, the shape is
mainly driven by the possibility of selling voluntarily under favorable condi-
tions. This option renders future liquidity shocks less important and leads to
illiquidity premia that decrease with time to maturity. Koziol and Sauerbier
(2007) apply Longstaff’s (1995) idea that the liquidity advantage equals the
payoff of a lookback option to bond markets. Their model predicts a humped-
shaped term structure of illiquidity premia. For very short maturities the
disadvantage from a temporary trading restriction is virtually irrelevant but
it increases with time to maturity. The subsequent decrease occurs because
the temporary trading restrictions become relatively less important when ma-
turity goes to infinity. Whereas these models allow only for one specific form
of the term structure, our model is flexible enough to capture the variation of
the term structure over time. It traces the form of the term structure back to
the liquidation risk faced by the investor. Our model complements the recent
search-based model by Feldhiitter (2011) which also allows for different shapes
of the term structure, but traces them back to search costs and occasional

selling pressure.

Related empirical literature provides evidence on illiquidity premia for differ-
ent bond market segments. First, there is the burgeoning literature on default-
risky bonds such as the recent corporate bond studies of Longstaff, Mithal, and
Neis (2005), Houweling, Mentink, and Vorst (2005), Lui, Longstaff, and Man-
dell (2006), Chen, Lesmond, and Wei (2007), De Jong and Driessen (2007),
Van Landschoot (2008), Dieck-Nielsen, Feldhiitter, and Lando (2009) and oth-



ers. They typically have to rely on rather strong assumptions to separate
credit risk from liquidity risk.? In contrast, our data allows for a much cleaner
test of the effects of illiquidity on bond yields. Second, there is a literature
concentrating on essentially risk-free bonds using predominantly U.S. Treasury
securities.® Different studies compare liquid Treasury Bills with more illiquid
Treasury Notes (e.g., Amihud and Mendelson 1991, Kamara 1994) and liquid
on-the-run Treasuries with more illiquid off-the-run Treasuries (e.g., Warga
1992, Krishnamurthy 2002, Goldreich, Hanke, and Nath 2005). In contrast to
our study, they do not focus on the entire term structure of illiquidity pre-

4 Koziol

mia. Evidence on the term structure of illiquidity premia is scarce.
and Sauerbier (2007) test their theoretical model, but the empirical evidence
is weak. Longstaff (2004) looks at yield differences between Treasuries and
Refcorp bonds. He finds a U-shaped term structure, but his results are based
on only six long-term Refcorp bonds. In contrast to these papers we study the
dynamic linkage between different parts of the term structure using a large

sample of bonds varying only with respect to liquidity and identify maturity-

specific determinants of illiquidity premia.

The remaining part of the paper is organized as follows: Section II provides
information on our data set. First results on the shape and dynamics of the
term structure of illiquidity premia are provided in Section III. Section IV
deals with the economic determinants of the term structure. Here, we present
a stylized model of the term structure of illiquidity premia, test its main im-

plications, and check the robustness of our findings. Section V concludes the

2This separation is also a crucial step in the empirical studies on the Euro-Area bond
market by Beber, Brand, and Kavajecz (2009) or the study on municipal bonds by Wang,

Wu, and Zhang (2008).
3See also the studies on the Japanese market by Boudouck and Whitelaw (1993) or the

more recent study on the Spanish Treasury bond market by Diaz, Merrick, and Navarro

(2006).
4In an interesting study, Goyenko, Subrahmanyam, and Ukhov (2008) discuss term struc-

ture effects of bond market liquidity based on bid-ask spreads. However, they do not analyze

illiquidity premia.



paper.

II Data

Our study is based on German bond data. We focus on government bonds
(BUNDSs) and Pfandbriefe which are the most important segments within
the German bond market. In 2007 BUNDs account for about 33% of bonds
outstanding and Pfandbriefe have a market share of about 25%.

Similar to the role of US treasuries in the US bond market, BUNDs are the
benchmarks for euro-denominated fixed income products with a high level of
liquidity in the secondary market. They play an important role as an under-
lying in derivatives markets, their credit risk is negligible, and they are seen

as a “safe haven” in times of financial crises.

The second segment with systemic importance for the German financial sys-
tem are German Pfandbriefe. Pfandbriefe have a benchmark role in the cov-
ered bond market. They are covered by first rank residential and commercial
mortgages (Mortgage Pfandbriefe) or claims against the public-sector (Public
Pfandbriefe). Pfandbriefe are highly regulated to ensure timely payment as
well as bankruptcy-remoteness; i.e., Pfandbrief investors will not suffer any
untimely repayments or redemption, even if the issuing bank goes into liqui-
dation.® In contrast to US and UK secured mortgages, the underlying loans
stay on the balance sheet of the mortgage bank. There is no prepayment risk

involved since the prepayment of a loan secured by a mortgage is excluded.

®There are several safeguarding mechanisms in place: (i) Banks must fulfill special re-
quirements to obtain a licence for doing Pfandbrief business and they are subject to cover
audits and permanent supervision beyond the general banking supervision. (ii) The deter-
mination of the quality and size of the cover assets is subject to conservative guidelines
including elements such as mandatory overcollateralization. (iii) Pfandbrief investors have

priority access to the cover assets in the event of insolvency. See Mastroeni (2001).
6See Peterson (2008) for a description of the differences between Pfandbriefe and US and

UK asset-backed securities.



Altogether, the German Pfandbrief is considered to be the safest debt instru-
ment in the private market and until today there has not been a single case of

default.

With respect to interest rate, credit risk, and tax treatment, Pfandbriefe are
identical to BUNDs. The standard format is plain vanilla fixed coupon. The
issues cover the whole range of maturities from very short-term bonds up to
30 year issues. Currently the prevalent maturity of new issues is about seven
years, the average maturity of outstanding bonds around five years. Although
some effort has been made to enhance liquidity characteristics in the Pfandbrief
market, the Pfandbrief market is still much less liquid than the BUND market.
The average issue size in the BUND market is more than forty times as large
as in the Pfandbrief market and even for the Jumbo Pfandbrief segment which
consists of the largest Pfandbriefe, the average issue size is only one quarter
and the turnover ratio in the secondary market is less than half as high as in
the BUND market.” Thus, Pfandbriefe are much less liquid than BUNDs and
the Pfandbrief-BUND spread largely compensates for differences in liquidity.

We get term structure data from Deutsche Bundesbank. Monthly term struc-
ture estimates for the BUND market are available from January 1972 on. These
are based on the cross section of prices of all government bonds (Bundesanlei-
hen, Bundesobligationen and Bundesschatzanweisungen) with remaining times
to maturity of at least three months. Analogous term structure estimates for
the Pfandbrief market are available from the year 2000 onwards. Therefore,
our research period starts in January 2000. As the end of the data period, we

choose May 2007, which excludes the period of the subprime crisis.®

To condense the term structure information we use the Nelson and Siegel

(1987) approach. It allows us to characterize the entire term structure through

"See Mastroeni (2001) for estimates of the turnover ratio.
8We use a non-crisis sample since we believe that this period allows a better understanding

of the general factors driving the term structure of illiquidity premia. We check for the

robustness of our results during the crisis in Section IV.C.



four parameters only (5o, Bit, Oor, 7). Within the Nelson-Siegel framework, a
zero bond yield at time t for time to maturity 7 is given as

1—e T/im l—e T/
] ot {7 T/m (1)

yi(T) = Bor + Pue {W T/ —e

The Nelson-Siegel parameters can be interpreted in terms of a factor represen-
tation. By, P, and [y are the factors and 7 affects the factor loadings. To
estimate the parameters for the BUND and the Pfandbrief market, we select
end of month yields with maturities of 3 and 6 months and 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, 13, 14, and 15 years for each market from the Bundesbank
data. Following standard practice as in Nelson and Siegel (1987) and Diebold
and Li (2006), we restrict 7; to be constant over time and, furthermore, to
be identical in the BUND market and the Pfandbrief market. This assump-
tion implies that factor loadings are the same in both markets and that the
magnitude of the factors can be directly compared. Estimation is carried out
by minimizing the sum of squared yield differences over all selected maturities
and both markets. This procedure leads to a mean absolute fitting error of
1.9 bp for the BUND market and 3.5 bp for the Pfandbrief market across the
selected maturities. Fitting errors are higher at the very short end and the
very long end of the term structure and somehow lower in the medium range.
For the BUND market, we obtain mean absolute fitting errors of 4.2 bp, 1.8 bp
and 2.6 bp for maturities of three months, five years and 15 years, respectively.
For the Pfandbrief market, the corresponding fitting errors are 7.9 bp, 2.5 bp
and 4.6 bp.

The estimation procedure delivers monthly parameter estimates for the BUND

market (B5Y, BEY, and 35Y) and for the Pfandbrief market (8LF, B5F, and
1) as well as an overall estimate of 7 = 2.017. The latter estimate implies

a maximum factor loading of the (s factor at about four years to maturity.

The factors are closely related to different segments of the term structure. Sy

determines the level of the long end of the term structure. Therefore, we call



Bo¢ the long-term factor. [y, is a slope factor that characterizes the difference
between short-term and long-term yields. (y; + (31; determines the short end of
the term structure. Therefore, we call Gy + (1; the short-term factor. (o is a
shape factor that mainly drives medium-term yields. Due to the hump-shaped
form of the corresponding factor loading, a positive value of (3; moves the
term structure towards a hump shape and a negative value towards a U-shape.
The development of the estimated long-term factor (y, the short-term factor
B0 + (1, and the shape factor 35 for the BUND and the Pfandbrief market is

shown in Figure 1.
[ Insert Figure 1 about here |

Figure 1 shows that the two markets are clearly linked and the factors move
closely together. However, there are differences between the factors of the two
markets. The short-term factor and the long-term factor of the Pfandbrief
segment are always above the respective factors of the Government segment,
indicating a positive illiquidity premium at the short end and the long end of
the term structure of illiquidity premia. The shape factor of the Pfandbrief
segment is below that of the BUND segment most of the time, leading to a

reduction of the illiquidity premium for medium-term maturities.

III Dynamics of the Term Structure

Given the parameter estimates for the two market segments, the term structure

of illiquidity premia is easily obtained. The parameters Long; = 35" — B5Y,

Short, = BEF — BBV + LY — BBV and Shape;, = LY — pEY are the long-term
factor, the short-term factor, and the shape factor of the term structure of
illiquidity premia, respectively. The long-term (short-term) factor measures
the illiquidity premium at the long (short) end of the term structure and the

shape factor affects predominantly the medium-term illiquidity premium.



As a first indication of the level and slope of the term structure of illiquidity
premia, we calculate the average premia of 1-year bonds and 15-years bonds
over all months in the data period. The resulting premia are 29 bp and 40 bp

respectively, which implies an average slope of 11 bp.

To get a more detailed view on the evolution of the term structure, we present
the term structures for each month in Figure 2. The figure clearly indicates a

strong variation in the level and in the form of the term structure.

[ Insert Figure 2 about here |

We observe increasing term structures of illiquidity premia, decreasing ones,
U-shaped curves, and occasionally hump-shaped ones. The illiquidity premia

are positive at all times for all maturities, but the level varies greatly.

[liquidity premia at the short and at the long end seem to vary over time
in different ways. This phenomenon becomes more evident in Figure 3 which
shows the development of the short-term premium (Short;) and the long-term

premium (Long;).

[ Insert Figure 3 about here |

Figure 3 shows that there are periods where the illiquidity premium at the long
end is above the one at the short end (for example, August 2004 to February
2006). In contrast, from February to December 2003 investors seem to seek
liquidity at the short end. Almost identical spreads at the long end and the
short end are observed, for example, between September 2001 and October
2002. The correlation between short-term and long-term illiquidity premia is

very low (0.08) and not significantly different from zero.

In the following, we focus on the dynamic linkage between the short-term,
long-term, and shape factor. There might be spillover effects, as documented

by Goyenko, Subrahmanyam, and Ukhov (2008). For US government bonds,

10



they show that liquidity shocks at the short end of the term structure are trans-
mitted to medium-term and longer maturities in later periods. To investigate
whether similar lead-lag effects exist for our illiquidity premia, we estimate an

unrestricted VAR-model.

2
Short; = ag+ Z (af’SShortt_i + af g, Shape;—; + af}lLongt_i) +€, (2)
i=1

2
Shape, = o+ Z (afﬁS hort,_; + ai’}nShapet,i + aff}Longt,i) + e (3)
i=1

2
Long, = alo + Z (aﬁySShortt_i + aﬁyshShapet_i + ozﬁ’lLongt_i) + ei, (4)
i=1

where €, €, and € denote error terms. The superscripts s, sh, and [ stand for
short, shape, and long, respectively. The VAR-model is specified in levels to
capture possible level relations between the three factors. Information criteria
(AIC and SIC) suggest a lag length of one. As we want to allow for a potential
influence of past changes in illiquidity premia, a lag length of two is chosen.

Estimation results are presented in Table 1.
[ Insert Table 1 about here |

Table 1 provides no evidence for a dynamic interaction between the different

segments of the term structure of illiquidity premia.’

The short-term pre-
mium is exclusively determined by past short-term premia and the long-term
premium exclusively by past long-term premia. The estimated correlation
(-0.17) between the error terms € and € is low and not statistically signifi-

cant. These findings suggest a separation between the short end and the long

end of the term structure of illiquidity premia. Such a separation is confirmed

9 A possible reason for this finding is that a monthly data frequency might not be sufficient

to identify such a transmission mechanism.
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by the impulse response functions derived from the VAR-model. For example,
a one-standard-deviation shock in the short-term premium (about 9 bp) leads
to a response in the long-term premium of at most only 2 bp over the following

months.

IV  Economic Drivers of the Term Structure

The descriptive empirical results derived thus far pose a challenge to existing
theories. The term structures are hardly ever humped-shaped as predicted
from the models of Longstaff (1995) and Koziol and Sauerbier (2007) nor are
they always decreasing as implied by Ericsson’s and Renault’s (2006) stylized
search market model. Therefore, we suggest a new stylized model which is
flexible enough to capture the dynamics observed. It helps to understand why
the term structures of illiquidity premia vary over time and why the short end

and the long end behave so differently.

A Stylized Model

Consider a default-free pure discount bond paying one unit at maturity 7'
This bond is illiquid in the sense that trading the bond causes trading costs.
The bond is held by risk-neutral investors who face random liquidity shocks,
as in Ericsson and Renault (2006) or He and Xiong (2010). If a liquidity shock
occurs at time ¢, the bond owner has to sell the bond and to pay the trading
costs ¢;. We assume that the trading costs are a constant fraction ¢ of an

otherwise identical but perfectly liquid bond b%4(¢, T):
co=cb(t,T)=ce T, (5)

where r denotes the risk-free interest rate. We take this assumption since we
do not want to induce a specific term structure directly through bond-specific

trading costs. Below, we will show that our assumption makes ¢ a pure scaling

12



parameter within our term structure of illiquidity premia.

After the trade, the new holder of the bond might also face a random liquidity
shock which would force her to sell to yet another investor. Therefore, the
current price b (0, T) reflects the expected total trading costs that current

and future bondholders have to pay until maturity:

VU0, T) = e ™ (1 — Eo(C)). (6)

Ey(C) is the time T value of the total trading costs expected at time zero. To
calculate Ey(C'), we assume that liquidity shocks can occur at discrete points
in time ¢t = 1,2,...,T. The probability for a shock at time ¢ is denoted by ¢;.
The probabilities ¢;,t = 1,...,T, are random variables from the perspective
of time zero, and the current probability qq is known. The time 7" value of the

expected total trading costs is given as

T

Ey(C) = Z "¢, Bo(qr) = CZ Eo(qr)- (7)

t=1 t=1

We assume that ¢, follows a discrete-time first-order autoregressive process

(¢ —q) = al@-1—q) + e, (8)

where ¢ is the long-term mean and 1 > a > 0 denotes the corresponding mean-
reversion parameter. €, is a zero-mean random variable. Given the process (8),

the expected value of ¢; is

Eo(q:) = (1 = a")q + o'qo, (9)
and the time 7" value of the expected total trading costs results in

Ey(C) = ¢ [(Z(l - at>) 7+ (Z at) qo] . (10)

t=1
Obviously, compared to an otherwise identical, but perfectly liquid bond, the
price discount of the illiquid bond is e"TEy(C). The resulting return pre-

13



mium due to illiquidity, premium(0,T), is the difference between the yield to

maturities of the illiquid and the liquid bond:

premium(0.7) = —POOT)  —n(b"(0, 1))

T T
_ —in(1— B(C)
B T
. E(C)
ToT
= (i i(l —(xt)> q+ (lioﬁ> q0] . (11)
= r=

For different maturity dates 7', equation (11) describes the term structure of

illiquidity premia.

The trading costs parameter ¢ is a pure scaling factor of the term structure
reflecting the liquidity difference between liquid and illiquid bonds with iden-
tical maturity. Since ¢ does not depend on time to maturity, the functional
form of the term structure is not driven by maturity dependent liquidity dif-
ferences between the markets. The functional form is solely determined by
the maturity dependent liquidity demand of investors which is reflected in the
bracket term in equation (11). For all maturities, the illiquidity premium is
a weighted sum of the current probability ¢y of facing a liquidity shock and
the long-term probability ¢. The higher the probabilities of a shock, the more
valuable liquidity and the higher the illiquidity premium is. The weights of the
current (qp) and the long-term probability (¢) depend on the bond maturity
T.

At the long end of the term structure of illiquidity premia (7' — o0), the
premium converges to c¢q, i.e., the long-term risk of facing a liquidity shock
drives the long end of the term structure. In contrast, the short end (7" — 0) is
solely determined by the current risk of facing a liquidity shock. The premium

converges to ¢ qy at the short end.

For the middle part of the term structure, the relation between time to ma-

14



turity of a bond and the weight of the long-term risk depends on the mean
reversion parameter «. The smaller «, the more quickly the probability that
a shock occurs, ¢, reverts to the long-term probability ¢ and, therefore, the
more important the long-term probability is. If there is an immediate mean
reversion (a = 0), only the long-term probability matters and the illiquidity
spread is ¢q. In contrast, only the current probability matters if there is no
mean reversion at all (¢« — 1 ). For 0 < a < 1 the long-term probability is
more important the longer the maturity of a bond is. This property follows
immediately from the fact that %Zthl a'! is strictly decreasing in T. Thus,
the term structure of illiquidity premia can be flat (gy = q), strictly increasing

(o < q), or strictly decreasing (go > q).

Summing up, our stylized demand based model offers a simple mechanism that
explains why the term structure of liquidity premia varies over time and why
the short and long end behave so differently. The short end is driven by the
short-term risk of facing a liquidity shock, whereas a long-term risk of future
trading needs determines the long end of the term structure. For the middle
part of the term structure, the short- and the long-term risk matter, with
the respective weights depending on the maturity of the bond. The longer

(shorter) the maturity, the more important the long-(short-)term risk is.

B Empirical Results

In this section we empirically analyze economic factors driving the term struc-
ture of illiquidity premia. Our model provides assistance in selecting appropri-
ate variables. The model makes two main predictions: (i) The long end of the
term structure is determined by the long-term liquidation risk of the investor
whereas the short end is driven by her current trading needs. (ii) The influence
of long-term risk increases with the time to maturity of the bond whereas the

influence of the short-term risk decreases.

We proxy the long-term liquidation risk of investors by their expectations

15



about the future economic situation. The rationale is as follows: If the eco-
nomic outlook deteriorates, it becomes more likely that the investor will get
into financial difficulty in the future which might force her to sell her assets.
We capture the economic outlook by the Ifo Business Climate index. This in-
dex is the most prominent indicator of the business climate in Germany. It is
based on the survey responses of about 7,000 German firms and is published on
a monthly basis by the Ifo Institute. The index consists of two parts, the first
one concerning the firms’ assessments of the current business situation and the
second one concerning their expectations about the future situation. To stress
the forward-looking aspect, we concentrate on the second component, the ex-
pectations index Ifo FExp, measuring how confident firms are regarding their
future business situation. The index is widely accepted as a reliable leading

indicator.

We use financial market volatility as our proxy for short-term trading needs.
The basic economic idea is that in periods when there is a lot of information
flowing into the market and, consequently, volatility is high, forced portfolio
revisions become more likely. We take two measures of volatility as explana-
tory variables in our empirical model. The first one, BondVola, captures the
volatility of the bond market. We use the daily yields of a 1-year govern-
ment bond and take its standard deviation within a month as our measure
BondVola. In addition, we include a measure of stock market volatility since
there are trading strategies that involve stock and bond markets at the same
time. Our proxy for stock market volatility, StockVola, is the VDAX-NEW,
the benchmark volatility index of the German stock market. It is based on
implied volatilities of options on futures on the German stock market index
DAX30, which are traded on EUREX. The VDAX-NEW refers to an option’s
time to maturity of 30 days and is provided by Deutsche Borse Group. We

use end of month values for our study.

In addition, we use a set of control variables which might have an impact on the

illiquidity premia. A first variable controls for a changing liquidity difference
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between the BUND and the Pfandbrief market over time. We measure market
liquidity by the volume of recently issued bonds.!® Focussing on recently issued
bonds is sensible since trading typically concentrates in on-the-run bonds as
shown by Goldreich, Hanke, and Nath (2005) among others. To capture the
liquidity difference between the two markets, we calculate the ratio of the
volume issued in the Pfandbrief market and the total volume issued in both
markets (Pfandbrief plus BUND) over the previous six months. We construct
separate measures for three different maturity ranges (< 2 years, 2 — 9 years,
> 9 years) which roughly capture the short end, the middle range, and the
long end of the term structure. We call them Ratio®"*™*, Ratio™¥“™ and

Ratio'™9, respectively. The data source is Deutsche Bundesbank.

Selling or buying pressure from abroad might influence the Pfandbrief-BUND
spread since it might hit the two markets in different ways. To control for this
possible effect, we use the net investment of foreign investors in the German
bond market, Foreign, as an additional control variable. It is measured in
trillions of Euros. We take data on net investments of foreign investors from

the monthly financial market statistics of Deutsche Bundesbank.

Furthermore, we control for a possible convenience yield in the BUNDs.!!
At the short end, collateral borrowing rates are used. We proxy the short-
term convenience yield (C'Yield*"™) as the yield difference between the three-
months overnight index swap rate (I0OS) and the corresponding BUND yield.
To measure medium- and long-term convenience yields we focus on bonds
with cheapest-to-deliver status (CTD bonds) in the 5-Years Euro Bobl and
10-Years Furo Bunds Futures. We proxy the respective convenience yield
(CYieldmedvm CYield' ™) as the average yield of the two bonds with matu-

rities closest to the CTD maturity (one below, one above) minus the yield of

0For example, Krishnamurthy and Vissing-Jorgensen (2010) highlight the impact of the

Treasury supply on yield spreads.
Reasons for a convenience yield from holding government bonds are discussed e.g. in

Feldhiitter and Lando (2008).
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the CTD bond.

We also control for credit risk. Although both, BUNDs and Pfandbriefe, are
effectively free of default risk, there might be a perception in the market that
Pfandbriefe carry some credit risk. If this is the case, the Pfandbrief-BUND
spread would not be entirely liquidity driven. We take the spread between the
Bloomberg EUR Eurozone index of financial AA+/AA bond yields and the
Bloomberg EUR Eurozone index of financial BBB bond yields as our proxy for
credit risk.'? This spread measure captures the dynamics of credit risk over
time. At the short end we take a maturity of one year (Credit*"°™). In the
middle part of the term structure we take values for five years (Credit™edvm).
Since there are no values available for ten years, we also take values for five
years at the long end (Credit'® = Credit™¥™). End of month values are

used throughout.

Finally, we leave the lagged values of the illiquidity factors as control variables
in our model to capture dynamic interactions. Since unreported results from
unit roots tests provide no clear evidence about the stationarity of the factors,

we could otherwise obtain spurious regression results.?

Table 2 provides summary statistics of our explanatory variables. Since the
Bloomberg Eurozone financial indexes are not available before October 2001,

our data period runs from October 2001 to May 2007.
[ Insert Table 2 about here |

The daily yield volatility in the bond market is about 5.5 bp for a typical

month, and the average annualized stock market volatility about 25 percent.

12We consider the spread between two segments of the corporate bond market and not
a spread between either corporate bonds and BUNDs or corporate bonds and Pfandbriefe
because in the latter cases the spread would also depend on liquidity differences between

corporate bonds, BUNDs, and Pfandbriefe.
13See Granger and Newbold (1974). Sims, Stock, and Watson (1990) show that a lagged

endogenous variable in the regression ensures that the asymptotic distribution of the regres-

sion coefficients of the exogenous variables maintains its standard form.
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The economic outlook (Ifo Ezp) is on average slightly below the neutral value
of 100. The ratio of issue size shows that the issuer in the Pfandbrief market
typically chooses short- to medium-term maturities whereas the Bund clearly
dominates in the long-term maturities. The net investment of foreigners fluctu-
ates around zero with a mean of 106 billion Euros net inflows. On average, our
convenience yield proxies are close to zero for medium- and long-term bonds,
but positive (4 bp) at the short end. The credit spreads vary remarkably dur-
ing the research period. The average values are about 60 and 80 basis points,

respectively.

To examine the impact of the explanatory variables on the illiquidity premia,
we extend our previous VAR-model to a VAR-model with additional exogenous
variables (VARX-model). We estimate one equation for each factor of the term

structure of illiquidity premia.

Short, = 5+ viBondVola, + v;StockVola, + 3 IfoExp, + ijatiothrt

+7: Foreign, +75CYield:"™ + ~sCredit; (12)

2
+ Z (af ;Short,_; + of . Shape,_; + of | Long,_;) + €;,
i=1

Shape; = ygh + v$h BondV ola; 4 75" StockV ola, + vgh IfoExp, + ~vi" Ratiof"*dm™

+’y§hF oreign; + ’yghCYieldI”edi“m + ’y?hCTedit;”edwm (13)

2
+ Z ((xff;Shortt,i + (xff;hShapet,i + oS Long,—;) + €,
i=1

Long, = ~b+ + BondVola, +~LStockVola, + ~LIfoExp, + ' Ratio"

+1t Foreign, + ACYield™™ + ALCreditl™™ (14)

2
+ Z (ai~’85hortt_z~ + aéashShapet_i + oziylLongt_i) + €.

i=1

Our regression results for the period from October 2001 to May 2007 are
provided in Table 3.
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[ Insert Table 3 about here |

Table 3 shows that the illiquidity premia are mainly driven by the uncertainty
the investor faces. The higher the uncertainty, the higher the illiquidity pre-
mia. However, different types of risk drive the different segments of the term
structure. The short-term premium is driven by short-term trading needs as
proxied by the volatility in the financial markets. In contrast, the long-term
illiquidity premium is determined by the expectations about the future eco-

nomic situation.

In the regression equation of the short-term premium, we see a positive and
significant impact of the bond market volatility and the stock market volatility.
Higher risks in the bond market and the stock market lead to higher illiquidity
premia at the short end. To illustrate the magnitude of the volatility effects,
we consider a simultaneous positive shock of one standard deviation in bond
market and stock market volatility. In response to such a shock, the illiquidity
premium increases by about 5 bp. This is about 15 percent of the average

spread at the short end of the spread curve.

The illiquidity premium at the long end of the term structure is mainly driven
by the Ifo index. A higher index level (which indicates a positive business
outlook) leads to a lower illiquidity premium; i.e., the corresponding coefficient
is negative. If the Ifo index increases by one standard deviation, the long-term
illiquidity premium decreases by almost 5 bp, about twelve percent of the

average long-term premium.

When looking at the control variables, we see that the ratio of recently issued
bonds is insignificant for all three factors. Possibly, market participants do not
re-evaluate their notion of liquidity differences between BUND and Pfandbrief
regularly over time but have a rather static view. In this case, differences in
issue size show up only in the constants. In fact, the positive and significant
constant at the long end of the term structure is consistent with a much higher

issue size of long-term BUNDs compared to Pfandbriefe.
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The net demand of foreign investors, the convenience yield variable and the
credit variable are never significant. Therefore, we have no evidence that
spreads between the Pfandbrief and the BUND market are driven by a con-
venience yield of the BUNDs, credit risk or buying or selling pressure of for-
eigners. Finally, lagged factors are significant at the short end of the term

structure, which indicates the persistence of illiquidity premia over time.

Overall, our results suggest that different slopes of the term structure of the
illiquidity premia reflect different regimes of short- and long-term liquidation
risk. For example, if financial market volatility is low (leading to low short-
term trading needs) and the economic outlook is bad (leading to high long-
term trading risk), we would expect an upward sloping liquidity spread curve.
Conversely, a downward sloping curve would result from high current volatility
and a good economic outlook. Therefore, the findings thus far support the first

main implication of our model.

We now turn to the second prediction of the model and analyze whether the
impact of the short-term (long-term) liquidation risk on the illiquidity premium
is the larger, the shorter (longer) the maturity of the bond is. We run regression
models like equations (12) to (14) with maturity-specific illiquidity premia as
dependent variables. Table 4 provides the corresponding results for maturities

between one month and 15 years.
[ Insert Table 4 about here |

The results suggest a smooth transition from short-term to medium- and long-
term premia. Financial market volatility becomes the more important for the
illiquidity premium the shorter the maturity of a bond. Longer-term economic
prospects, however, gain importance for bonds with longer maturities. The
results for the 1-month’s premium and the 15-years’ premium closely resemble
the results for the short-term factor and the long-term factor. Thus, our
empirical results also support the second main implication of the our stylized

model.
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C Robustness

In this section, we conduct robustness checks in which we use different input

data and an extended research period including the financial crisis.

One objection could be that the Nelson-Siegel framework affects the empiri-
cal results through its smoothing effect. We check this issue by re-doing the
analysis based on the yield spreads from the original Bundesbank data. More
specifically, we pick three points on the BUND and the Pfandbrief yield curves,
calculate 3-months, 5-years, and 15-years yield spreads, and run the VARX-
model based on these yield spreads. The results are reported in Table 5.

[ Insert Table 5 about here |

The results documented in Table 5 are very similar to those shown in Table 3:
The short-term premium is driven by the volatility in the financial markets
while the economic outlook as measured by the Ifo expectations index is sig-
nificant when it comes to explaining the long-term illiquidity premium. Again,
none of the control variables is significant. Lagged yield spreads are significant
at the short end and at the long end of the term structure and, again, we find
no spill-over effects from the short end to the long end. Thus, our main results

are not affected by using the Nelson-Siegel framework.

As a second robustness check, we consider an extended data sample including
the financial crisis. The financial crisis that began in summer 2007 has been a
major disruption for many financial markets and the way investors perceive the
risks they face. We re-estimate the VARX-model using data up to December
2010. The results are given in Table 6.

[ Insert Table 6 about here |

Table 6 shows that the separation between short-term and long-term premia
remains unchanged. Furthermore we find that the short end of the term struc-

ture is still driven by financial market volatility. However, only the bond
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market volatility remains significant. Two control variables are now signif-
icant at the short end: the net demand of foreign investors and the proxy
for the convenience yield. Both effects are highly sensible. In crisis-periods,
a flight-to-liquidity phenomenon is well documented which should lead to a
strong buying pressure in BUNDs.!* This is reflected in the positive impact of

the convenience yield proxy and the net foreign investment.

Short-term volatility negatively affects the shape factor. Although not very
intuitive at first sight, a reason might be that the term structure of illiquidity
premia is strongly downward-sloping and convex during the crisis. Thus, times
of high market uncertainty coincide with illiquidity premia for medium-term
bonds that are below average (of short- and long-term premia) leading to the

negative effect observed.

At the long end, only the lagged factor is highly significant, which indicates
the persistence of premia over time. The Ifo expectations index has the same

sign as before, but it is no longer significant at conventional levels.

Note that the results are strongly affected by extreme events during the crisis.
If we take, for example, the extreme market situation of September 2008 out of
the sample, all control variables become insignificant and the significant nega-
tive impact of volatility on the shape also vanishes. This highlights the impact
of extreme events on the results and suggests that the pre-crisis period allows
for a better understanding of the general factors driving the term structure of

illiquidity premia.

V Conclusions

The German bond market offers a unique testing ground for liquidity studies:
Essentially default-free bonds that only differ with respect to their liquidity are

traded along the entire maturity spectrum. In this paper, we take advantage

14See e. g. Beber, Brand, and Kavajecz (2009).
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of this situation to examine the term structure of illiquidity premia. In a novel
empirical approach, we compare the spread between yields of the liquid BUND
market and the relatively less liquid Pfandbrief market for bonds of different
maturities. This spread reflects the illiquidity premium of the Pfandbrief mar-
ket as compared to the BUND market for bonds of different maturities, i.e.,

the term structure of illiquidity premia.

Our empirical analysis of the dynamics of the term structure of illiquidity pre-
mia over time delivers several novel findings: The term structure of illiquidity
premia is not constant over time - neither with respect to its level nor to its
shape. We observe increasing term structures, but also flat or decreasing term
structures resulting from a changing economic environment.The short end and
the long end of the term structure of illiquidity premia are strictly separated,
i.e., we find no significant correlation or spill-over effects. This result suggests
that different economic factors drive different parts of the term structure. We
propose a stylized theoretical model which is able to capture the dynamics
of the term structure. In this model, the illiquidity premia are determined
by trading needs of investors. The model predicts that the long end of the
term structure is determined by the long-term liquidation risk of the investor
whereas the short end is driven by her current trading needs. The influence
of long-term risk increases with the time to maturity of the bond whereas the
influence of the short-term risk decreases. The data provide strong support for
both hypotheses: While the short end of the term structure of illiquidity premia
is driven by short-term liquidation risk captured by asset market volatilities,
the long end depends on the long-term economic outlook. The short-term lig-
uidation risk becomes more important for the illiquidity premium the shorter
the maturity of a bond is. Economic prospects, however, gain importance for

bonds with longer maturities.

24



References

Amihud, Y., and H. Mendelson. “Liquidity, maturity, and the yield on US
treasury securities.” Journal of Finance 46, (1991), 1411-1425.

Amihud, Y., H. Mendelson, and L. H. Pedersen. “Liquidity and asset prices.”
Foundations and Trends in Finance 1, (2005), 269-364.

Beber, A.;, M. W. Brandt, and K. A. Kavajecz. “Flight-to-quality or flight-
to-liquidity”? Evidence from the Euro-area bond market.” The Review of
Financial Studies 22, (2009), 925-957.

Boudouck, J., and R. Whitelaw. “Liquidity as a Choice Variable: A Lesson
from the Japanese Government Bond Market.” Review of Financial Studies 6,
(1993), 265-292.

Diaz, A., J. Merrick, and E. Navarro. “Spanish Treasury bond market liquidity
and volatility pre- and post-European Monetary Union.” Journal of Banking
and Finance 30, (2006), 1309-1332.

Chen, L., D. A. Lesmond, and J. Wei. “Corporate yield spreads and bond
liquidity.” Journal of Finance 62, (2007), 119-149.

De Jong, F., and J. Driessen. (2007) “Liquidity risk premia in corporate bond
markets.” Working Paper, Tilburg University.

Dick-Nielsen, J., P. Feldhiitter, and D. Lando. (2009) “Corporate bond lig-
uidity before and after the onset of the subprime crisis.” Working Paper,

Copenhagen Business School.

Diebold, F. X.; and C. Li. “Forecasting the term structure of government bond
yields.” Journal of Econometrics 130, (2006), 337-364.

Ericsson, J., and O. Renault. “Liquidity and credit risk.” Journal of Finance
61, (2006), 2219-2250.

Feldhiitter, P. (2011)“The Same Bond at Different Prices: Identifying Search

Frictions and Selling Pressures.” Review of Financial Studies, forthcoming.

Feldhiitter, P., and D. Lando. “Decomposing Swap Spreads.” Journal of
Financial Economics 80, (2008), 375-405.

Garleanu, N. “Portfolio choice and pricing in illiquid markets.” Journal of

25



Economic Theory 144, (2009), 532-564.

Goldreich, D., B. Hanke, and P. Nath. “The price of future liquidity: Time-
varying liquidity in the U.S. treasury market.” Review of Finance 9, (2005),
1-32.

Goyenko, R., A. Subrahmanyam, and A. Ukhov. (2008) “The term structure of
bond market liquidity and its implications for expected bond returns.” Journal

of Financial and Quantitative Analysis, forthcoming.

Granger, C. W. J., and P. Newbold. “Spurious regression in econometrics.”
Journal of Econometrics 2, (1974), 111-120.

He, Z., and W. Xiong. (2010) “Rollover Risk and Credit Risk.” NBER Work-
ing Paper.

Houweling, P., A. Mentink, and T. Vorst. “Comparing possible proxies of
corporate bond liquidity.” Journal of Banking and Finance 29, (2005), 1331—
1358.

Kamara, A. “Liquidity, taxes, and short-term treasury yields.” Journal of
Financial and Quantitative Analysis 29, (1994), 403-417.

Koziol, C., and P. Sauerbier. “Valuation of bond illiquidity: An option-
theoretical approach.” Journal of Fized Income 16, (2007), 81-107.

Krishnamurthy, A. “The Bond/Old-Bond Spread.” Journal of Financial Eco-
nomics 66, (2002), 463-506.

Krishnamurthy, A., and A. Vissing-Jorgensen. (2010) “The Aggregate De-
mand for Treasury Debt.” Working Paper.
Liu, J., F. A. Longstaff, and R. Mandell. “The market price of risk in interest

7

rate swaps: The roles of default and liquidity risks.” Journal of Business 79,

(2006), 2337-2360.

Longstaff, F. A. “How much can marketability affect security values?” Journal
of Finance 50, (1995), 1767-1774.

Longstaff, F. A. “The flight-to-liquidity premium in US treasury bond prices.”
Journal of Business 77, (2004), 511-526.

Longstaff, F. A., S. Mithal, and E. Neis. “Corporate yield spreads: Default

risk or liquidity? New evidence from the credit-default swap market.” Journal

26



of Finance 60, (2005), 2213-2253.

Mastroeni, O. “Pfandbrief-style products in Europe.” BIS Papers No 5, (2001),
44-66.

Nelson, C., and A. Siegel. “Parsimonious modelling of yield curves.” Journal
of Business 60, (1987), 473-498.

Newey, W., and K. West. “A simple positive semi-definite, heteroscedasticity
and autocorrelation consistent covariance matrix.” Fconometrica 55, (1987),
703-708.

Peterson, C. (2008), “Over-indebtedness, predatory lending, and the interna-
tional political economy of residential home mortgage securitization: Com-
paring the U.S. subprime home mortgage lending crisis to home finance in

Y

the United Kingdom, Germany, and Japan.” Working Paper, S.J. Quinney

College of Law.

Sims, C. A., J. H. Stock, and M. W. Watson. “Inference in linear time series

models with some unit root.” Econometrica 58, (1990), 113-144.

Van Landschoot, A. “Determinants of yield spread dynamics: Euro versus US
dollar corporate bonds.” Journal of Banking and Finance 32, (2008), 2597—
2605.

Wang, J., Ch. Wu, and F. Zhang. “Liquidity, default, taxes, and yields on
municipal bonds.” Journal of Banking and Finance 32, (2008), 1133-1149.

Warga, A. “Bond returns, liquidity, and missing data.” Journal of Financial
and Quantitative Analysis 27, (1992), 605-617.

27



Table 1: Joint dynamics of illiquidity premia: VAR(2)-model.

| Short(t) | Shape(t) | Long(t) |

Constant 0.0507% | 0.1640 0.0030
(0.0341) | (0.1493) | (0.0565)
Short(t—1) || 0.5963%% | -0.8460% | 0.2278
(0.0991) | (0.4519) | (0.1440)
Short(t—2) || 0.2314%% | 0.2115 -0.1191
(0.0591) | (0.5103) | (0.1166)
Shape(t —1) || -0.0010 0.1259 0.0215
(0.0329) | (0.1188) | (0.0400)
Shape(t —2) || 0.0175 0.0250 0.0092
(0.0305) | (0.1150) | (0.0290)

Long(t—1) || 0.0081 -0.0725 05647+
(0.0947) | (0.3185) | (0.1276)

Long(t—2) || 0.0168 | -0.8737%% | 0.3770%*
(0.0838) | (0.3301) | (0.1017)

R 0.62 0.37 0.75

Significant at * 5% level, ** 1% level.

This table shows the results for the VAR(2)-model as shown in equations (2) - (4) of the
main text. Long(t) = BLF — BEY, Short(t) = LY — pEY + LY — BBV, and Shape(t) =

IF — BBU are the long-term factor, the short-term factor, and the shape factor of the term
structure of illiquidity premia, respectively. The data period is January 2000 to May 2007
(87 observations). Standard errors of the coefficients are given in parentheses. They are

based on Newey and West’s (1987) covariance matrix estimator with ten lags.
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Table 2: Summary statistics of potential drivers of illiquidity premia.

Standard
Mean | Deviation | Minimum | Median | Maximum
BondVola 0.0554 0.0229 0.0182 0.0508 0.1247
StockV ola 24.50 11.51 12.32 19.85 60.03

IfoFExp 97.40 4.63 87.90 97.25 105.40
Ratio®hort 0.4995 0.2055 0.1695 0.4610 1.0000
Ratiomedivm 0.5980 0.0473 0.5033 0.5673 0.7103
Ratio'omd 0.1946 0.0596 0.0850 0.1874 0.3182
Foreign 0.0106 0.0112 -0.0152 0.0107 0.0323
CYieldshort 0.0424 0.0552 -0.0935 0.0358 0.1570
CYield™ @™ |1 _0.0018 0.0195 -0.0415 | -0.0045 0.0310
CYield™d -0.0011 0.0205 -0.0475 | -0.0035 0.1000
Creditshort 0.5943 0.4344 0.0760 0.5703 2.5663
Credit™edwm || (.7904 0.5681 0.2308 0.5989 3.8584

This table shows summary statistics of potential drivers of illiquidity premia. BondVola cap-
tures the volatility of the bond market. It is calculated as the standard deviation of the daily
yields (in percentage points) of a l-year government bond within a month. StockVola is the
end of month value of the VDAX-NEW, the benchmark volatility index of the German stock
market. Ifo Fxp is the value of the Ifo business expectations index. Ratio is defined as the ratio
of the volume issued in the Pfandbrief market and the total volume issued in both markets
(Pfandbrief plus BUND) over the previous six months. We construct separate measures for
short-term bonds (< 2 years), medium-term bonds (2 — 9 years), and long-term bonds (> 9
years). Foreign is the net investment of foreign investors in the German bond market and
measured in trillions of Euros. C'Yield refers to the convenience yield of government bonds. At
the short end, it is captured by the yield difference between the three-months overnight index
swap rate (IOS) and the corresponding BUND yield. In the medium- and long-term maturity
range, we focus on bonds with cheapest-to-deliver status in the 5-Years Euro Bobl and 10-Years
Euro Bunds Futures. We proxy the respective convenience yields as the average yield of the
two bonds with nearest maturities (one below, one above the CTD) minus the yield of the
cheapest-to-deliver bond. Credit is the spread between the Bloomberg EUR Eurozone index
of financial AA+/AA bond yields and the Bloomberg EUR Eurozone index of financial BBB
bond yields, measured in percentage points. The short-term spread refers to bonds with a time
to maturity of one year. The medium-term spread refers to 5-years bonds. The data period is
October 2001 to May 2007 (68 observations).
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Table 3: Drivers of illiquidity premia: VARX-model.

| Short(t) | Shape(t) | Long(t) |
Constant -0.3034 0.0271 1.2432%
(0.4092) | (1.6550) | (0.5033)
BondVola 0.7693* -1.5919 0.5662
(0.3047) | (2.8184) | (0.6457)
StockVola 0.0025* 0.0057 -0.0015
(0.0010) | (0.0066) | (0.0017)

IfoEzp 0.0022 0.0049 -0.0101*
(0.0035) | (0.0152) | (0.0043)

Ratio -0.0571 -0.2667 0.0285
(0.0563) | (1.2901) | (0.2502)

Foreign -0.1163 -0.7714 0.1834
(1.0475) | (3.9941) | (1.4540)

CYield 0.5587 -3.2519 | -0.3054
(0.3592) | (2.8735) | (0.6324)

Credit 0.0110 -0.0565 0.0035

(0.0116) | (0.0928) | (0.0336)
Short(t —1) || 0.5340%F | -0.8036 | -0.0134
(0.1130) | (0.5804) | (0.1321)
Short(t — 2) 0.1900 0.0675 -0.1301
(0.0084) | (0.6399) | (0.1655)
Shape(t — 1) 0.0502 0.0827 -0.0459
(0.0276) | (0.1404) | (0.0463)
Shape(t — 2) 0.0624 0.0219 -0.0338
(0.0323) | (0.1551) | (0.0374)
Long(t — 1) 0.1693 -0.3911 0.2202
(0.1143) | (0.3785) | (0.1175)
Long(t—2) | 0.18%0 | -0.9236 | 0.1257
(0.1325) | (0.5321) | (0.1256)
R? 0.79 0.30 0.45
Significant at * 5% level, ** 1% level.

This table shows the results for the VARX-model as shown in equations (12) - (14) of the
main text. Long(t) = B5LE — BEY, Short(t) = LY — pEY + pHE — BEY, and Shape(t) =

1 — BBY are the long-term factor, the short-term factor, and the shape factor of the term
structure of illiquidity premia, respectively. The exogenous variables are defined as in Table
2. The data period is October 2001 to May 2007 (68 observations). Standard errors of the
coefficients are given in parentheses. They are based on Newey and West’s (1987) covariance
matrix estimator with ten lags.
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Table 4: Drivers of illiquidity premia for different maturities.

1l-month | 3-months | 6-months | 1-year 5-years 10-years 15-years
premium | premium | premium | premium | premium | premium premium

Constant || -0.2867 | -0.2526 | -0.2000 | -0.0920 | 0.8132 | 0.9804%F | 1.0678"*
(0.3827) | (0.3343) | (0.2727) | (0.1882) | (0.4390) | (0.2687) | (0.2786)

BondVola | 0.6753% | 05021 | 0.2760 | -0.0733 | 0.1523 0.2743 0.3642
(0.3036) | (0.3335) | (0.4180) | (0.5955) | (0.7276) | (0.6353) | (0.5767)
StockVola | 0.0024* | 0.0023* | 0.0021*% | 0.0018 | 0.0015 0.0002 -0.0003

(0.0010) | (0.0009) | (0.0009) | (0.0009) | (0.0012) | (0.0008) | (0.0008)
IfoExp | 0.0022 | 0.0021 | 0.0019 | 0.0014 | -0.0050 | -0.0073%F | -0.0082%F
(0.0033) | (0.0029) | (0.0023) | (0.0016) | (0.0035) | 0.0028 (0.0027)

Ratio -0.0328 | 0.0020 | 0.0475 | 0.1186 | -0.1400 | -0.0576 -0.0319
(0.0551) | (0.0549) | (0.0585) | (0.0709) | (0.2843) | (0.1441) | (0.1654)

Foreign || 0.1280 | 0.1520 | 0.1813 | 0.2243 | 0.0289 0.1323 0.1492
(0.9758) | (0.8481) | (0.6942) | (0.5131) | (0.6268) | (0.6929) | (0.8924)

ConvYield || 0.5608 | 0.5625 | 0.5596 | 0.5386* | -0.6758 | -0.2158 -0.2434
(0.3395) | (0.3046) | (0.2627) | (0.2112) | 0.5707 | (0.3989) | (0.4461)

Credit 0.0109 | 0.0107 | 0.0101 | 0.0087 | -0.0092 | -0.0133 -0.0082
(0.0105) | (0.0095) | (0.0104) | (0.0152) | (0.0082) | (0.0090) | (0.0157)

R 0.80 0.81 0.79 0.63 0.12 0.24 0.38

Significant at * 5% level, ** 1% level.

This table shows the results of a regression model similar to equations (12) - (14). In contrast to equations (12) - (14), the endogenous variable is now the illiquidity
premium for bonds of a fixed maturity. We look at illiquidity premia for maturities between one month and fifteen years. The exogenous variables are defined
as in Table 2. We use the ratio based on short-term bonds (< 2 years) as an explanatory variable for the 1-month, 3-months, 6-months, and 1-year premia, the
ratio based on medium-term bonds (2 — 9 years) for the 5-year premia, and the ratio based on long-term bonds (> 9 years) for the 10-years and 15-years premia.
Similarly, we use the short-term convenience yield and credit variables for the 1-month, 3-months, 6-months and 1-year premia. The medium-term convenience
yield and credit variables are used for the maturity of five years and the long-term convenience yield variable for the 10-years and 15-years maturity. Because of the
lack of a long-term credit variable, the medium-term variable is also used for the 10-years and 15-years premia. In addition, we include two lagged values of each
illiquidity factor. Coefficients of the lagged illiquidity factors are not reported. The data period is October 2001 to May 2007 (68 observations). Standard errors of
the coefficients are given in parentheses. They are based on Newey and West’s (1987) covariance matrix estimator with ten lags.



Table 5: Robustness check: VARX-model estimated with yield spreads from

the original data.

Short(t) | Medium(t) | Long(t)

Constant 0.3810 1.1139* 1.1368*
(0.5559) (0.5315) (0.5129)

BondVola 1.2163* 0.2315 0.3117
(0.4869) (0.7075) (0.5969)

StockV ola 0.0015 0.0003 -0.0017
(0.0011) (0.0010) (0.0010)
IfoFExp -0.0035 -0.0077 -0.0090*
(0.0049) (0.0040) (0.0044)

Ratio 0.0131 -0.0712 -0.1151
(0.0728) (0.3544) (0.2244)

Foreign -0.7795 0.0124 0.8951
(1.3459) (0.7037) (1.1951)

ConvYield 0.1898 -0.7879 -0.1709
(0.3887) (0.5351) (0.4145)

Credit 0.0132 -0.0065 0.0117
(0.0145) (0.0072) (0.0118)

Short(t — 1) 0.5073** 0.0675 0.1252
(0.0969) (0.1053) (0.1012)

Short(t — 2) 0.1174 -0.0679 -0.0946
(0.1109) (0.1539) (0.0992)

Medium(t — 1) 0.0525 0.0224 -0.3846**

(0.1013) (0.1058) (0.1405)

Medium(t — 2) 0.1404 0.1053 -0.1028
(0.1101) (0.1606) (0.1264)

Long(t — 1) -0.0181 -0.0152 0.5810**

(0.1519) (0.1241) (0.0848)

Long(t — 2) -0.1664 -0.3489** 0.0811
(0.1282) (0.1206) (0.1164)

R? 0.84 0.22 0.52

Significant at * 5% level, ** 1% level.

This table shows the results for a VARX-model similar to the one shown in equations (12)
- (14) of the main text. Short(t) refers to the 3-months yield spread, Medium(t) to the
5-years yield spread and Long(t) to the 15-years yield spread. The exogenous variables
are defined as in Table 2. The data period is October 2001 to May 2007. However, the
data points which refer to June 2004 and December 2005 are excluded because of data
errors. Therefore, the results are obtained from 62 usable observations. Standard errors
of the coefficients are given in parentheses. They are based on Newey and West’s (1987)
covariance matrix estimator with ten lags.
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Table 6: Robustness check: VARX-model for an extended data sample includ-
ing the financial crisis.

| Short(t) | Shape(t) | Long(t) |
Constant 0.5210 -0.1787 -0.2976
(0.3162) | (1.7917) | (0.7473)
BondVola 1.5691* -8.8819* 0.3376
(0.6448) | (4.2307) | (0.4183)

StockVola || -0.0013 0.0061 0.0002
(0.0021) | (0.0061) | (0.0017)

I foExp -0.0047 | 0.0046 0.0036
(0.0030) | (0.0162) | (0.0068)

Ratio 0.0796 | -0.6136 0.1402
(0.0868) | (0.7256) | (0.2741)

Foreign 1.8218%*% | 1.3414 0.0711
(0.6394) | (3.3660) | (0.9862)

ConvYield || 1.2963** | 0.1907 | -1.1660
(0.0765) | (1.9173) | (0.6924)

Credit -0.1036 | -0.0742 0.0357
(0.0615) | (0.1092) | (0.0490)

Short(t—1) || 0.6362%% | 0.1472 | -0.0959
(0.0659) | (0.3932) | (0.0693)

Short(t—2) || 0.0261% | 0.4281 0.1198

(0.0579) | (0.2255) | (0.0613)
Shape(t — 1) 0.0999** 0.2837** | -0.0023
(0.0332) | (0.0915) | (0.0308)
Shape(t —2) || 00152 | 01198 | 0.0247
(0.0341) | (0.0931) | (0.0281)
Long(t — 1) 0.0188 -0.4354 0.5178%*
(0.1111) | (0.4231) | (0.1114)
Long(t—2) | 0.0853 | 02870 | 0.1556
(0.1313) | (0.4488) | (0.1246)
R? 0.95 0.43 0.43

Significant at * 5% level, ** 1% level.

This table shows the results for the VARX-model as shown in equations (12) - (14) of the
main text. Long(t) = B5LE — BEY, Short(t) = LY — pEY + pHE — BEY, and Shape(t) =
BEE — BBU are the long-term factor, the short-term factor, and the shape factor of the term
structure of illiquidity premia, respectively. The exogenous variables are defined as in Table
2. The data period is an extended one that reaches from October 2001 to December 2010
(111 observations). Standard errors of the coefficients are given in parentheses. They are
based on Newey and West’s (1987) covariance matrix estimator with ten lags.
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This figure shows the development of the term structure factors over time. The solid lines
depict the factors for the BUND market and the dashed lines the factors for the Pfandbrief
market. Part A provides the estimates of the long-term factors (5y;), Part B the ones for the
short-term factors (Go: + (1:) and Part C the ones for the shape factors (f2;). Estimation
was carried out by minimizing the sum of squared yield differences according to equation
(1) for end of month yields with maturities of 3 and 6 months and 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, and 15 years for each market. The data period is January 2000 to May

2007.

Figure 1: Term structure factors.
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Figure 2: Term structures of illiquidity premia.

This figure shows the development of the term structure of illiquidity premia over time. The illiquidity premium for a particular maturity is
calculated as the difference between the corresponding yields of Pfandbriefe and BUNDs, as obtained from the Nelson-Siegel curves. These
curves use a common parameter value of 7 = 2.017, which is the least squares estimate. Maturities of up to 15 years are considered. The data
period is January 2000 to May 2007.
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Figure 3: Short-term and long-term illiquidity premia.

This figure shows the development of the short-term and the long-term illiquidity premia over
time. The dark line depicts the short-term illiquidity premium, which equals the difference
between the short-term factors for the Pfandbrief market and the BUND market (8{;F —

BU 4 BEF — BBU). The light line provides the long-term illiquidity premium, which equals
the difference between the long-term factors for the two markets (84;F — B5Y). The data

period is January 2000 to May 2007.
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