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Abstract

Liquidity provision for corporate bonds has become significantly more expensive
after the 2008 crisis. Using index exclusions as a natural experiment during
which uninformed index trackers request immediacy, we find that the cost of
immediacy has more than doubled. In addition, the supply of immediacy has
become more elastic with respect to its price. Consistent with a stringent
regulatory environment incentivizing smaller dealer inventories, we also find
that dealers revert deviations from their target inventory more quickly after
the crisis. Finally, we investigate the pricing impact of information, changes in
ownership structure, and differences between bank and non-bank dealers.

Keywords: Dealer inventory; bond index; market making; transaction costs; Dodd-Frank.
JEL: C23; G12

*We are grateful to Itay Goldstein (the editor) and two anonymous referees for their helpful feed-
back and suggestions. We also thank Jennie Bai, Jack Bao, Darrell Duffie, Peter Feldhiitter, Thierry
Foucault, Jean Helwege, Charles Himmelberg, Soeren Hvidkjaer, David Krein, David Lando, Mads
Stenbo Nielsen, Lasse Heje Pedersen, Christophe Perignon, Jonathan Sokobin, Chester Spatt, Ilya
Strebulaev, Erik Thiessen, Kumar Venkataraman, Avi Wohl, and participants in the Fixed Income
Conference 2012, MFA conference 2012, FINRA /Columbia conference 2015, 2016 4Nations cup, Cor-
porate bond workshop 2016, Financial Econometrics and Empirical Asset Pricing Conference 2016,
MIT GCFP conference 2016, Notre Dame conference on financial regulation 2016, 14th Paris De-
cember Finance Meeting 2016, AFA conference 2017, Macro Financial Modelling Conference 2018,
and SEC, FCA, Danish CFA, CBS, SMU, Texas A&M, Notre Dame, Heriot-Watt University, and
Helsinki Aalto seminars for their helpful comments. Special thanks to Jonathan Sokobin (FINRA)
for providing the transaction data and to Charles Himmelberg (Goldman Sachs) for providing the ag-
gregate corporate bond inventory data. The paper won 2nd prize in the 2012 SPIVA awards and 1st
place in the 2016 4Nations cup. Jens Dick-Nielsen gratefully acknowledges support from the FRIC
Center for Financial Frictions (grant no. DNRF102). Send correspondence to Jens Dick-Nielsen at
jdn.fi@cbs.dk, or to Marco Rossi at mrossi@tamu.edu.



1 Introduction

Liquidity entails transacting at a fair price and on short notice. Low bid-ask spreads
may indicate transactions take place near a fair price, but they tell little about the
speed of execution. Unlike brokers who simply match customers, dealers provide
immediacy by using their inventories.! Since the onset of the 2008 crisis, aggregate
corporate bond inventories have shrunk by more than 50% (Figure 1a), while bonds
outstanding have almost doubled.? Shrinking inventories amid a growing bond market
suggest that providing immediacy has become harder, but because we rarely observe
expensive trades requiring immediacy, focusing on realized transactions understates
liquidity costs.®> An unconditional analysis of transaction costs is particulary prob-
lematic if traders anticipate or experience significant changes in market structure and
regulatory framework during the sample period. In the spirit of the Lucas (1976) cri-
tique, regulations increasing the cost of immediacy may induce market participants
to optimally, albeit reluctantly, adjust their trading behavior.

The main contribution of this study is to quantify the cost of immediacy for cor-
porate bonds in a trading environment that circumvents the Lucas (1976) critique.
We identify trades in which the motive to obtain immediacy is so strong that lig-
uidity seekers do not orchestrate alternative trading arrangements. Furthermore,
these trades reveal no information about the fundamental value of the assets traded.
Specifically, we compute liquidity costs around exclusions from the Barclay Capital
investment-grade corporate bond index. In this natural experiment, index trackers

(the sellers) request immediacy from dealers (the buyers) in order to minimize their

1See Garman (1976); Stoll (1978); Amihud and Mendelson (1980); Ho and Stoll (1981).

2See, for example, the 2017 SIFMA Fact Book.

3For instance, Trebbi and Xiao (2018); Adrian, Fleming, Shachar, and Vogt (2015); Bessembinder,
Jacobsen, Maxwell, and Venkataraman (2018) find that realized trading costs have improved.



tracking error. Moreover, mechanical index rules, not fundamentals, dictate the de-
cision to trade, thus ensuring that the dealer’s pricing reflects the cost of providing
immediacy, rather than the adverse selection problem of dealing with informed traders
(Easley and O’hara, 1987).

We show that the price of immediacy has more than doubled since before the
2008 crisis. Our empirical analysis also shows that the price elasticity of the supply
of immediacy has increased significantly after the crisis. This increase in elasticity is
indicative of higher market making cost, which translates into higher average transac-
tion costs, thus providing support for standard theories of market maker inventories.
For safe bonds, which are quickly turned over again by dealers, the cost of immedi-
acy has approximately doubled, while for more risky bonds, the cost has more than
tripled.

We infer the cost of immediacy by computing a dealer-specific abnormal bond
return. We do this by defining an intertemporal bid-ask spread which is based on the
percentage difference between the post-exclusion ask price and the pre-exclusion bid
price. This measure captures the essence of the dealer’s role, who uses her inventory to
absorb the selling pressure generated by the index trackers unloading their positions,
and then resells the bonds to restore the desired level of inventory. These dealer
returns point to the conclusion that the cost of providing immediacy has increased in
the post-crisis, low-inventory regime.

Before measuring transaction costs around index exclusions, we verify that these
exclusions are indeed events during which index trackers request immediacy. Our
analysis reveals that the traded volume of bonds exiting the index peaks during the
day of the exclusion, and it is at least four to five times higher than in the weeks
surrounding the exclusion. The peak in trading volume is consistent with index

trackers attempting to minimize their tracking errors by trading close to the index



exclusion date.? Back-of-the-envelope calculations indeed show that reluctance to
trade away from the exclusion date results in a hidden cost of indexing® for final
investors of approximately 34 bps annually.

Having established the existence of a demand for immediacy, we verify that dealers
absorb the resulting selling pressure and thus provide such immediacy. Dividing
the sample into three sub-periods shows that dealer behavior has changed after the
crisis. Our analysis of the cumulative change in inventories demonstrates that dealers’
willingness to hold the bonds in their inventories has declined in the post-crisis, low-
inventory regime. While before (and even during) the crisis dealers kept a large share
of bonds downgraded out of the index for at least one hundred days, after the crisis
the inventories return to near pre-exclusion levels within approximately 20 trading
days. More formally, we estimate dealer-specific inventory mean reversion parameters
following Madhavan and Smidt (1993), and find that after the 2008 crisis dealers are
less willing to tolerate deviations from their desired level of inventory. The estimated
inventory half-life significantly decreases from before to during, and from during to
after the crisis. These findings suggest an increase in inventory costs of market makers.

We conclude our empirical analysis by exploring several potential channels leading
to a higher price of immediacy. First, using institutional bond holdings, we document
an increased role of mutual funds in the corporate bond space. We find that both
insurance companies and mutual funds are net sellers around the exclusions, a change
of behavior for mutual funds which used to trade in the same direction as dealers
before the crisis. We control for these demand shifts in our multivariate analysis
and find that, while important, these shifts do not affect the conclusion that dealers’

supply elasticity is higher after the crisis. Second, we control for contemporaneous

4Blume and Edelen (2004) show that stock index trackers display a similar behavior.
®See also Chen, Noronha, and Singal (2006), Petajisto (2011) and Pedersen (2018) on this cost.



new information potentially affecting bond prices and find that it does not impact
earlier conclusions. Third, we test a set of predictions based on search models which
suggest that the increase in the cost of immediacy is consistent with an increase in
inventory holding costs and not driven by an increase in dealer market power.

In addition to contributing to the literature on corporate bond liquidity, this paper
occupies a natural place in the literature connecting regulations to financial market
efficiency. The debate on the repercussions of the Dodd-Frank act on the financial sys-
tem offers positions that view the regulatory changes as potentially harmful (Duffie,
2012) as well as beneficial (Richardson, 2012). Our study cautions against drawing
conclusions about liquidity based on realized aggregate transaction costs. Liquidity
measures such as the one shown in Figure 1b are the outcome of market participants’
optimization problems, and a large-scale policy change alters the optimal behavior of
investors and dealers. To use an analogy, new rules that significantly increased the
cost of air travel would induce more travelers to use the bus instead. Discouraging air
travel might well lower the average realized cost of transportation (taking the bus is
cheaper), but average utility would decline because of the loss of immediacy. Getting
from Los Angeles to New York in three days by bus is not the same as completing
the trip in five hours by plane.

By focusing on a homogenous, information-free event in which agents do not
arrange alternative trading strategies before and after the suggested policy change,
our analysis is able to uncover the potential adverse effect that the new regulatory,
low-inventory regime has had on corporate bond liquidity. Separating dealers into
banks and non-banks, we show that the post-crisis change in dealer behavior is most
pronounced for banks. This finding is consistent with banks unwinding proprietary
trading in response to anticipated tighter regulation, specifically the Volcker Rule.

Our paper thus complements other recent papers in this area by documenting an



anticipation effect on the cost of immediacy closely linked to dealers’ inventory costs.
Using a more recent sample that covers the implementation of the Volcker Rule, Bao,
O’Hara, and Zhou (2018) confirm its adverse impact on liquidity provision. Similarly,
Bessembinder, Jacobsen, Maxwell, and Venkataraman (2018) provide evidence that
dealers are less willing to commit overnight capital after the crisis.

Our paper also contributes to the literature on index revisions and trading around
predictable events (see e.g. Admanti and Pfleiderer (1991)).° Bond index revisions
have recently been studied by Newman and Rierson (2004) and Chen, Lookman,
Schiirhoff, and Seppi (2014), but these authors focus on special one-time announce-
ment effects, months before the actual index revision date. Newman and Rierson
(2004) look at a large and unique issuance event for European telecom companies.
Chen, Lookman, Schiirhoff, and Seppi (2014) look at the effect of a unique rating rule
change for the Lehman index. Unlike these studies, our paper looks at the trading

very close to the actual index revision dates.

2 Corporate bond index tracking

We consider exclusions from the Barclay Capital corporate bond index, which was
previously known as the Lehman corporate bond index, and is currently called the
Bloomberg-Barclay corporate bond index. These exclusions provide an ideal natural
experiment for studying the cost of immediacy over time. Each month corporate
bond index trackers demand immediacy from dealers when they seek to sell bonds
exiting the index.

The rules for bonds entering or exiting the index are both transparent and me-

chanical which makes the monthly exclusion events information-free and homogeneous

6See, e.g., Chen, Noronha, and Singal (2004) for studies on equity index revisions and Lou, Yan,
and Zhang (2013) for anticipated trading in the treasury market.



over time. As of July 2005, the index contains all US corporate bond issues with an
investment-grade rating by at least two of the three major rating agencies (Standard
and Poor’s, Moody’s and Fitch). Furthermore, the issuance size must be at least
$250 million and time to maturity must be above 1 year.” Bonds exit the index for
three main reasons: time to maturity falls below 1 year; issuers call their bonds; their
median rating goes from investment-grade to speculative-grade, so if for instance only
two ratings are available, the lower and more conservative rating is used. Bonds enter
the index for two main reasons: if they are newly issued and index eligible; or if
the rating goes from speculative-grade to investment-grade.® These rules result in an
index which covers a large fraction of the market. The index is rebalanced once a
month on the last trading day of the month at 3:00 PM EST and all bonds that are
no longer index eligible are excluded at this point in time. We note that the actual
downgrade date of a bond takes place before the bond is excluded from the index, so
in principle it represents a separate event from the exclusion itself (we explore actual
downgrades in Section 6.3).

Our bond sample consists of all bonds exiting the index between July 2002, and
November 2013. The exclusions are fairly equally scattered over time as seen in Figure
2. Table 1 panel A gives characteristics of the excluded bonds. A large number of
bonds have been excluded from the index for “other” reasons. These are mainly
exclusions due to an increase in the lower size limit for index eligibility which is why
the average issuance size of these bonds is far less than for the rest of the sample.

The objective of index trackers is to minimize tracking error between the return

"There are certain more qualitative rules for being index eligible. See index rules at
https://ecommerce.barcap.com/indices/index.dxml

8We do not report any results for index inclusions. This is because there is little price pressure
at inclusion events. Because index trackers sample the index, they can select which bonds to buy.
Index trackers thus have a selection of maybe 10-30 bonds and they only need to buy 3-10 of them.
This freedom in selection alleviates most of the price pressure.



on their portfolio and that of the index. Blume and Edelen (2004) show that index
trackers following the S&P 500 index are transacting on the exact day that the index
is rebalanced, even though they sacrifice potential profit by doing so (Beneish and
Whaley, 1996). Low tracking error is a signal to investors that the index tracker is
in fact committed to tracking the index and thus resolves an agency problem.

Bond index trackers are different from stock index trackers in the way they track
the target index. Stock index trackers use an exact-replication strategy (Blume and
Edelen, 2004), whereas bond index trackers use a sampling strategy (Schwab, 2009;
Vanguard, 2009). Exact-replication implies that the investor holds a position in each
asset member of the index. For corporate bonds, such a strategy would generate large
transaction costs because the index is large, the market is illiquid, and the index is
rebalanced every month. Instead, bond index trackers sample the index by holding
only a fraction of the bonds currently in the index. This portfolio is designed to match
the index with respect to duration, cash flows, quality and callability. As an example,
the Vanguard Total Bond Market Index Fund held 3,731 out of 9,168 bonds in the
Barclay Capital US aggregate bond index on December 31, 2008. All the large bond
index funds, e.g. BlackRock, Vanguard, Schwab and Fidelity, have similar guidelines
for tracking an index by sampling. The typical rule is to have 80% of their assets
invested in bonds currently in the index and the remaining 20% invested outside the
index. The outside investments are usually in more liquid instruments such as futures,
options and interest rate swaps but could also be in non-public bonds or lower rated
bonds.

The criteria for how to invest the last 20% outside the index are rather loose
(Schwab, 2009; Vanguard, 2009) so it is not possible to know exactly which assets
the funds have on their balance sheets. The lack of transparency makes it even

more important for the funds to keep a low tracking error as a way to signal sane



investments (Blume and Edelen, 2004). Looking again at the Vanguard Total Bond
Market Index Fund, the annual average tracking error has been -20 bps over 1993-
2017. This track record can be compared to that of Barclays Global Investors fund
that tracks the S&P 500 index with a tracking error of only 2.7 bps per year (Blume
and Edelen, 2004).

Index funds do not seek to outperform the index. This is because investors also
use the index funds to express a view on a certain credit or asset class (see Levine
(2016)). Some investors may want to capture a specific set of factors and get pure
exposure to these factors. Many investors, for example, short index funds. Second,
conversations with the leading bond funds also support the fact that they demand
immediacy exactly when the index is rebalanced (we verify this empirically in section
4.1 and discuss the potential gain/loss from changing the tracking strategy in section
5.3). For most bonds the fund will spread out their selling activity within the exclusion
date and for larger bonds, or in a more illiquid market, they might start selling 1-
2 days in advance. This would particularly be the case when, for example, large
countries are excluded from sovereign bond indices where they had a large overall

weight in the index, but this is less often the case for corporate bonds.

3 Data

This study uses a unique dataset of US corporate bond transactions provided to us
by FINRA. The dataset is identical to the Enhanced TRACE dataset available on
the Wharton Research Data Services (WRDS), except that we also have anonymized
counterparty identifiers for each transaction. This allow us to track the changes in
individual dealer inventories around the exclusion events.

We look at all bonds excluded from the Barclay Capital corporate bond index



because of a downgrade to speculative-grade or because of time to maturity falling
below 1 year. Table 1 panel B shows that not all the excluded bonds are actually
traded in the market and therefore not present with transactions in TRACE.

The TRACE data is cleaned up before usage following the guidelines in Dick-
Nielsen (2009). We then remove residual price outliers as in Rossi (2014). To compute
prices and returns, we only keep trades equal to, or above, $100,000 in nominal value
(Bessembinder, Kahle, Maxwell, and Xu, 2009), but we keep all trades for constructing
the inventory variables.

We calculate dealer-bond specific returns by first calculating a dealer specific buy-
ing price for each bond. The dealer specific buying price is the volume-weighted aver-
age buying price over day -2, -1, and 0 for a given bond and a given dealer. Here day
0 is the index exclusion day, and day -2, and -1 are the two days leading up to the
event date. Second, to circumvent the problem that many dealers may not transact
the purchased bonds for many days following the event, we calculate a market-wide
average selling price on each day following the event date. The selling price is the
volume-weighted average selling price over all sell-side transactions across all active
dealers in that bond. Since this calculated selling price can be seen as a market-wide
price, it is likely the price that the individual dealer would use to mark-to-market her
acquired inventory position.

The intertemporal bid-ask spread is the return calculated as the logarithmic dif-
ference between these two prices, and adjusted for accrued interest. If there are no
transactions on a given day following the event date the return is calculated using
the first available price after that date. In order to limit any information bias caused
by the non-trading days, the sample is restricted to bonds where the prices are ob-
served within three days of the non-trading date. Furthermore, an abnormal return

is formed by subtracting the return of a benchmark index (Barber and Lyon, 1997).



The benchmark is a portfolio of bonds matched on rating and time to maturity. When
matching on time to maturity the bonds in the benchmark bracket the maturity of
the excluded bonds.

We define the cost of immediacy as the return on the transaction as seen from
the dealer’s viewpoint, which is why the bid-ask spread is included in all returns as
explained above. Put differently, the cost (or price) of immediacy is the return that
dealers must expect to earn in order to provide liquidity promptly and sufficiently.
We note that these returns are not replicable by other investors in the economy,
who would face a possibly large bid-ask spread to implement the strategy of buying
at the exclusion and selling afterward. The rest of the study uses the following
terminology. When the benchmark return is subtracted from the raw return, it is
called an abnormal return; when the benchmark return is not subtracted, it is called
an intertemporal bid-ask spread. The latter method is also used as the event return in
Goldstein and Hotchkiss (2008), whereas the the former method is used as the event

return in Cai, Helwege, and Warga (2007) and Ambrose, Cai, and Helwege (2012).

4 Volume and inventory dynamics

Costly provision of immediacy has both inventory and pricing implications. In this

section we explore the first implication; we deal with pricing in the next section.

4.1 Volume dynamics at index exclusions

Figure 3 and Table 2 show that corporate bond index trackers, similar to the S&P
500 index trackers, seek to transact as close as possible to the exclusion date. Panel
A of Figure 3 shows trading volume for all bonds excluded from the index because of

low maturity. Day 0, the event day, is the last trading day of the month in which the

10



bond is excluded. Trading volume is aggregated across all the bonds excluded during
a given event and then averaged across all event dates. Panel B replicates panel
A for bonds excluded because of a recent downgrade to speculative-grade. Table 2
shows the same data as in the figure as well as the standard error of the mean volume
estimate and the trading volume fraction relative to the day 0 volume. For both types
of events, trading activity spikes on the exclusion date. Table 2 shows that the volume
20 days before and after the event is only 19% to 25% of that at the event date. The
peak in trading activity is thus 4-5 times that of the normal level.” A similar trading
pattern can be seen around revisions of the S&P 500 (Shleifer, 1986; Harris and Gurel,
1986; Chen, Noronha, and Singal, 2004), the Nikkei 225 (Greenwood, 2005), and the
FTSE 100 (Mase, 2007).

Since corporate bonds trade over-the-counter, index trackers cannot be certain to
transact at the desired point in time which is why activity is also high right before
and after the exclusion date. Figure 3 and Table 2 show that some investors are
tracking the index and that they seek to minimize their tracking error, which leads

to a spike in the demand for immediacy.

4.2 Dealer inventory around index exclusions

Turning attention to the supply of immediacy, Figure 4 shows dealer inventories for
the bonds excluded from the index. The inventories are cumulative, aggregated over
all dealers, and with a chosen benchmark of $0 100 trading days before the event. The
daily change in inventory is calculated as the total volume in dealer buys minus the
sales. For the low maturity bonds, we see the increase starting around 3 days prior to

the exclusion date whereas the buildup for the downgraded bonds starts earlier but

9Table Al and Table A2 in the internet appendix show that the findings are robust when con-
sidering abnormal trading volume.
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also increases in magnitude approximately 3 days prior to the event. The buildup
in the downgraded bonds from day -23 up to day -4 is in part caused by a buy up
from the dealers on the actual downgrade date. On the downgrade date itself other
investors, different from index trackers, demand liquidity because many firms have an
investment policy that discourages holding speculative-grade assets. This sell out on
the downgrade date happens despite a grace period of up to two months in which the
institutional investors are allowed to hold these bonds (see e.g. Ellul, Jotikasthira,
and Lundblad (2011) and Ambrose, Cai, and Helwege (2012)). As we will show later,
in terms of immediacy, the downgrade date is a smaller event than the exclusion date.

After the exclusion event, Figure 4 shows that the dealers sell all or part of their
newly acquired inventory. After 2 weeks most of the acquired inventory of the low
maturity bonds has been sold off. For downgraded exclusions, only around two-
thirds of the bonds have been sold after 100 days. The two events thus differ in
the way dealers use their inventory. Since dealers on average do not sell one-third
of the buildup again within 100 days, the decrease in the general willingness to hold
inventory is expected to have affected the transaction cost of the downgraded bonds

the most.

4.3 Dealer behavior before and after the 2008 crisis

Figure 5a and 5b show the change in dealer inventories around the event before, dur-
ing, and after the crisis. Table 3 and 4 show statistics of the corresponding inventory
positions.! The pre-crisis period is from 2002Q3 to 2007Q2, the crisis period is from
2007Q3 to 2009Q4, and the post-crisis period is from 2010Q1 to 2013Q4. Dealers’

behavior for the short maturity bonds has changed from before to after the crisis in

10Results are similar when looking at normalized inventory positions (see Tables A3 to A8 of the
internet appendix.)
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that dealers on average provide twice as much immediacy after the crisis than before.
But they decrease the inventory to 0 over roughly the same time interval. Hence,
the speed with which they sell off again has approximately doubled (we model this
pattern more rigourously in the next section).

For the downgraded bonds there is a clear shift in dealer behavior from before and
during the crisis to after the crisis. Before and during the crisis dealers keep a large
fraction of the inventory increase on their books. However, after the crisis they only
have 16% of the inventory left after 30 days compared to 58% before the crisis and
38% during the crisis. Since the shift in behavior happens after the crisis, and not
only during the crisis, it is reasonable to infer that the shift is not driven solely by
limited risk-bearing capacity of the dealers. Measures of dealer risk-bearing capacity
such as dealer leverage, or the VIX index have improved since the crisis.

This change in behavior after the crisis is consistent with the new regulatory
environment successfully discouraging market makers from keeping a risky inventory.
Downgraded bonds are no longer kept on inventory but are instead unloaded rather
quickly. Note that, although new regulations are not fully implemented during our
sample period, the change in behavior happens before the actual implementation
date. For instance, starting in 2010 the major investment banks close or sell off their
proprietary trading activities, motivating this action with reference to regulatory
compliance. The reduction of proprietary trading have two effects on the market.
First, it reduced the desired portfolio position of the dealers. Second, it potentially
reduced demand for the bonds by eliminating a natural counterparty unless the sold
off units maintained the same level of activity (which they did not, since many of
them closed down later). Both of these effects would increase inventory holding costs

thereby increasing the cost of obtaining immediacy (Madhavan and Smidt, 1993).
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4.4 Speed of inventory adjustment

In order to provide liquidity, market makers often have to deviate from their desired
level of inventory. Provided that inventories are costly and pose risks commensurate
to the volatility of the assets traded, dealer inventories will display mean reversion.
To estimate the speed of mean reversion for each dealer and each event, we follow
Madhavan and Smidt (1993), who derive the following equation relating inventory

changes to the dealer desired level of inventory

I — I 1 =0 x ([-1 — I") + ¢4, (1)

where I; is inventory at time ¢, I* is the desired level of inventory, and ¢, is a mean-
zero unanticipated liquidity-driven volume, which is possibly autocorrelated and het-
eroscedastic. In Equation (1), 5 € (—1,0), and is more negative when either inventory
costs or the assets’ volatilities are higher.

Madhavan and Smidt (1993) show that failure to account for the time-varying
nature of I* over long time periods affects the estimation of 5. While we consider a
relatively short window around the exclusion event, we have conditioned the sample
on an event which could potentially change the desired inventory level. Figures 4b
and 5b, and Tables 3 and 4 did reveal that on average inventories do not revert to
zero within 100 days, suggesting that they might settle at a higher level after the
exclusion. For this reason, we propose the following specification for the desired level
of inventory

I" = ag + an 1> -3, (2)

where aq represents the desired level of inventory before the exclusion event, while a4

represents the change in desired inventory after the exclusion. Note that we activate

14



the indicator variable in Equation (2) at ¢t —3 to account for the fact that the increase
in inventory happening right before the event is not necessarily a deviation from an
old desired level of inventory, but rather a migration toward a new desired level of
inventory. We point out that activating the dummy variable at ¢t = {—1, —2, 0} makes
almost no difference on estimates of 5.

Our objective is to investigate whether dealers have sped up their inventory mean
reversion after the 2008 crisis. To answer this question, for each event date and
for each top-five dealer, we first estimate Equation (1) with iterated GMM, using
a Bartlett kernel with three lags (see Madhavan and Smidt (1993)). To determine
top dealers we focus on the dealers that take on the most inventory in ¢ € [—2,0]
in a given event date. Note that the composition of the top dealers changes over
time. Next, we run a pooled regression with period dummies indicating the pre-
crisis, crisis, and post-crisis periods. Table 5 shows these regressions for the maturity
and downgrade events separately. We consider specifications that also include time-
series variables that proxy for dealers’ cost of capital. The third and fourth columns
present estimates for regressions including dealer fixed effects. In addition to the
point estimates, the first three rows of the table convert the coefficients into half-life
quantities using the transformation —log(2)/(1 + ). The variables which proxy for
dealers’ risk bearing capacity are the VIX index as in Lou, Yan, and Zhang (2013)
and aggregate leverage growth for broker-dealers from the Federal Reserve Flow of
Funds data!! as in Adrian, Etula, and Muir (2014). The VIX is supposed to proxy
for the dealers’ funding constraints and the aggregate leverage growth is supposed to
capture the dealers’ leverage constraints. When aggregate leverage growth is low it

has become more costly to obtain leverage and when VIX is high dealers face higher

UThis data is for primary dealers in the treasury market. Schultz (2001) shows that the major
corporate bond dealers overlap significantly with the primary market dealers in the treasury market.
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funding constraints. We also include the TED spread to proxy for money market
stress.

Table 5 shows a clear pattern. In both types of events, dealers display less tolerance
toward deviations from desired inventories. For instance, column two in panel B
shows that for the typical dealer the half-life of her inventory of bonds downgraded
to speculative-grade falls from seven and half days to almost five and half days, a
substantial two-day difference. Note that this result is not due only to a change in
the composition of dealers over time, as it continues to hold even in regressions with
fixed effects capturing within-dealer variation. We also test whether the increase in
the speed of mean reversion is statistically significant. As can be seen from the last
row of each panel, we reject the null hypothesis that the coefficient on the post-crisis
dummy is equal to the coefficient on the pre-crisis dummy in favor of the alternative
hypothesis that the coefficient becomes more negative after the crisis.

In their model, Madhavan and Smidt (1993) derive inventory half-life as a function
of holding costs and asset volatility. Since bond volatilities have not increased from

before to after the crisis, these results are consistent with increased holding costs.

5 Price Dynamics

Since dealers actively use their inventories to provide liquidity to index trackers, we
expect them to earn a positive return on average as compensation for the inventory
holding costs. The following section shows that dealers are compensated for providing
liquidity. The costs are higher for the downgrade event compared to the low maturity
event as would be expected, since the downgraded bonds are both more risky and

kept longer on inventory.
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5.1 Event study of index exclusions

Table 6 shows the dealer abnormal returns for the two exclusion events.!? Each
of these returns are either equally-weighted or value-weighted. The value-weighted
returns are weighted by the dealer buying volume (VW1), or by the dealer inventory
buildup (VW2), on the event date and over the previous two days. Hence, those bonds
purchased by dealers that increased inventory — provided immediacy — are given more
weight.

Looking at Table 6, we see that the abnormal dealer returns for the bonds ex-
cluded due to low maturity are uniformly higher after the crisis relative to before the
crisis. The equally-weighted column (EW) attributes the same weight to all excluded
bonds, even those for which there is very little trading, or inventory buildup. Given
the statistical sampling approach to replicating the index, indexers only hold some
excluded bonds. For this reason, equally-weighted returns may mistakenly give too
much weight to bonds for which traders do not seek immediacy. Both value-weighted
returns show a much sharper increase (roughly a 100%) in the cost of immediacy for
highly rated, short-term bonds over the sample period. For example, at 1-day and
30-day horizons, the VW2 version shows an increase in the cost of immediacy from
6.17 and 7.50 to 13.30 and 14.37, respectively.

Qualitatively, downgrade exclusions look like maturity exclusions. Quantitatively,
the returns are much larger, which is to be expected given the low rating of these
bonds and the increased inventory risk that they pose. Moreover, the increase in
the cost of immediacy since the pre-crisis period is much larger than the maturity
exclusion case. As can be seen from the last two columns, the increase ranges from

more than 200% at the one-day horizon (e.g., 81.19 to 294.79 for VW2) to more than

12Tn the internet appendix, we report the average intertemproal bid-ask spreads used to construct
abnormal returns.
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500% at the 30-day horizon (e.g., 142.36 to 965.48 for VW2).13

5.2 Regression analysis of the cost of immediacy

Table 6 shows a remarkable increase in the price of immediacy since the onset of
the 2008 crisis. Next, we relate the higher returns earned by dealers to the quantity
of bonds transacted, and other variables likely to affect the supply and demand of
immediacy. Generally, the price (P) and quantity (Q) of immediacy are jointly de-
termined in the market. Therefore regressing the compensation for immediacy on its
quantity subjects the econometrician to simultaneous equation bias. Importantly, we
do not usually know whether such regression estimates a supply function or a demand

function. More formally, a suitable empirical model to consider would be:

QFf = ag+arPi+e (3)
Q) = Bo+bBbl+u (4)

where e; , u; contain both observable and unobservable demand and supply shifters,
and the last equation imposes market clearing. In order to obtain unbiased and
consistent estimates of the slopes, a two-stage least squares (2SLS) is normally used.!*
However, this is not necessary in our setting, which provides a natural identifying
restriction.

The premise of this study is that indexers are impatient around bond exclusion

events. Our empirical analysis so far suggests that their price demand elasticity

13Tn the internet appendix to this paper, we include a chart (Figure A1) that illustrates graphically
the increase in the cost of immediacy documented in Table 6.

1See Choi, Getmansky, Henderson, and Tookes (2010) for a recent application to this methodology
to the analysis of issue proceeds and underpricing for convertible bonds.
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around these events is extremely low. Therefore, the identifying restriction that we
impose is a; = 0 in Equation (3).'> This restriction identifies the empirical relation
between prices and quantities as a supply relation, so a non-negative relation between

prices and quantities in our data would provide support for our assumption.

5.2.1 Model specification

The dependent variable in the regressions is the cumulative abnormal bond returns
(a proxy for the cost of immediacy, i.e. P(Q)). The independent variable of interest
is a measure of liquidity provision (Q). Assuming that dealers see the excluded bonds
as reasonable substitutes, we define () as the aggregate dealer inventory imbalance
(measured in $mn) for each dealer from day -2 to 0 across all excluded bonds at the
event (downgrade and maturity separately). We drop all dealers with a net negative
inventory imbalance. We interact Q with three dummies indicating whether the
observation takes place before, during, or after the 2008 crisis.

We expect our specification to capture a non-negative supply relation between
the price and the quantity of immediacy. To this end, it is important to account for
potential demand-side shifters likely to affect the price of immediacy. It is reasonable
to assume that a large event, i.e. an event during which a large portion of the index
is reconstituted, is more likely to result in a higher demand of immediacy. For this
reason, in our baseline regression we include the percentage of the index excluded
each month as a control variable. In subsequent regressions, we control for additional
demand shifters such as the demand for immediacy coming from buy-side institutions
around index exclusions.

We also include other factors likely to influence the cost of immediacy. Specifi-

15Chacko, Jurek, and Stafford (2008) impose a similar restriction in their theoretical model of the
price of immediacy, but in the context of a limit order book.
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cally, we include the amount outstanding of the bond. Larger bonds are likely more
transparent and liquid than smaller bonds and are therefore less risky to have on in-
ventory. We include the variables proxing for dealers’ risk bearing capacity which we
also used in the inventory half-life regression. Finally, we include industry (financials
vs. non-financials), rating, and period dummies that are interacted with each other.
Lastly, we also include dealer fixed effects. To save space, the estimated coefficients
on the dummies are not reported in the regression tables.

Table 7 provides descriptive statistics on the variables used in the regressions.

5.2.2 Cost of immediacy before and after the crisis

Table 8 reports the coefficient estimates of the regressions. As can be seen from the
table, the price of providing liquidity is increasing in the amount of liquidity trans-
acted, making the relation reminiscent of a supply curve. Comparing the interaction
of @ with the post-crisis dummy to the interaction of () with the pre-crisis dummy re-
veals that the supply curve is relatively steeper after the crisis.'® This result suggests
that providing immediacy has become more costly after the crisis, and, consequently,
dealers require higher returns for providing additional immediacy. The results on the
effect of QQ are also economically significant. Noting that the returns are measured
in basis points, a one standard deviation change in Q after the crisis ($16.5 mn) is
associated to roughly an additional 18.5 bps of return over three days, and roughly 35
(16.5 x 2.10) bps over a 20 day horizon. The coefficient on the pre-crisis interaction
is statistically and economically insignificant at all horizons, indicating that dealers’
strategy to buy and temporarily hold excluded bonds could easily scale up.

The regressions include interacted fixed effects, which capture the fact that bonds

6We conduct t-tests of the difference in coefficients and find that the difference is generally
statistically significant at conventional levels.
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with the same rating might be priced differently before, during, and after the crisis.
Interacting fixed effects mitigates the concerns that the increased cost of immediacy
and the increased supply price elasticity come only from a higher level of risk aversion
(hence risk premia) in the market. At the bottom of Table 8, we test whether the
interaction terms are jointly zero, and find that these interactions do explain some
variation in dealer returns, suggesting that it is important to control for potential
changes in risk aversion. However, controlling for changing attitudes toward risk does
not explain away our elasticity estimates.

Larger events during which a bigger fraction of the index is reconstituted might
require dealers to take on more inventory resulting in larger dealer returns. The
positive coefficient on Pct Index FExcluded is consistent with this intuition, but it is
only significant at the 20-day horizon.

The other control variables behave as expected although they are not always
significant. Larger bonds have a lower cost of immediacy when considering short
horizons, but the effect is insignificant at long horizons. When dealers are more
constrained, i.e. a low leverage growth or a high VIX, the cost of immediacy is
higher. Finally, when the money market undergoes stress, i.e. a high TED spread,
the cost of immediacy increases. Money markets are important for market makers

since they often fund their market making activity through repo transactions.

5.3 The hidden cost of bond index investment

The cost of immediacy includes a price pressure component as well as the bid-ask
spread. From the perspective of the institutional investor, the price pressure com-
ponent is the more interesting part (Hendershott and Menkveld, 2014). Because the

bid-ask spread or the half-spread is in some sense a sunk cost once the investor owns
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the asset and wants to sell, variation in the dealer’s buying price is what constitutes
the true opportunity cost. Table 9 shows the abnormal event return calculated as in
Table 6 but using only dealer buy prices. This is thus the return that the institutional
investor could have gotten (all else equal) had she waited to sell instead of selling at
the event date. The negative t’s indicate the return from before the exclusion and up
to the exclusion event. A negative return before the exclusion thus means that the
price decreased leading up to the event. From Table 9 we see that for the maturity
exclusions the bid price decreases leading up to the exclusion and it also decreases
after the exclusion. The dealer return from Table 6 is therefore driven by an increase
in the bid-ask spread rather than a rebound of the price. For the downgrade exclu-
sions, the bid price decreases leading up to the event and increases after the event,
indicating that much of the dealer return from these exclusions are generated by a
rebound of the price level.

The bid-bid returns pick up a hidden cost of index tracking (see e.g. Chen,
Noronha, and Singal (2006), Petajisto (2011), and Pedersen (2018)). To see this,
consider that the bond index return is calculated using the average price from day 0
and that this price will be heavily depressed by the concentrated selling from index
trackers. Although index trackers obtain potentially a zero tracking error by trading
on the exclusion date, the actual returns attained are based on severely discounted
prices. It is in principle possible to outperform the index on average by avoiding the
price pressure and selling several days away from the rebalancing date.

On average 1.2% of the index (in market values) is excluded each month. Using
a back of the envelope calculation, the hidden cost of index tracking is the average
(monthly) abnormal bid-bid exclusion return times the fraction excluded from the
index (multiplying by 12 gives a rough estimate of the annual costs). The ratio of

low maturity exclusions to downgrade exclusion is usually 3:1 (in market values).
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For downgraded bonds it is optimal to sell out 30 days after the event, whereas for
maturity exclusions it is optimal to sell out 10 days before the event according to
Table 9. The hidden cost of index tracking is thus roughly 0.012 x 12 x (0.25 x
0.0966 + 0.75 x 0.00129) = 34 bps.

The cost estimate can be compared to the hidden cost from stock index investment
calculated in Petajisto (2011) of 21-28 bps annually for the S&P 500. Note that this
annual cost estimate is only indicative since we do not consider what would happen
dynamically when volumes are redistributed away from the exclusion day.

The hidden cost of index tracking raises the question why index trackers do not
deviate from trading at the rebalancing date. To illustrate this, we look at the Van-
guard Total Bond Market Index Fund as an example. The Barclay Capital Corporate
Bond Market Index constitutes around one third of the index that the Vanguard fund
is tracking. The Vanguard fund had an average yearly tracking error of -20 bps over
1993-2017. The tracking error primarily comes from transaction costs and manage-
ment fees. Following the strategy from above (using intertemporal returns) and selling
out 10 days before the event for maturity exclusions and 30 days after the event day
for downgrade exclusions, the Vanguard fund could improve its tracking error by be-
tween 3-9 bps, depending on what we assume about how the fund samples the index.
However, the improvement in tracking error comes with an increase in the standard
deviation of the tracking error which increases from 20.0 bps to 20.5 bps. Hence,
there is a trade off between size and stability of the tracking error. The strategy of
selling out very close to the exclusion date could thus be explained by a desire to keep
the tracking risk low.

Although the increase in tracking error variance that we calculate may seem mod-
est, the fund could have a fear of realizing a very large negative event, which would

cause additional variation in the tracking error. This dislike for tracking risk could
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also be seen in 2002 when the Vanguard fund underperformed the benchmark by
2.00%. This lead the fund to change its tracking strategy from a strategy that used to
over-weight some sectors. In the semi-annual report from June, 2002, fund managers
stated that they would make this change despite their belief that the over-weighting
had rewarded them over the long run. Aversion to such tail risk is consistent with
findings that the flow-to-performance relation for corporate bond funds is concave

(Goldstein, Jiang, and Ng, 2017).

6 Exploring additional channels

6.1 Evolution of bond ownership structure

The discussion so far has ignored changes in the market structure that could po-
tentially affect the price of immediacy. Based on data from the Lipper eMaxx in-
stitutional bond database, Table 10 and Figure 6 show that mutual fund investors
have risen in importance in both relative and absolute terms. Figure 6 further shows
that high-yield funds, which can be seen as natural buyers for bonds that exit an
investment-grade index to join a high-yield index, have also risen in importance, but
have grown less than other mutual funds. Table 10 reports absolute and relative fre-
quencies (by sub-period) of fund*quarter observations in the Lipper eMaxx database.
As can be seen, insurance companies are a major player in the corporate bond mar-
ket. However, mutual funds have gained importance in this space. While before the
crisis holding reports by mutual funds represent about a third of insurance company
reports, after the crisis their number has grown to be more than half. Other types of
investors are negligible, so we ignore them going forward.

Next, we explore how mutual funds and insurance companies trade around ex-
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clusion events. Figure 7 shows that, compared to the crisis, mutual funds hold a
much larger share of excluded bonds. This figure shows the percentage of bonds held
by insurance companies and mutual funds before and soon after the exclusion event,
and provides prima facie evidence of the trading direction of these corporate bond in-
vestors around the exclusion event. As can be seen, insurance companies (left graphs)
reduce their holdings, especially for downgrade exclusions (Figure 7¢). In addition to
showing the increased relevance of mutual funds, Figures 7b and 7d show that mutual
funds were net buyers of excluded bonds before the crisis, and have become net sellers
since. This change in behavior by mutual funds apparently contrasts the results in
Choi and Huh (2017), who suggest that some liquidity provision is provided by non-
dealers after the crisis. A related paper by Anand, Jotikasthira, and Venkataraman
(2017) is more consistent with our study in that it suggests that, while some mutual
funds could be supplying liquidity in some instances, overall they are still liquidity
takers. We note, however, that our findings pertain to bond exclusions, so they do
not have the same breadth as the two studies above.

We test the relationship between institutional ownership and trading at the ex-
clusion events in a regression. Contrasting holdings from the three months preceding
a bond exclusion against the month of the exclusion and the two months following
the exclusion, Table 11 regresses aggregate holdings (as a percentage of issue size)
on a dummy (Post) indicating the month of or the two months after the exclusion.
This set up accounts for the quarterly reporting frequency of mutual funds and insur-
ance companies. The regression also includes the interaction of Post with a dummy
indicating whether aggregate dealer inventory buildup was above median (High Inv).

As can be seen from the top panel of Table 11, on average, insurance companies
reduce their positions in downgraded bonds substantially, while the reduction for low

maturity bonds is less pronounced and less statistically significant. Lack of signifi-
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cance of the interaction term suggests that insurance companies do not take liquidity
at a time when dealers are providing much of it. With regard to mutual funds (bot-
tom panel), before the crisis changes in holdings were practically zero, but over time
the reduction in holdings has become more pronounced and statistically significant.
Similarly to insurance companies, selling by mutual funds does not happen during
events when dealers are building up inventory more than usual.

The analysis of institutional holdings reveals a steady change in market struc-
ture that potentially affects the demand and pricing of immediacy. The statistical
insignificance of High Inv*Post indirectly suggests that the growing mutual fund sec-
tor is not driving the increased price of immediacy that dealers charge, since we do
not find that selling by mutual funds is elevated during times when dealers provide
above-median immediacy. Nevertheless, as a more robust approach we control for
institutional trading behavior directly into our main specification.

Table 12 presents regression estimates for a specification that mimics that of Table
8, but with the addition of two regressors capturing the change in percentage holdings
of excluded bonds by mutual fund and insurance companies. Indeed, the coefficient
on MF Change (Pct) and Ins. Change (Pct) suggest that the cost of immediacy is
larger when mutual funds and insurance companies reduce their position in the bonds
that exit the index. However, we note that, while these coefficients are marginally
statistically significant, the coefficients on the interaction of () with the post-crisis
dummy do not change and remain statistically significant. For instance, comparing
Table 8 to Table 12, we see that the 1-day coefficient on ) * Postcrisis goes from
0.630 to 0.619, and that the 30-day coefficient goes from 1.887 to 1.815.
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6.2 Search frictions and inventory costs

In this section, we test a set of predictions derived from search based models (e.g.
Duffie, Garleanu, and Pedersen (2007)). The predictions relate dealer inventory costs
to dealer behavior and market power.

The increase in the cost of immediacy seen in Table 6 could be driven by a change
in dealers’ market power (Lagos and Rocheteau, 2007). The fact that during the crisis
many dealers merged or exited the market could potentially increase the market power
of the remaining dealers. Alternatively, an increase in the collective market power of
dealers could entice new dealers to the market. Table 13 panel A shows the number
of dealers participating in the event (i.e. the number of dealers with at least one buy
transaction during event day -2 to 0). Panel A also shows the Herfindahl index for
dealer share at the event. The table shows that the number of dealers has increased
over time and that the concentration is lower. Based on these two findings it seems
that competition among dealers has not decreased after the crisis. We find it unlikely
that the entry of new dealers is driven by an increase in the collective market power of
dealers because dealers were already in a situation where they could extract maximal
rent from the price inelastic index trackers. The bargaining power of index trackers
are likely primarily determined by the number of participating dealers since with
fewer dealers, the index trackers have less outside options when negotiating with a
specific dealer.

The entry of new dealers could be consistent with an increase in holding costs of
the old dealers. Such an increase in holding costs would allow new dealers to enter the
market and compete at the (now) higher prices of immediacy. The dominating pre-
crisis dealers were likely those who were most affected by regulation (Bao, O’Hara,

and Zhou (2018)), thereby increasing the bargaining power of potential new entrants
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in the dealership market. Importantly, the higher number of dealers did not lower the
price of immediacy since these dealers are likely less efficient (they could not compete
before) and must cover high inventory costs.

Our setting is close to that modelled in An and Zheng (2017). While most search
based models assume that investors randomly switch preferences for holding a secu-
rity, in their model customers will not regain a positive preference for the security.
This resembles the situation for index trackers, although search models assume that
the loss of preference happens randomly whereas it is deterministic for index trackers.
In An and Zheng (2017) dealers can either use their inventory (provide immediacy)
or just match customers (riskless principal trading or agency trading). In the latter
case customers have to wait in order to be matched. When inventory costs increase
the price of immediacy should also increase (as in Table 6) and we should see a higher
fraction of riskless principal trading. The bottom section of panel A in Table 13 shows
the fraction of riskless principal trading out of the total trading volume. Similar to
Bessembinder, Jacobsen, Maxwell, and Venkataraman (2018), we define riskless prin-
cipal trading as a customer sell which can be matched to a customer buy by the same
dealer within a time frame of 60 seconds. We find a minor increase in riskless princi-
pal trading. The only minor increase should be seen in connection to index trackers
having a preference for selling the asset and being price-inelastic. Therefore, even
though dealers had an increase in their holding costs, their costs are still much lower
than the holding costs for index trackers hanging on to the bond after exclusion.

Another prediction regarding inventory cost from An and Zheng (2017) is that
dealers should be more prone to service incoming customers seeking to buy a bond by
using their inventory instead of matching to waiting customers when inventory costs
increase. In order to test this, we classify each buy by a customer as either having been

served using existing inventory (principal at risk) or using a waiting seller (riskless
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principal). Again, we classify it as a customer match if the same dealer made two
opposite transactions in the same bond with the same volume within 60 seconds.
We then construct an indicator which is 1 if the customer buy was serviced using the
inventory and 0 otherwise. In Table 13 panel B the indicator is the dependent variable
and the level of the dealer inventory is the independent variable. The inventory is
dealer specific and accumulated from the start of day -2 up to the specific transaction
used for calculating the principal at risk indicator (up to day 30). The dealer should be
more prone to using her inventory when inventory costs increase and when inventory
holdings are large. The increase in the estimated coefficients over time thus suggests

that inventory costs are higher after the crisis.

6.3 Information and Trading

New information about the issuer around the time of the index exclusion could impact
the observed cost of immediacy for the bonds. Focusing on the bonds excluded
because of a downgrade, there could be contemporaneous news at the time of the
exclusion or there could be news at the downgrade date itself which is only slowly
being incorporated into the prices. In the latter case a recovery from an overreaction
to the downgrade information could then coincide with the price pressure reversal
from the index exclusion.!”

In order to investigate the potential impact of contemporaneous information about
the bonds, we first look at the downgrade date compared to the exclusion date.
Figures 8a and 8b show that the downgrade date itself also sees a lot of trading

activity. Average trading volume is of the same size as that seen on the exclusion

date but the inventory buildup on the downgrade date is far smaller than that on the

17See , e.g., Katz (1974); Grier and Katz (1976), and see Norden and Weber (2004) for a review
of other rating change studies.
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exclusion date. While inventory peaked at the exclusion date and then decreased,
here the peak is delayed consistent with a larger inventory buildup at the exclusion
date instead of at the downgrade date.

Figure 9 shows both the downgrade date and the exclusion date for events with
exactly 17 days between the downgrade and exclusion. This is the most common
number of days between the two events. The volume figure clearly shows two spikes
in trading activity, first on the downgrade date and then on the exclusion date. The
inventory graph shows that there is a minor inventory increase at the downgrade date
but that the second increase at the exclusion date is larger. Also, after the inventory
spike at the exclusion event, dealer inventory immediately starts to decrease.

The figures suggest that the downgrade date and the exclusion date are two sep-
arate events. In order to test whether information spillover or a slow recovery from
the downgrade could be a contributing factor to the exclusion returns, we augment
the main regression from Table 8 with two variables. First, we include the abnormal
stock return of the bond issuer over event day -2 to 0. Abnormal returns are calcu-
lated by benchmarking the issuer using size and book-to-market value to a matching
Fama-French portfolio (Barber and Lyon (1997)). We also include an indicator which
is 1 if the downgrade happened in the second half of the month. If the exclusion
event return is impacted by a slow recovery from the downgrade date, then we would
expect that bonds with a recent downgrade had a higher return than bonds with a
more distant downgrade.

Table 14 shows the estimated regression model for downgraded bonds. The abnor-
mal stock return is clearly significant and important. However, it does not affect the
significance of the other coefficients of interest. This suggests that contemporaneous
new information is of course important but that it is not a main driver of the results.

The indicator for a recent downgrade is not significant at long horizons and has the
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opposite sign compared to expectation when it is significant. This suggests that a
slow recovery from the downgrade does not contribute on average to the exclusion
returns. A possible reason for this is that to the extent that a slow recovery is pre-
dictable it becomes part of the negotiation surplus in the bargaining between dealer
and index tracker. With high dealer competition the dealer compensation would still

just reflect the cost of providing immediacy.

6.4 Banks vs Non-Banks

The increase in the cost of immediacy coincides with the spin-off of proprietary trading
for the largest dealers. The spin-off is likely a strong contributing factor to the
lower levels of inventory for dealers after the crisis compared to before the crisis. In
their motivation for the spin-off, dealers cite future regulation prohibiting proprietary
trading, i.e., the Volcker Rule, as well as other regulations.

In order to test this potential channel, we follow Bao, O’Hara, and Zhou (2018)
and classify dealers as either banks or non-banks. The Volcker Rule was not actu-
ally implemented during our sample period but the regulation was expected to be
applicable only to bank dealers. A differential increase in the cost of immediacy be-
tween banks and non-banks from before to after the crisis could thus suggest that
anticipation of tighter banking regulation was a contributing factor.

Table 15 panel A shows the market share for banks versus non-banks at the events.
Market share for banks is the fraction of the buying volume handled by bank dealers
over day -2 to 0. Panel A also shows the share of the inventory buildup over the
same days for banks versus non-banks. Inventory share is the inventory buildup for
banks divided by the total inventory buildup for all dealers, hence, if either banks

or non-banks are net sellers at the event the inventory share will not be bounded by

31



0 and 1, although it is in most cases. The table shows that the market share for
banks have decreased after the crisis, they handle less of the overall activity and they
account for less of the total inventory buildup. This is consistent with Duffie (2012)
who argue that banning proprietary trading would allow for non-banks to take over
part of the market making. The inventory share decrease at the downgrade event for
banks is fairly small. This could be a contributing factor explaining why the cost of
immediacy has increased more for downgrades compared to maturity exclusions. For
downgrade events, non-banks have not yet taken over the supply of immediacy.

As an additional test, we augment the main regression with some triple interac-
tions to capture banks’ change in trading behaviour. The specification that we adopt

is given by

P = ,Q * PostCrisis x Bank + (2Q * PostCrisis
+ B3Q * Crisis * Bank + (5,Q x Crisis
+ B5Q * PreCrisis x Bank + BgQ * PreCrisis

+ fized ef fects 4 controls + €

The coefficients (1, 83, 5 in Equation (6) measure the difference in elasticity between
banks and non-banks after, during, and before the crisis respectively. A positive
coefficient indicates that banks have a higher elasticity than non-banks. We are
interested in assessing whether [3; is larger than (5, that is whether the extent to
which banks’ supply function is more elastic relative to non-banks has increased after
the crisis.

For brevity, Table 15 panel B shows only the triple interaction terms of interest.
As the t-test at the bottom of the table shows, the difference in the difference (51 — f35)

from before to after the crisis is positive and significant. This shows that the elasticity
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increases significantly more for banks compared to non-banks from before to after
the crisis. This finding complements those of Bao, O’Hara, and Zhou (2018) and
Bessembinder, Jacobsen, Maxwell, and Venkataraman (2018), who show an effect at
the implementation date of the Volcker Rule. Our finding suggests that for the cost

of immediacy there is also an earlier anticipation effect.!®

7 Conclusion

The cost of immediacy for corporate bonds has increased significantly after the 2008
crisis. We show that the supply of immediacy has become more elastic with respect
to its price and that dealers have become more reluctant to hold risky bonds on
inventory for longer periods of time. This post-crisis change in pricing and dealer
behavior is most pronounced for banks, consistent with bank dealers closing down
proprietary trading and operating with lower inventories. Furthermore, these findings
are consistent with Duffie (2012)’s prediction that the post-crisis regulatory regime
would impede market making.

Whether or not the post-crisis regulation and less risky dealer inventories can be
considered a success depends on which segments of the economy will be affected by
future shocks. By encouraging traditional market makers to take on less risk than
before the crisis, a shock is less likely to originate in the banking sector (Johnson, 2012;
Richardson, 2012). However, the lower willingness to use balance sheet for market
making might make it harder for dealers to mitigate the selling pressure originating

from shocks to other segments of the economy.

18Bao, O’Hara, and Zhou (2018) did not find a large anticipation effect but their study was focused
on fire sales in connection to the downgrade date and one month ahead. As showed in section 6.3
that event may not be as focused on immediacy provision as the event used in this study.
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Table 1: Barclay Capital corporate bond index exclusion statistics

The statistics are accumulated from July 2002 to November 2013 for the Barclay Corporate Bond
Index (formerly Lehman). Panel A shows characteristics for the excluded bonds. Market value in
$1,000 is the average market value at the time of the index revision. The table shows four reasons
for being excluded. The maturity of the bonds can fall below 1 year during the month. The bond
can be called. The bond can be downgraded from investment-grade to speculative-grade during the
month. Finally, there can be various other reasons for being excluded. Most of these exclusions are
due to revisions of the general index rules, mainly that the size requirement has been increased twice
over the period. In all cases the bonds are excluded at the end of the month (last trading day).

Panel B shows the number of excluded bonds with transactions in TRACE, the number of bonds

traded at the exclusion (event day -2 to 0), and he number of bonds sold (bought) by customers

(dealers) at the exclusion.

Panel A: Index exclusions

Reason N Market Value ($1,000) OA Duration Coupon
Maturity< 1 3,102 645,374 0.92 5.7
Called 392 461,354 0.52 7.1
Downgrade 1,078 484,269 5.1 6.8
Other 2,119 358,501 6.0 6.5

Panel B: Bond Presence in TRACE

Reason Total excluded In TRACE  Traded at exclusion  Sold at exclusion
Maturity< 1 3,102 2,732 2,532 2,452
Downgrade 1,078 893 804 792

38



Table 2: Trading activity around the exclusions

This table shows the average transaction volume around the monthly exclusions. The average is
across all event dates. Day 0 is the exclusion date. SE is the standard error of the mean transaction
volume. Fraction is the transaction volume relative to the volume at the exclusion date. Volume is
measured in $millions.

Downgrade Maturity
Event time Volume SE Fraction Volume SE Fraction
-100 40.2 17.1 0.18 42.9 4.1 0.19
-50 51.5 22.6 0.23 43.5 5.2 0.20
-40 35.5 9.8 0.16 39.2 3.7 0.18
-30 37.5 14.6 0.17 39.6 4.0 0.18
-20 46.3 9.5 0.21 55.4 8.4 0.25
-10 77.9 21.4 0.35 58.2 8.0 0.26
-9 72.3 21.2 0.32 52.2 6.2 0.24
-8 83.0 28.9 0.37 57.5 5.4 0.26
-7 86.4 25.0 0.39 56.0 5.0 0.25
-6 66.3 13.8 0.30 62.8 6.5 0.28
-5 63.8 15.3 0.29 66.0 8.2 0.30
-4 97.4 33.0 0.44 123.2 24.0 0.56
-3 107.2 27.8 0.48 164.1 20.9 0.74
-2 107.8 26.7 0.48 155.7 15.5 0.70
-1 125.7 25.1 0.56 131.7 12.5 0.59
0 222.8 50.2 1.00 221.9 18.1 1.00
1 88.9 27.1 0.40 99.2 8.4 0.45
2 101.3 29.1 0.45 93.5 8.5 0.42
3 95.8 21.8 0.43 85.5 7.6 0.39
4 79.8 16.7 0.36 79.1 7.8 0.36
5 74.0 16.7 0.33 73.2 6.9 0.33
6 69.2 17.5 0.31 72.4 7.6 0.33
7 61.2 14.4 0.27 54.8 5.7 0.25
8 64.0 15.7 0.29 65.1 5.4 0.29
9 49.2 10.7 0.22 65.4 5.6 0.29
10 64.7 18.7 0.29 52.2 4.8 0.24
20 53.5 14.7 0.24 41.1 3.7 0.19
30 474 11.6 0.21 43.4 4.4 0.20
40 494 15.4 0.22 47.0 5.2 0.21
50 50.3 13.0 0.23 40.8 4.7 0.18
100 56.8 27.7 0.25 34.8 4.7 0.16
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Table 5: Speed of inventory adjustment

This table reports pooled regression estimates from regressing dealer- and event-specific inventory
speed of adjustments over period dummies and other control variables. The speed of adjustments,
f3, are estimated by fitting the equation Iy — I; 1 = B (I;_1 — ao — a1l _g)) with iterated general
method of moments (IGMM) with a Bartlett kernel (3 lags), for each dealer and event. I; represents
total inventory (across all bonds) for a given dealer at event-time ¢, and o and «; are two constants
representing the desired level of inventory before and after index exclusions. ¢ = 0 represents the
exclusion date. In addition to the point estimates, the first three rows convert the coefficients into
half-life quantities using the formula —log(2)/(1 + 8). The analysis is based on the inventories of

the top 5 dealers in each month. See Table 7 for variable definitions.

Model 1 2 3 4
Panel A: Maturity exclusions ( 45 distinct dealers)
Pre-crisis -.0960*** /6.87 -.0869*** /7.62 -.0788***/8.45 -.0752*** /8.87
(0.0052) (0.0105) (0.0127) (0.0151)
Crisis -.1371%**/4.70 -.1334***/4.84 -.0929*** /7.11 -.0907*** /7.29
(0.0092) (0.0200) (0.0128) (0.0206)
Post-crisis -.1171%**/5.56 -.1043***/6.30 -.0993***/6.63 -.0920***/7.18
(0.0059) (0.0132) (0.0139) (0.0181)
VIX -.0009 -.0007
(0.0006) (0.0005)
TED Spread 0.0002** 0.0002
(0.0001) (0.0001)
Dealer Lev. Growth -.0100 0.0175
(0.0262) (0.0192)
Fixed Effects NO NO Dealer Dealer
Number of Observations 569 569 569 569
R-Square 0.6291 0.6319 0.7331 0.7366
t-test(Post<Pre) -2.668*** -2.069** -1.702** -1.323*

Panel B: Downgrade exclusions ( 57 distinct dealers)

Pre-crisis -.0919***/7.19 -.0884*** /7.49 -.1042***/6.30 -.0968** /6.80
(0.0065) (0.0118) (0.0382) (0.0385)
Crisis -.1205***/5.40 -.1046***/6.27 -.1231***/5.28 -.1092**/6.00
(0.0147) (0.0292) (0.0396) (0.0450)
Post-crisis -.1250*** /5.19 -.1154*** /5.65 -.1296*** /4.99 -.1186*** /5.49
(0.0131) (0.0192) (0.0357) (0.0374)
VIX -.0002 -.0008
(0.0007) (0.0007)
TED Spread -.0000 0.0001
(0.0001) (0.0001)
Dealer Lev. Growth 0.0554* 0.0192
(0.0304) (0.0315)
Fixed Effects NO NO Dealer Dealer
Number of Observations 345 341 345 341
R-Square 0.4969 0.5005 0.7076 0.7000
t-test(Post<Pre) -2.261** -1.796** -1.879** -1.507*

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 6: Dealer abnormal returns

This table shows the dealer-bond specific average returns of bonds excluded from the Barclay Cor-
porate Bond Index because of low maturity. Returns are calculated as log price changes between
day O (the exclusion date) and day t after the exclusion. The returns are calculated as seen from the
dealers perspective. First, the intertemporal bid-ask spread is calculated using the dealer-buy price
(dealer-specific average buy price over day -2,-1, and 0) and the average dealer sell price at day t
(average across all dealers). Second, the abnormal return is the intertemporal bid-ask spread minus
the return on a matched portfolio. The portfolio is matched on rating and time to maturity. EW
returns are equally-weighted across all excluded bonds. VW1 is weighted by the aggregate buying
volume in the specific cusip for all dealers with a positive inventory buildup in the bond. VW2 is
weighted by the aggregate inventory buildup for dealers with a net positive inventory change between
day -3 to 0. The three time periods are 2002Q3-2007Q2, 2007Q3-2009Q4, and 2010Q1-2013Q4.
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Table 6 (continued)

Maturity Exclusions

Downgrade Exclusions

[0,1] N EW VW1 VW2 N EW VW1 VW2
Pre-crisis
1 830 20.22%** 6.34*** 6.17*** 243 98.19*** 96.18*** 81.19***
(1.58) (0.69) (0.77) (22.39) (11.80) (14.18)
2 794 20.78%** 7.31%** 7.13%** 245 157.89*** 188.18*** 166.18***
(1.59) (0.69) (0.88) (41.48) (26.10) (32.58)
3 780 21.15%** 7.66*** 7.94%** 243 160.68*** 184.35%** 155.62%**
(1.64) (0.76) (0.84) (40.61) (24.27) (30.42)
4 T 23.03*** 7.87F** 8.33*** 234 168.71*** 195.90*** 172.19%**
(1.86) (0.99) (0.89) (34.01) (19.87) (24.40)
5 763 22.17*** 7.59%** 7747 229 193.42%** 220.81*** 196.05%**
(1.69) (0.87) (1.02) (37.09) (20.18) (24.74)
10 727 21.29%** 8.05*** 8.20*** 226 251.28*** 295.58%** 256.95***
(1.75) (1.29) (1.14) (71.83) (36.06) (48.59)
20 688 22.76%** 7.20%** 7.53%** 215 173.15%** 154.53*** 124.79***
(2.31) (0.86) (1.10) (36.87) (17.01) (19.49)
30 675 23.22%** T7.92%** 7.50%** 209 173.25%** 174.94*** 142.36***
(2.35) (1.11) (1.16) (63.66) (20.69) (21.05)
Crisis
1 269 46.33*** 50.43*** 43.02%** 107 58.60 59.14 93.56*
(4.51) (7.51) (6.62) (43.07) (37.19) (55.86)
2 254 46.57%** 50.86*** 42.12%** 101 80.74 65.61 112.61*
(5.73) (8.13) (8.22) (74.52) (51.91) (59.99)
3 236 49.80*** 56.52%** 52.18%** 102 42.16 74.38 130.23***
(6.95) (9.91) (10.43) (88.86) (68.72) (17.95)
4 235 52.96*** 56.89*** 48.79*** 93 50.22 118.90 174.51**
(6.32) (7.75) (7.69) (135.23) (123.68) (82.21)
5 230 53.18*** 56.27*** 47.12%** 87 82.48 152.41 260.06**
(8.54) (8.86) (7.70) (157.06) (155.66) (105.61)
10 211 63.28*** 68.71%** 54.53*** 91 162.46 193.45 344.43***
(8.59) (9.81) (10.72) (174.87) (145.00) (121.83)
20 211 76.35%** 72.47%%* 54.52%** s 234.47 334.32** 492.31%**
(13.67) (16.76) (17.55) (203.77) (169.83) (173.18)
30 206 96.55*** 102.75%** 80.71%** 71 -139.2 270.88* 373.44***
(20.74) (26.35) (22.95) (381.10) (164.37) (118.32)
Post-crisis
1 1,085 26.27*** 13.53*** 13.30*** 213 99.91 292.93*** 294.79***
(2.06) (1.64) (1.56) (87.86) (110.71) (103.68)
2 1,054 27.16*** 13.79*** 13.59*** 208 149.92* 350.12%** 366.33***
(1.98) (1.39) (1.34) (85.42) (125.27) (115.78)
3 1,041 26.47*** 13.25%** 13.06*** 193 185.00* 488.51*** 508.88***
(2.06) (1.31) (1.29) (109.72) (174.48) (167.24)
4 995 29.46*** 13.99*** 13.62%** 185 203.06 5T7.79*** 592.19***
(2.41) (1.62) (1.56) (128.18) (204.04) (192.88)
5 990 30.06*** 14.35%** 14.08*** 188 231.84 651.57*** 682.85***
(2.45) (1.84) (1.79) (145.41) (218.76) (212.84)
10 954 30.19*** 14.87*** 14.46*** 177 173.39* 381.56%** 444.73%**
(2.26) (1.61) (1.57) (101.57) (146.80) (157.25)
20 861 34.06*** 15.93*** 16.02*** 175 314.30 807.29*** 869.89***
(3.25) (1.67) (1.74) (193.71) (281.61) (258.22)
30 814 34.20*** 15.09*** 14.37*** 163 332.27 937.37*** 965.48***
(3.29) (1.60) (1.65) (229.68) (313.65) (310.50)
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Table 7: Descriptive statistics of regression variables

This table presents descriptive statistics for the variables used in the regression analysis. The
statistics is divided into the whole sample, the downgrade sample, and the low maturity sample.
TED spread is the difference between the 3-month LIBOR rate and the 3-month T-bill rate. VIX is
the CBOR volatility index derived from the implied volatility on S&P 500 index options. Issue size
is the offering amount for the bond in millions. Dealer Lev Growth is the aggregate leverage growth
for broker-dealers obtained from the Federal Reserve Flow of Funds data. Pct Index Excluded
is the percentage of the index being reconstituted. Q is the dealer-specific aggregate imbalance.
MF Change (Pct) and INS Change (Pct) are respectively mutual funds’ and insurance companies’
percentage change in ownership of an excluded bond. Bond ownership data come from Lipper
eMAXX. Equity ret (Excl.) is the stock return, at the exclusion, of the excluded bond’s issuer.

Exclusions Variable Obs. Mean St. Dev. p25 p50 p75

All TED Spread 131 45.366 60.474 17.000 24.000 44.000
All VIX 131 20.397 8.912 14.380 17.740 23.700
All Dealer Lev. Growth 131 -0.007 0.209 -0.051 0.018 0.052
All Pct Index Excluded 131 1.146 1.175 0.742 0.910 1.209
All Issue Size (MIO) 3,314 664.91 569.02 300.00 500.00 750.00
All Dealer Inventory (Q) 3,314 4.620 13.688 0.000 0.060 2.932
All Log Issue Size 3,314 17.754 0.679 17.236 17.710 18.175
All Ins. Change (Pct) 3,230 -0.009 0.035 -0.009 0.000 0.000
All MF Change (Pct) 3,230 -0.005 0.026 -0.010 -0.000 0.000
All Equity Ret (Excl.) 2,119 0.002 0.066 -0.021 0.008 0.034
Downgrade Issue Size (MIO) 695 655.59 593.82 300.00 500.00 750.00
Downgrade Dealer Inventory (Q) 695 3.863 13.106 0.000 0.004 1.914
Downgrade Log Issue Size 695 17.572 0.749 17.066 17.461 18.016
Downgrade Ins. Change (Pct) 687 -0.023 0.059 -0.031 -0.002 0.000
Downgrade MF Change (Pct) 687 -0.002 0.034 -0.006 0.000 0.004
Downgrade Equity Ret (Excl.) 461 -0.004 0.083 -0.039 0.001 0.041
Maturity Issue Size (MIO) 2,619 667.38 562.35 300.00 500.00 750.00
Maturity Dealer Inventory (Q) 2,619 4.821 13.833 0.000 0.076 3.270
Maturity Log Issue Size 2,619 17.803 0.650 17.252 17.735 18.187
Maturity Ins. Change (Pct) 2,543 -0.005 0.023 -0.006 0.000 0.000
Maturity MF Change (Pct) 2,543 -0.006 0.023 -0.011 -0.000 0.000
Maturity Equity Ret (Excl.) 1,658 0.004 0.061 -0.018 0.009 0.032
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Table 9: Bid-bid returns and the hidden cost of indexing

This table replicates Table 6, except that the time 4¢ price is an average (across all dealers) of the
buy price. For negative t, we compute bid returns from —t to 0; for positive ¢, we compute bid
returns from 0 to ¢. Consistent, with Table 6, prices at time zero are dealer-specific. Returns are
only calculated for the most recent time period.

Maturity Exclusions Downgrade Exclusions

[0,¢] N EW VW1 VW2 N EW VW1 VW2

Intertemporal Bid-Ask Spreads

-10 888 -15.04%%* -7.20%* -6.66"* 179 -236.2%* -357.3%* -349.3%
(2.83) (2.89) (3.03) (112.38) (153.68) (143.63)
-5 973 -10.41%** -2.91 -2.96 198 -286.9%* -216.4%%* -196.3**
(2.20) (1.90) (2.03) (132.66) (75.00) (92.02)
-4 1,059 -9.56%** -1.77 -1.70 192 -217.0* S117.1%%* -87.04*
(2.09) (1.64) (1.65) (127.68) (42.04) (47.91)
-3 1,216 -7.86%%* -1.28 -1.68 202 -190.0 -111.4% -87.19
(2.24) (1.78) (1.65) (123.68) (48.42) (61.57)
1 947 5.87%% -2.01* -2.40* 208 83.49 380.83* 404.00%*
(1.65) (1.13) (1.36) (118.02) (167.58) (161.34)
2 911 5.60%** -2.13* -2.63% 214 158.80 488.26"* 515.44%%*
(1.73) (1.13) (1.27) (130.18) (197.33) (189.08)
3 904 6.37%%* -1.05 -1.46 204 210.10 621.78** 662.27%%*
(1.56) (0.99) (1.13) (161.63) (253.37) (256.40)
4 885 7.29%%* -1.28 -1.34 188 231.39 736.97% 756.72*
(1.30) (1.02) (1.17) (192.10) (304.91) (314.49)
5 880 8.34%%* -1.96* -2.53% 181 264.08 830.50%* 883.80%*
(1.48) (1.15) (1.28) (220.66) (343.04) (349.79)
10 895 13.16%** 1.15 1.02 174 131.33 475.54% 577.63%
(2.50) (1.96) (2.11) (147.23) (218.24) (241.65)
20 871 18.79%** 4.16 3.61 166 357.55 1043.1% 1124. 7%+
(3.36) (2.79) (2.56) (301.68) (373.96) (358.72)
30 832 23.88*** 7.10%* 6.02* 174 524.61 1406.5*** 1439.4%+
(4.40) (3.02) (2.87) (355.04) (443.29) (421.69)

Abnormal Returns

-10 888 -21.61%%* -13.00%** -12.91%%* 179 -322.3** -566.6** -530.1**
(2.03) (2.00) (2.03) (152.23) (257.04) (257.97)

-5 973 -15.35%** -7.64%% 778 198 -354.9** -385.2+* -363.3**
(1.32) (1.32) (1.48) (154.12) (153.03) (169.78)

-4 1,059 -14.44%%* -6.66%** -6.86%** 192 -290.3** -293.7% -262.8%*
(1.50) (1.24) (1.18) (146.19) (121.61) (127.92)

-3 1,216 -12.01%** -5.12%%* -5.65%** 202 -262.7* -287.9%* -259.6*
(1.82) (1.33) (1.06) (144.22) (119.64) (135.19)

1 947 4.89%* -2.60%** 2.76%* 208 55.66 304.63** 324.98**
(1.65) (0.80) (0.91) (100.57) (136.67) (133.71)
2 911 3.77 -3.51%%* -3.78%* 214 110.44 358.86** 384.37%%*
(1.52) (0.69) (0.68) (100.82) (146.05) (142.49)
3 904 3.94%% -3.05*** -3.25%* 204 149.10 463.94** 504.06%**
(1.49) (0.76) (0.82) (124.28) (188.31) (195.66)

4 885 4,147+ -3.73%* -3.49%* 188 167.47 563.32** 594.10**
(1.29) (0.82) (0.83) (146.60) (224.34) (234.20)
5 880 4.61%% 4TER -5.10%** 181 198.02 647.02** 700.37**
(1.26) (0.88) (0.94) (173.08) (262.52) (268.95)

10 895 7.00%* -3.35%* 3.7 174 105.16 438.89** 539.66**
(1.86) (1.35) (1.51) (135.07) (198.27) (215.33)
20 871 8.59%%* -2.46%* -2.28 166 264.48 781.47%%* 847.64%%*
(2.06) (1.22) (1.40) (231.05) (287.87) (283.36)
30 832 6.83%%* -5.27%%* -5.21%%* 174 312.39 935.26%** 966.08%**
(2.21) (1.34) (1.43) (257.10) (315.03) (305.35)
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Table 10: Distribution of Investment Categories over Time

This table reports the absolute and relative frequencies of the investment categories represented in
the Lipper eMAXX institutional bond holdings database. The observations on which the frequencies

are computed are at the fund*date level.

Period Freq. Insurance Mut. F. Pens. F. Annuities Other
Pre-Crisis Count 33,879 11,686 1,255 2,693 482
% 28.65% 9.88% 1.06% 2.28% 0.41%
Crisis Count 10,894 5,643 163 1,364 281
% 9.21% 4.77% 0.14% 1.15% 0.24%
Post-Crisis Count 28,100 16,490 305 4,053 975
% 23.76% 13.94% 0.26% 3.43% 0.82%
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Table 11: Institutional Ownership Before and After the Exclusion

This table presents coefficient estimates of a regression of aggregate bond holdings (as a percentage
of the issue size) held by insurance companies (top panel) and mutual funds (bottom panel). The
regression includes issuer and time (event month) fixed effects. Robust standard errors are clustered
at the issuer level. Post is a dummy equal to one if the holding refers to either the month of the
exclusion or the next two months following the exclusion. High Inv (absorbed by the time fixed
effects) is a dummy equal to one if the exclusion event was characterized by above-median inventory
buildup. High Inv*Post is an interaction term meant to capture changes in institutional holdings
after exclusions characterized by higher than usual inventory buildup.

Downgrade Exclusions Maturity Exclusions
Pre-Crisis Crisis Post-Crisis  Pre-Crisis Crisis Post-Crisis
Insurance Companies
Intercept 0.4686 0.3562 0.1372 0.0723 0.0653 0.1049
(97.61)***  (49.47)***  (29.58)*** (1.25) (0.74) (3.69)***
Post -.0233 -.0373 -.0440 -.0067 -.0131 -.0071
(-2.43)*  (-2.59)**  (-2.59)"*  (-1.48)  (-257)**  (-1.94)*
High Inv*Post -.0074 -.0034 0.0303 0.0001 0.0061 -.0025
(-0.54) (-0.13) (1.12) (0.01) (0.71) (-0.35)
Adjusted R-Square 75.41% 70.09% 91.45% 81.07% 93.01% 81.22%
Num. of Observations 630 304 298 1,596 404 1,752
Mutual Funds
Intercept -.0023 0.0064 0.0058 0.0013 0.0261 -.0215
(-1.43) (2.27)** (1.75)* (0.27) (1.64) (-0.90)
Post 0.0008 -.0066 -.0199 0.0008 -.0050 -.0112
(0.34) (-1.17) (-2.20)** (0.84) (-2.36)**  (-6.26)***
High Inv*Post 0.0038 -.0019 0.0132 -.0004 -.0006 -.0023
(0.77) (-0.31) (0.94) (-0.33) (-0.18) (-0.73)
Adjusted R-Square 37.67% 85.66% 93.13% 35.90% 69.81% 57.21%
Num. of Observations 912 372 476 2,248 616 2,554
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Table 13: Search Frictions and Inventory Costs

Panel A shows the number of dealers participating in buying the excluded bonds over day -2 to
0. The Herfindahl index is calculated using each dealers share of the event dealer-buying volume
from day -2 to 0. Riskless principal trading is a dealer-buy in a specific bond which is reversed with
a sell from the same dealer within 60 seconds. The riskless principal fraction is the ratio of these
trades to the total dealer specific buying volume over day -2 to 0. All numbers are averages over
dealers and then months. Panel B shows selling priority as a function of dealer specific inventory.
Selling priority is 1 if the dealer executes a principal at risk sell (opposite of riskless principal) and
0 otherwise. Inventory is event and dealer specific and is set to 0 at the start of event date -2. The
regression includes all customer buys from day -2 to 0. Inventory is measured in $100 million. The
periods are 2002Q3-2007Q2 (pre-crisis), 2007Q3-2009Q4 (crisis), and 2010Q1-2013Q4 (post-crisis).
The T-test is for no difference in estimates between pre-crisis and post-crisis.

Panel A: Dealer statistics

Pre-Crisis Crisis Post-Crisis T-test
(Pre vs Post)
Number of participating dealers
Maturity exclusion 54.0 71.6 77.8 6.74%**
(2.32) (12.86) (2.30)
Downgrade exclusion 36.4 35.2 49.0 1.26
(7.01) (9.68) (6.61)
Herfindahl index for dealer market share
Maturity exclusion 0.132 0.114 0.101 -2.38%*
(0.0095) (0.0110) (0.0094)
Downgrade exclusion 0.264 0.275 0.234 -0.72
(0.0267) (0.0526) (0.0303)
Riskless principal trading fraction
Maturity exclusion 0.106 0.121 0.116 0.68
(0.010) (0.019) (0.009)
Downgrade exclusion 0.118 0.109 0.152 1.47
(0.014) (0.021) (0.021)

Panel B: Selling Priority

Downgrade exclusions

Maturity Exclusions

Q*Post-crisis 0.256*** 0.379***
(0.016) (0.024)
Q*Crisis 0.098*** 0.256***
(0.006) (0.081)
Q*Pre-Crisis 0.063*** 0.204***
(0.004) (0.059)
Period fixed effects Yes Yes
N 237,310 45,450
T-test (pre vs post) 9.60*** 2.73***
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Table 15: Bank versus Non-bank reaction

Panel A shows the market share fraction of the event buying volume handled by banks. The buy
share is the market share of the buying volume handled over event day -2 to 0. Inv share is the share
of the total inventory buildup held by banks over event day -2 to 0. Note that the later measure
is not bounded between 0 and 1 because inventory buildup could be negative. All numbers are
average across events for downgrade exclusions respectively maturity exclusions. The T-test is for
no difference in estimates between pre-crisis and post-crisis. Panel B reports triple interactions of the
form @Q * Period * Bank, where Period is one of three sub-periods: 2002Q3-2007Q2 (pre-crisis), and
2010Q1-2013Q4 (post-crisis). The triple interactions, including the one involving 2007Q3-2009Q4
(not reported to save space), are from regressions that are otherwise identical to those estimated
in Table 12. A t-test for the difference in the postcrisis interaction and the precrisis interaction is

reported at the bottom of the table.

Panel A: Market share for banks (vs Non-Banks)

Downgrade Maturity
Buy Share Inv Share Buy Share Inv Share
Post-crisis 0.696 0.874 0.663 0.640
(0.016) (0.035) (0.017) (0.038)
Crisis 0.779 0.844 0.552 0.759
(0.017) (0.030) (0.048) (0.160)
Pre-Crisis 0.760 0.906 0.769 0.825
(0.013) (0.025) (0.024) (0.047)
T-test (pre vs post) 3.02%** 0.75 3.61*** 3.05%**
Panel B: Diff-in-Diff of bank vs non-bank elasticity estimate
Event Window: (0,t] 1 5 10 20 30
Q*Post-crisis*Bank 0.872%** 1.848%**  1.444%**  2.673%*¥*  2.566%**
(0.317) (0.641) (0.539) (0.688) (0.711)
Q*Pre-crisis*Bank -0.142 -0.294 -0.562%* -0.0419 -0.162
(0.191) (0.336) (0.277) (0.283) (0.426)
Controls and lower-level interactions included
Observations 15,443 14,371 13,851 13,153 12,685
Adjusted R-squared 0.222 0.300 0.246 0.377 0.344
Dealer FE YES YES YES YES YES
Rating*Period FE YES YES YES YES YES
t-test (Diff-Diff) 13.47*** 13.87*** 14.40*** 19.71%** 12.48***

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Figure 1: Corporate bond market statistics
Panel A shows the primary dealer inventories in corporate securities (investment-grade above 1 year

in maturity) and in corporate bonds. The first series can be retrieved from the New York Fed
statistics on primary dealer holdings. The graph on corporate bonds can be retrieved from the same
place after March 2003. The numbers prior to that date have been computed by Goldman Sachs
using yearly SEC-filings from the primary dealers. Panel B shows the market liquidity measure from
Dick-Nielsen, Feldhiitter, and Lando (2012) which can be downloaded from peterfeldhutter.com.
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Figure 2: Index Exclusions Over time
This figure plots the number of bond (square) and firm (circle) exclusions from the Barclay’s

investment-grade Index. The top panel presents the exclusions due to maturity; the bottom panel

presents the exclusions due to rating deterioration. The shaded area represents the sub-prime crisis.
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Figure 3: Trading activity around the event.
This graphs show the average trading volume around the monthly exclusions. Panel A shows the

trading volume for the bonds excluded because of low maturity. Panel B is for the bonds excluded
because of a downgrade to speculative-grade. Trading volume is aggregated across all the bonds

excluded at a given event date and then averaged across all event dates.
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Cum. dealer inventory (USD millions)

A shows the inventory for the bonds excluded because of low maturity. Panel B is for the bonds
excluded because of a downgrade to speculative-grade. Cumulative inventory is found by subtracting
dealer sells from dealer buys and cumulating the imbalance over time. The dealer inventory is relative

to the arbitrarily chosen starting point at event day -100. Inventory is aggregated across all the bonds
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Figure 4: Cumulative dealer inventory around the event date.
This graphs show the average cumulative dealer inventory around the monthly exclusions. Panel

excluded at a given date and then averaged across all the event dates.
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Figure 5: Cumulative dealer inventory by sub-period.
This graphs shows the cumulative dealer inventories for three periods. Pre-crisis: 2002Q2 to 2007Q2,

Crisis: 2007Q3 to 2009Q4, and Post-crisis: 2010Q1 to 2013Q4. The cumulative inventory and the

two panels are calculated as in Figure 4, except that the referencing point is now event day -30.
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Figure 6: Mutual Fund Growth
The figure shows the the total bond par value (blue line) held by mutual funds covered by Lipper
eMAXX. The red line with triangles reports holdings by mutual funds specializing in speculative-

grade bonds.
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Figure 7: Institutional Ownership Before and After Index Exclusions
The figure shows the holdings, as a percentage of the issue size, held by insurance companies (left

charts) and mutual funds (right charts) in bonds that exit the Barclays Investment-Grade Index

either because they are within one year of maturity (top charts), or because the median bond rating

falls below investment-grade (bottom charts). Each chart reports bond ownership for each subperiod

considered in this study. Within each subperiod, the charts also report bond ownership before the

exclusion (blue, left bars, labeled as 0) and up to two months after the exclusion (red, right charts,

labeled as 1).
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Figure 8: Trading and inventory around the downgrade date.
This graphs show the average trading volume and cumulative dealer inventory around the downgrade

date. The downgrade date is the date at which the bond changes index rating from investment-
grade to speculative-grade. Trading volume is aggregated across all the downgraded bonds. The
cumulative inventory is calculated as in Figure 4, except that the referencing point is now event day

-50 and event time is now relative to the downgrade date.
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Figure 9: Trading and inventory for specific downgrade constellations
The graphs show trading activity (calculated as in Figure 3) and cumulative inventory (calculated

as in Figure 4). Event time in these graphs are relative to the index exclusion date (the right vertical
line). The left vertical line is the downgrade date. The time lag between downgrade date and index
exclusion is kept constant at 17 days which is the most common number of days between the two

events. Volume and inventory are not averaged as in the former graphs.
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Table A1l: Abnormal trading activity around maturity exclusions

This table shows the average abnormal transaction volume around the monthly exclusions due to low
maturity. The first average is across event dates for all bonds excluded at the event (the portfolio
of bonds excluded). The benchmark trading volume is the average over event day -100 to -50 before
the event. The second average is across all bonds (each bond separately), the benchmark is again
average daily trading volume over event day -100 to -50. Event time is measured relative to the
exclusion date which is day 0. Fraction is the transaction volume relative to the volume at the
exclusion date. Volume is measured in $millions.

By event By bond
Event time Volume T-test Fraction Volume T-test Fraction
-100 4,5 1,53 0,02 0,2 1,56 0,02
-50 5,1 1,26 0,03 0,3 1,37 0,03
-40 0,7 0,25 0,00 0,0 0,24 0,00
-30 0,9 0,30 0,01 0,0 0,35 0,01
-20 16,6 2,36 0,09 0,8 3,02 0,09
-10 19,4 3,02 0,11 1,0 3,06 0,11
-9 13,2 2,80 0,07 0,7 4,08 0,07
-8 18,9 4,25 0,11 1,0 4,73 0,11
-7 17,5 4,58 0,10 0,9 5,46 0,10
-6 23,5 4,58 0,13 1,2 6,43 0,13
-5 27,1 4,17 0,15 14 5,33 0,15
-4 67,7 5,14 0,38 3,4 12,10 0,38
-3 114,1 7,65 0,64 5,8 17,83 0,64
-2 116.,9 9,09 0,65 5,9 16,33 0,65
-1 91,5 8,88 0,51 4,6 16,43 0,51
0 1789 12,38 1,00 9,0 25,29 1,00
1 59,0 9,16 0,33 3,0 13,03 0,33
2 54,4 8,51 0,30 2,8 11,00 0,30
3 46,9 8,25 0,26 2,4 10,13 0,26
4 40,4 6,51 0,23 2,0 9,21 0,23
5 34,2 6,72 0,19 1,7 8,09 0,19
6 32,5 5,72 0,18 1,6 7,13 0,18
7 16,0 3,58 0,09 0,8 4,12 0,09
8 26,3 6,26 0,15 1,3 7,46 0,15
9 26,7 6,53 0,15 1,3 7,52 0,15
10 13,3 3,40 0,07 0,7 4,09 0,07
20 2,2 0,77 0,01 0,1 0,79 0,01
30 4,7 1,34 0,03 0,2 1,64 0,03
40 7,9 2,06 0,04 0,4 2,20 0,04
50 2,1 0,50 0,01 0,1 0,64 0,01
100 -3,8 -1,08 -0,02 -0,2 -1,16 -0,02




Table A2: Abnormal trading activity around downgrade exclusions

This table shows the average abnormal transaction volume around the monthly exclusions due to a
downgrade. The first average is across event dates for all bonds excluded at the event (the portfolio
of bonds excluded). The benchmark trading volume is the average over event day -100 to -50 before
the event. The second average is across all bonds (each bond separately), the benchmark is again
average daily trading volume over event day -100 to -50. Event time is measured relative to the
exclusion date which is day 0. Fraction is the transaction volume relative to the volume at the
exclusion date. Volume is measured in $millions.

By event By bond
Event time Volume T-test Fraction Volume T-test Fraction
-100 -4,1 -1,03 -0,02 -0,5 -1,03 -0,02
-50 7,2 0,88 0,04 0,9 1,33 0,04
-40 -8,8 -1,30 -0,05 -1,1 -2,31 -0,05
-30 -6,0 -2,35 -0,03 -0,8 -2,27 -0,04
-20 4,6 0,45 0,03 0,5 0,79 0,02
-10 33,6 1,88 0,19 4,0 3,73 0,18
-9 27,9 2,00 0,15 3,3 3,49 0,15
-8 38,9 1,76 0,21 4,6 4,27 0,21
-7 41,9 2,95 0,23 5,0 5,14 0,23
-6 21,1 2,31 0,12 2,5 3,74 0,11
-5 18,4 2,66 0,10 2,1 3,33 0,10
-4 30,1 2,48 0,17 3,6 5,11 0,16
-3 48,2 4,01 0,27 5,8 6,99 0,26
-2 60,3 4,58 0,33 7.4 9,74 0,34
-1 81,4 4,99 0,45 9,9 10,35 0,45
0 181,2 5,33 1,00 21,9 12,27 1,00
1 43,0 3,48 0,24 5,1 7,12 0,23
2 56,2 3,90 0,31 6,8 7,79 0,31
3 57,4 4,71 0,32 6,9 6,45 0,32
4 34,5 2,85 0,19 4,1 5,08 0,19
5 27,6 3,92 0,15 3,3 5,09 0,15
6 23,2 3,34 0,13 2,8 4,05 0,13
7 16,5 1,66 0,09 1,9 3,06 0,09
8 18,7 2,22 0,10 2,2 3,31 0,10
9 3,4 0,53 0,02 0,4 0,84 0,02
10 19,1 2,08 0,11 2,3 3,85 0,11
20 9,2 0,96 0,05 1,0 1,55 0,05
30 6,5 0,93 0,04 0,8 1,05 0,03
40 4,3 0,99 0,02 0,5 0,91 0,02
50 5,5 0,42 0,03 0,6 0,92 0,03
100 11,9 0,93 0,07 1,3 1,47 0,06
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Table A9: Dealer intertemporal bid-ask spreads

This table shows the dealer-bond specific returns of bond excluded from the Barclay Corporate Bond
Index because of downgrade from investment-grade to speculative-grade. Returns are calculated as
log price changes between day 0 (the exclusion date) and day t after the exclusion. The returns
are calculated as seen from the dealers perspective. The intertemporal bid-ask spread is calculated
using the dealer-buy price (dealer-specific average buy price over day -2,-1, and 0) and the average
dealer sell price at day t (average across all dealers). EW returns are equally-weighted across all
excluded bonds. VW1 is weighted by the aggregate buying volume in the specific cusip for all dealers
with a positive inventory buildup in the bond. VW2 is weighted by the aggregate inventory buildup
for dealers with a net positive inventory change between day -3 to 0. The three time periods are
2002Q3-2007Q2, 2007Q3-2009Q4, and 2010Q1-2013Q4.
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Table A9 (continued)

Maturity Exclusions

Downgrade Exclusions

[0,1] N EW VW1 VW2 N EW VW1 VW2
Pre-crisis
1 830 22.87*** 9.34*** 9.45%** 243 139.73*** 162.06*** 147.54***
(1.59) (1.03) (0.95) (30.24) (15.24) (19.32)
2 794 25.34%** 12.61%** 12.34*** 245 250.70*** 333.73*** 307.93***
(1.72) (1.16) (1.20) (73.42) (41.01) (49.27)
3 780 26.63*** 14.36*** 14.45%** 243 282.37*** 368.52*** 335.56***
(1.71) (1.10) (1.17) (76.85) (38.67) (46.17)
4 T 29.42%** 16.05*** 15.97*** 234 267.30*** 328.41*** 308.38***
(1.78) (1.16) (1.21) (53.98) (19.80) (22.74)
5 763 30.26*** 17.09*** 16.79*** 229 318.45%** 389.00*** 367.67***
(1.76) (1.18) (1.36) (63.18) (20.36) (23.37)
10 727 35.49%** 24.30%** 23.55%** 226 389.65*** 500.46*** 460.66***
(1.95) (1.55) (1.55) (108.18) (48.83) (61.31)
20 688 51.52%** 39.69*** 37.04*** 215 367.99*** 399.81*** 373.50***
(2.67) (3.82) (2.84) (72.77) (16.13) (18.71)
30 675 64.94*** 54.87*** 51.80*** 209 422.03*** 513.42*** 470.94***
(3.47) (4.53) (4.18) (133.35) (42.26) (48.03)
Crisis
1 269 55.87*** 58.36%** 51.22%** 107 48.13 65.43 110.55*
(4.70) (8.42) (6.84) (64.33) (56.01) (61.98)
2 254 55.15%** 57.95%** 50.15%** 101 70.68 76.11 135.18*
(3.99) (8.42) (7.31) (114.00) (82.37) (76.22)
3 236 59.07*** 61.12%** 58.62%** 102 14.65 87.71 161.95%**
(5.81) (7.51) (8.99) (155.69) (110.50) (32.63)
4 235 63.17*** 62.12%** 58.59%** 93 30.42 155.40 233.01**
(7.61) (8.42) (8.96) (218.53) (175.20) (106.29)
5 230 70.03*** 67.27*** 62.56*** 87 65.02 193.97 334.67**
(7.25) (6.91) (8.61) (259.23) (217.94) (135.26)
10 211 82.52%** 79.42%** 73.19%** 91 241.79 296.57* 463.31***
(7.72) (10.07) (14.24) (239.84) (175.62) (162.54)
20 211 122.81%** 94.50*** 86.86™** T 442 .86 467.30*** 576.55%*
(21.98) (15.90) (12.27) (237.83) (157.09) (245.28)
30 206 156.75%** 130.99*** 119.01%** 71 125.36 412.56*** 427.40%**
(30.15) (30.79) (25.94) (401.03) (108.75) (95.25)
Post-crisis
1 1,085 27.34*** 14.15%** 13.67*** 213 123.91 365.93*** 372.42%**
(1.98) (1.53) (1.53) (104.34) (140.10) (130.75)
2 1,054 29.08*** 15.21%** 14.64*** 208 193.05* 474.34*** 494.84***
(2.08) (1.33) (1.36) (113.65) (176.12) (161.93)
3 1,041 29.04*** 15.38*** 14.89*** 193 240.29* 644.88*** 667.15%**
(2.25) (1.29) (1.26) (145.11) (238.38) (227.59)
4 995 32.47%** 16.57*** 15.84*** 185 263.72 T57.23*** 770.70***
(2.67) (1.77) (1.76) (170.14) (281.96) (270.09)
5 990 33.71%** 17.38*** 16.85*** 188 301.42 844.22*** 874.81***
(2.79) (1.97) (1.95) (189.23) (293.98) (287.45)
10 954 36.16*** 19.36*** 18.70*** 177 199.79* 413.16™* 475.31%**
(2.98) (2.15) (2.14) (114.79) (165.45) (183.77)
20 861 44.38*** 22.90*** 21.85%** 175 398.41 1061.0*** 1136.2***
(4.90) (3.33) (3.22) (259.29) (383.43) (350.20)
30 814 51.82%** 27.64*** 25.31%** 163 538.57* 1407.1%** 1434.4***
(5.95) (3.84) (3.50) (317.62) (441.14) (430.70)
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Figure A1l: Cost of immediacy before and after the crisis.
The figure provides a graphical representation of the estimates in Table 6.
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