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Liquidity Sensitive Trading and Fire Sales by Corporate
Bond Mutual Funds

Abstract

We examine the extent to which corporate bond funds absorb investor redemptions
and fire sale risk using internal and external liquidity. In contrast to well-
documented evidence reported in equity mutual fund studies, trading by corporate
bond funds is highly sensitive to cash holdings and market liquidity. On average,
they keep more than 10% of their assets in cash and sell only 79bps of bond
holdings for one percent outflows, instead of selling on a one-for-one basis. Thus,
flow-driven fire sales are pronounced only for liquid bonds held by low-cash funds.
Using an identification strategy exploiting same-issuer bonds held by funds with
different outflows, we find that such flow-driven fire sales cause significant price
declines, which subsequently reverse in the next quarter. We document even
stronger flow-driven price impact during turbulent times, e.g., the 2013 “taper
tantrum.” Also, low-cash funds represent an increasingly larger fraction of the
corporate bond fund sector, suggesting that market-wide flow events can threaten
financial stability.

JEL Classification: G11, G12, G14
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1. Introduction

Understanding the impact of flow-driven asset sales by bond funds is an important issue in

light of recent developments in financial markets. Since the Great Recession, unprecedented

amounts of money have poured into corporate bond funds. Asset managers and retail investors

following this trend are increasingly shifting their portfolios towards riskier corporate bonds

(Feroli et al., 2014). Investors may suddenly redeem from bond funds, as they did during the 2013

“taper tantrum” episode, which can threat financial stability. Moreover, with stricter capital

requirements and the Volcker Rule being enforced, market liquidity has dried up due to the now-

limited balance sheet capacity of dealer banks. To what extent investor flows drive asset fire sales

in the corporate bond market became a critical issue in financial stability.

Given the widespread consensus in the equity fund literature that fund flows result in

significant price pressure,1 a natural corollary might be that bond fund flows could exert even

greater price pressure as liquidation risk in corporate bonds is severe.2 There are, however, reasons

for the difficulty of deriving a similar conclusion for corporate bonds from the available equity

fund evidence. Knowing that liquidation costs can be substantial, bond funds can take

precautionary measures to buffer investor redemptions or selectively trade liquid securities. Thus,

funds can internally absorb liquidity demand from investors by relying less on liquidity provision

from market makers. Moreover, identifying flow-driven forced trading from information-driven

trading is challenging, as any unobservable variables can affect both fund trading and asset prices

simultaneously. Whether bond funds are forced to trade given significant flows and also whether

any such forced trades incur price pressure are open, interesting empirical questions.

Our purpose of this paper is two-fold. First, we examine the extent to which liquidity-

sensitive trading conducted by corporate bond funds absorbs liquidity demand from investor flows,

employing a detailed bond holdings database of Morningstar from 2002 through 2014. We find

that funds selectively trade liquid securities and actively use cash buffers to meet investor liquidity

1 See, e.g., Coval and Stafford (2007), Frazzini and Lamont (2008), Lou (2012), Edmans, Goldstein, and Jiang (2012),
Khan, Kogan, and Serafeim (2012), among many others.
2 Chen, Goldstein, and Jiang (2010), Ellul, Jotikasthira, and Lundblad (2011), and Goldstein, Ng, and Jiang (2017).
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needs, which contrasts with the proportional expansion and reduction of existing holdings

documented in equity mutual fund studies. As a result, flow-induced trading is pronounced only

for liquid bonds held by funds with low cash holdings Second, we isolate the effect of flow-driven

trading from information-driven trading and document price pressure from flow-induced fire sales,

using difference-in-differences regressions. Our treated bonds are the ones held by funds with

substantial outflows, whereas the control bonds are the ones issued by the same firms as the treated

bonds but held by funds without substantial outflows. This difference-in-differences approach

allows us to control for firm-specific information, which can drive both fund trading and asset

price changes. We find significant price pressure particularly for liquid bonds held by low-cash

funds, consistent with liquidity-sensitive trading by corporate bond funds. At the same time, we

also find substantial price impact lasting for months during the taper tantrum in 2013, which also

suggests that funds’ management of liquidity might not be substantial enough to absorb severe

redemption demand from investors during such market-wide events.

Liquidity management is particularly important for corporate bond funds as opposed to

equity funds, as is demonstrated by recent empirical and theoretical advances in the literature. On

the one hand, the corporate bond market is inherently illiquid and transaction costs are high.3

Moreover, the corporate bond market is fragile due to potential fund runs originating from strategic

complementarities (e.g., Chen et al. 2010 and Goldstein et al. 2017). Faced with potential damage

arising from redemptions and fund runs, funds would hoard on cash to absorb flows without

liquidating their holdings, as noted by Chen et al (2010). On the other hand, secondary market

liquidity has reduced significantly following the regulations in the banking sector (e.g.,

Bessembinder et al. 2017 and Bao, O’Hara, and Zhou 2016). Based on these considerations,

liquidity management by funds, either through internal liquidity or external market liquidity, is an

important issue for corporate bond funds, even when cash holdings are costly and hurt fund

performance.

Identifying fire sale price pressure faces empirical challenges because of unobservable

information that will drive both asset prices and fund trading, which gives rise to an endogeneity

3 See, for example, Longstaff, Mithal, and Neis (2005), Chen, Lesmond, and Wei (2007), Bao, Pan, and Wang (2011),
de Jong and Driessen (2012), Feldhütter (2012), Dick-Nielsen and Rossi (2017) among many others.
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problem that would bias empirical estimation of price pressure. For example, upon receiving a

negative signal regarding the fundamentals of the bonds held by funds, investors might request

redemptions and prices of the bonds will also simultaneously decline. Similarly, fund managers

might sell bonds with negative outlook when they have to liquidate their positions given investor

redemptions (e.g., Berger 2017). In our empirical analyses, we overcome these challenges by

matching multiple corporate bonds having a same issuer, thus providing a nice way to identify

flow-driven price pressures. In particular, we employ a difference-in-differences approach to

mitigate endogeneity concerns, since it controls for any unobservable shocks that are common to

the issuers by comparing price changes between bonds with severe fund outflows and bonds

without outflows.

Our main findings are as follows. We show that corporate bond funds do not shrink or

expand their investments proportionally, or in dollar-for-dollar fashion, in response to investor

flows. Instead, these funds trade disproportionately fewer corporate bonds by using cash buffers

or trading other liquid asset classes. For example, funds decrease 79 bps of their corporate bond

holdings for every one percent of investor outflows. For inflows, funds increase only 54 bps of

their corporate bond holdings. This result contrasts with findings reported in other studies

indicating that equity funds shrink their holdings almost proportionately to meet investor

redemption requests (Lou 2012). Furthermore, funds’ trading in response to flows is highly

sensitive to both cash holdings and market liquidity. Specifically, flow-driven sales are more

pronounced for liquid corporate bonds, especially when those funds have lower liquidity buffers.

Thus, funds absorb liquidity demand from investors through both internal liquidity and transaction

cost management. In addition, we find that the liquidity management is more pronounced among

funds belong to relatively small family. Those funds are potentially more exposed to liquidity

shortfall, as they have less access to internal liquidity provided by fund families.

This liquidity management story implies that funds are likely forced to trade only when

they have relatively poor liquidity buffers and resulting forced trading will be more pronounced in

relatively liquid bonds. We examine flow-induced price impacts on liquid bonds held by low-cash

funds, exploiting a unique feature of corporate bond markets that firms can have multiple bonds

held by funds with different outflows. In a difference-in-differences regression setting, our treated
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group comprises bonds under extreme outflows based on the pressure measure of Coval and

Stafford (2007), whereas the control group is composed of bonds of the same issuers, credit ratings,

and bond option features with similar maturities but held by funds without significant outflows.

Using the difference-in-differences regressions, we find evidence consistent with flow-induced

price pressure when low-cash funds experience significant investor flows. Bonds under price

pressures experience significantly more negative returns than control bonds with identical firm-

level fundamentals, followed by return reversal in the next quarter. In contrast, we do not find any

evidence of price impacts on relatively illiquid holdings of the low-cash funds or corporate bonds

held by funds with larger holdings in cash and cash-like securities.

Although we find price pressure mainly from low-cash funds, this result does not

necessarily imply that corporate bond markets are free from flow-driven price pressure when

markets are distressed. After all, funds with low cash holdings (representing less than 5% of their

assets) account for a substantial portion of corporate bond fund holdings: as of 2014, they hold

more than 55% of corporate bonds held by the aggregate corporate bond fund sector in our sample.

Given this backdrop, we examine a recent episode of market distress: the 2013 taper tantrum.

During the 2013 taper tantrum, we find a price pattern consistent with temporary price pressure

and reversal, but again only for low-cash funds. For relatively liquid bonds held by low-cash-

holding funds, cumulative abnormal returns were as low as -0.6% on June 28, 2013 (one week

after the Fed’s press conference on tapering), which reverted through following four months. These

results show that significant fund flows during market distress episodes can disrupt corporate bond

markets, in some cases for several months. Our results further suggest that funds hold enough cash

do not exert significant price pressures during the episode, implying the importance of liquidity

management in reducing market fragility.

Our results have important implications for the recent debate among regulators and

policymakers over financial stability in the post-financial-crisis period. Recently, the SEC

proposed new liquidity management rules for mutual funds.4 Notably, mutual funds now have to

disclose asset illiquidity and also maintain substantial holdings in relatively liquid securities to

4 http://www.sec.gov/news/pressrelease/2015-201.html
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prevent significant disruption of financial markets. Goldstein, Jiang, and Ng (2017) find that

investors of funds with less cash holdings are more subject to bank-run-like behaviors when the

fund experienced underperformance hence the low-cash funds potentially make the market more

fragile. Our results directly show the fragility implying that funds with substantial investor flows

can put significant pressure on market prices when they hold inadequate cash cushions.

This paper contributes to the literature on asset fire sales (Shleifer and Vishny 1992;

Pulvino 1998; Mitchell, Pulvino, and Stafford 2004; Coval and Stafford 2007; Mitchell, Pedersen,

and Pulvino 2007; Campbell, Giglio, and Pathak 2011; Ellul, Jotikasthira, and Lundblad 2011;

Jotikasthira, Lundblad, and Ramadorai 2012; and Ben-David, Franzoni, and Moussawi 2012).

There is also a growing body of literature on fire sales in corporate bond markets. Manconi, Massa,

and Yasuda (2012) show that investors sell more liquid corporate bonds when they are exposed to

liquidity shocks in their securitized bond holdings. Ellul, Jotikasthira, and Lundblad (2011)

document price pressure in corporate bonds driven by regulatory capital requirements for

insurance companies.

2. Data Description

2.1. Mutual Fund and Corporate Bond Data

Our sample consists of US corporate bond mutual funds, covering their trading from July

2002 through December 2014. We obtain data on mutual fund quarterly holdings from the

Morningstar database and fund returns and characteristics from the Center for Research in Security

Prices (CRSP) survivorship-bias-free mutual fund database. When there can be several share

classes within one fund, we use fund-level observations in our empirical exercises by value-

weighting share-class-level variables within the same funds using net asset values.

We classify mutual funds as corporate bond funds when the Lipper objective code is A,

BBB, HY, SII, SID, or IID or the CRSP objective code starts with ‘IC,’ following Goldstein, Jiang,

and Ng (2017). We exclude index funds, exchange-traded funds, and exchange-traded notes from
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our sample. Fund net asset values should be at least $1MM, with at least one year of holdings data

and 10 distinct holdings available at some point in the past. We further require that 0.5 < ,

,
< 3

for fund j in month t to eliminate funds with overly extreme changes in TNA. To avoid

misclassification and focus on funds largely investing corporate bonds, we require that corporate

bonds are the largest asset class in the previous quarter.5 As a result, 685 unique corporate bond

funds remain in our final sample.

We obtain bond pricing as well as terms-and-conditions information from several data

sources. The data source for corporate bond pricing is the enhanced Trade Reporting and

Compliance Engine (TRACE) database from the Financial Industry Regulatory Authority

(FINRA). Compared with the standard TRACE database, the enhanced TRACE provides actual

trade volumes. We use bond pricing data from 2005, since the coverage of the TRACE becomes

comprehensive after February 2005. 6  To filter reporting errors in TRACE, we follow the

procedures described in Dick-Nielsen (2009, 2014).7 In addition, we obtain terms-and-conditions

information from the Mergent Fixed Income Securities Database (FISD), including coupons,

ratings, maturity, amounts outstanding, and other characteristics. Our final bond-level sample after

merging TRACE, FISD, and Morningstar consists of 251,730 bond-quarter observations from

2005 and 2014.

Our measure of monthly mutual fund flows is constructed based on total net assets (TNA)

and returns from the CRSP:

, = , , ∗ ,

,
.         (1)

5 The other asset classes include cash, government Treasuries, money market funds, agency bonds, asset-backed
bonds, muni bonds, and equity.
6 The TRACE begins the full dissemination of bond transactions for the entire universe of corporate bonds from Feb
7, 2005. See http://www.finra.org/newsroom/2005/nasds-fully-implemented-trace-brings-unprecedented-
transparency-corporate-bond-market.
7 We also use the SAS codes available on Dick-Nielsen’s website. We also add price sequence based filters (reversal
and median filters) as suggested in Dick-Nielsen (2014) and Edwards, Harris, and Piwowar (2007). About 0.2% of
observations are removed from the reversal and median filters.
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where ,  is total net assets for fund j at the end of month t and ,  is monthly returns for

fund j over month t. We define quarterly flows as the sum of monthly flows during a quarter.

A monthly return on corporate bond i during month t is computed as

, = , , ,

, ,
	 − 1        (2)

where ,  is a clean price, ,  is an accrued interest, and ,  is a coupon payment, if any.

Since the majority of bonds do not trade on a daily basis, we define the month-end price ,  as

the last available daily price within 5 days of the end of month t where the daily price is a trading-

volume-weighted price for each day, following the procedures described in Bessembinder, Kahle,

Maxwell, and Xu (2009). Definitions for all the variables used in this study are also detailed in

Appendix A.

2.2 Summary Statistics

Table 1 provides sample statistics for fund-level (Panel A) and bond-level (Panel B)

variables. Corporate bonds are the largest asset class in the holdings of our sample firms, with

about 65.99% of their total net assets (see Corporate Bond Ratio). Also, our sample funds maintain

relatively high cash holdings on average (10.33% of total net assets) when we include cash-like

securities in calculating cash holdings.8 At the same time, the standard deviation of cash holdings

is quite substantial (9.81%) and the bottom 25th-percentile firms have only 3.00% of cash holdings,

suggesting that many funds can be forced to liquidate their security holdings given substantial

outflows. Panel B reports bond illiquidity measured as percentiles of zero trading days (ZTD) in a

quarter as in Chen, Lesmond, and Wei (2007). The average ZTD is 59.12% and the 75th percentile

is 95.38%, indicating that bonds held by mutual funds are traded for approximately 40% of days

8 We categorize Treasury bonds, money market funds, and repurchase agreements as cash-like securities. See the
Appendix B for the detailed description of cash items.
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in a quarter, and more than 25% of the bonds are almost not traded in a quarter. Corporate bonds

held by our sample funds are quite illiquid.

3. Liquidity Sensitive Trading by Mutual Funds

In response to capital flows, funds should adjust their holdings. In a frictionless market

with no wealth effect or liquidity constraint, funds’ portfolio decisions should not depend on

investor flows. Funds would scale their portfolios up or down proportionally in response to

investor flows, since funds can respond to investor liquidity demand (i.e., redemption requests) by

resorting to market liquidity (i.e., selling existing portfolios). In addition, funds would not need to

pile up cash holdings, since holding cash can hurt fund performance. Existing studies indeed find

that equity funds’ cash holdings are not significant (Simutin 2014)9 and they tend to adjust their

positions proportionally, or in dollar-for-dollar fashion, for investor flows. Hence, cash buffers

play only a limited role (e.g., Lou 2012).

The trading behaviors of corporate bond funds in response to flows will not necessarily be

similar to those of equity funds. Corporate bond funds have stronger incentives to selectively trade

relatively liquid corporate bonds and also use cash buffers, because corporate bonds are highly

illiquid and liquidation costs can be substantial. Thus, these funds might not engage in proportional

scaling of their holdings. In this section, we examine trading by corporate bond funds, focusing on

the impact of market liquidity and cash holdings.

3.1. Trading by Corporate Bond Funds in Response to Capital Flows

Table 2 shows the overall trading behavior of funds sorted on fund flows. Panel A shows

that fund trading is sensitive to internal liquidity. Note first that high-inflow funds hold higher cash

9 Simutin (2014) reports that average cash held by equity mutual funds are approximately 3% of total assets, as of
2010.
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holdings than low-inflow funds, e.g., 10.04% for the lowest-flow and 10.97% for the highest-flow

deciles, as shown in column (4), suggesting that outflow funds use cash buffers to cushion investor

redemptions while inflow funds invest slowly. In addition, columns (5) and (6) show that for low-

decile funds the ratio of corporate bond holdings with respect to assets increases, while the ratio

of cash holdings to assets decreases. If these funds would adjust corporate bond holdings

proportionally and would not use cash buffers given outflows, changes in these ratios should be

zero. Thus, columns (5) and (6) suggest that funds sell disproportionately fewer corporate bonds

and instead use cash reserves to meet investor redemptions. Similarly, high-decile funds shown in

columns (5) and (6) disproportionately decrease corporate bonds while increasing cash holdings.

Also note that fund flows vary substantially in the cross section, ranging from -14.10% to 24.81%

per quarter, and thus funds under substantial redemption requests are possibly forced to trade even

with relatively high cash holdings.

Table 2, Panel B further examines fund trading behavior in corporate bonds across the flow

deciles. We follow Coval and Stafford (2007) and examine how high-inflow versus low-inflow

funds expand or shrink existing corporate bond holdings in response to flows. Funds with extreme

outflow indeed reduce or eliminate substantial portions of their holdings. For the lowest decile,

funds reduce or eliminate 29% of existing holdings, whereas the highest-flow funds reduce or

eliminate only 13% of their holdings. In contrast, the extreme-outflow funds expand their holdings

by only 4%, while the inflow funds expand by 18%. These results are largely consistent with Coval

and Stafford’s (2007) results insofar as funds tend to shrink or expand current holdings given large

investor flows. At the same time, we also find that even extreme-decile funds keep over 60% of

their holdings unchanged, a much higher fraction than Coval and Stafford (2007) reported for

equity funds.10  These results suggest that flow-induced trading in corporate bonds might be

concentrated, possibly due to the relatively high cash buffers of our sample funds.

10 For example, Table 2 Panel B in Coval and Stafford (2007) report that inflow and outflow funds maintain less than
30% of holdings.
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3.2. Liquidity Sensitive Trading

3.2.1. The Effect of Internal and External Liquidity on Fund Trading

We formally investigate the effect of both internal and market liquidity on fund trading. In

particular, we regress funds’ corporate bond trades on flows and their interaction with liquidity

measures:

, , = + , + + , + , + ,             (4)

where the variable, , , = 	 , ,

	 , ,
− 1, is the percentage trading in bond i by fund j

at the end of quarter t. ,  is the net capital flow to fund j during quarter t, scaled by the

fund’s total net assets at the end of quarter t-1. X is a set of variables representing internal and

market liquidity, including the ratio of cash holdings to total net assets of fund j at the end of

quarter t-1 (CashRatioj,t-1) and market illiquidity measures of bond j estimated during quarter t-1.

As illiquidity measures, we employ zero trading days (ZTDi,t-1), the Roll measure (Rolli,t-1) as in

Bao, Pan, and Wang (2011), and Amihud (2002) measures of dealer liquidity provision in dealer-

buy and dealer-sell transactions, DealerAmihud(Buy) and DealerAmihud(Sell), respectively. In

addition, we include sum of all shares (in par value) for a bond held by other funds in a same

family. We also control for issuer-times-quarter fixed effects, so we are controlling for time

variation in unobservable firm-level information (e.g., default risk). We include only bonds with

time to maturity of longer than one year.11

If funds engage in proportional scaling of existing holdings in response to investor flows,

we should observe that  is one and  is zero. On the other hand, if funds trade at lower

volumes when internal liquidity is high or market illiquidity is high, we expect  to be less than

one and  to be less than zero. Like Lou (2012), we divide the sample into inflow and outflow

funds and examine any differential fund trading behavior given inflows versus outflows.

11 Results are robust to different maturity cutoffs of, e.g., three years.
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Table 3, Panel A reports the results for the outflow sample. In Column (1), the coefficient

on outflows is 0.788 (with a t-statistic of 23.42 from zero), which is also statistically different from

one. Corporate bond funds liquidate only 79 bps of their corporate bond holdings for 1 percent

outflows. Thus, their trades are far from proportional reduction in holdings, unlike equity fund

trades, suggesting that these funds use cash buffers instead of selling corporate bonds.

We examine the effect of cash holdings and also market liquidity. In Column (2) of Table

3, Panel A, the coefficient on the interaction between flows and cash holdings is -1.059 with a t-

statistic of -2.98, showing that low-cash funds liquidate more corporate bonds in response to

outflows, while high-cash funds sell smaller fractions of corporate bonds. With a one-standard-

deviation decrease in the cash ratio, the coefficient on flows increases by about 0.104. Thus, cash

holdings are an important variable for corporate bond trading. In columns (3) through (6), we also

find that funds sell fewer corporate bonds in response to outflows when these bonds are illiquid.

Specifically, the interaction terms with ZTD and Roll are -0.17 and -7.10, respectively, and both

estimates are highly statistically significant. Economic magnitudes are also significant. With a one-

standard-deviation increase in ZTD and Roll, the coefficients on flows decrease by about 0.051

and 0.107, respectively. Funds selectively trade more liquid bonds and also employ cash holdings

to absorb liquidity demand from investors.

Panel B reports largely similar results for the inflow sample. The coefficient on flow is

even smaller, 0.535, in Column (1). This is possibly because funds do not have to immediately

purchase more bonds in response to inflows. They can purchase corporate bonds slowly over time

to manage transaction costs, while outflow funds have to liquidate existing holdings if they do not

have enough cash holdings. In addition, we find that funds with high cash holdings or illiquid

corporate bonds tend to trade fewer corporate bonds, as indicated by negative coefficients on the

interaction of flows with cash holdings, zero trading days, and the Roll measure.

In summary, the results show that, unlike evidence documented in previous studies of

equity, corporate bond mutual funds do not engage in proportional scaling of investment holdings

given investor flows. Instead, these funds absorb liquidity demand from end investors using cash

buffers or selectively trading relatively liquid bonds.
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3.2.2. The Effect of Dealer Liquidity Provision on Fund Trading

The corporate bond market is over-the-counter markets where investors relying on

intermediation by dealers to get immediacy. Columns 5 and 6 in Table3AB reports the extent to

which flow sensitivity of bond trading depends on dealer liquidity provision. Our variables of

interests are the interactions of flows with DealerAmihud(Buy) and DealerAmihud(Sell), which

are the measures of price changes per volume when dealers provide liquidity to their clients,

estimated using dealer-buy and dealer-sell transactions. These variables measure how weak dealers’

liquidity provision is, since they represent price impacts driven by clients. We obtain indicators

for dealer-buy and dealer-sell from the enhanced TRACE. See the Appendix A for the detailed

definitions of these variables.

In Column 5 of Table 3A, the estimated coefficient of Flow*DealerAmihud(Buy) is -2.34

(t-statistics of -3.49). This indicates that decreases in dealer-buy liquidity provision (hence

increases in DealerAmihud(Buy)) are associated with decreases in outflow-induced trading.

Holding everything else constant, a one standard deviation increase in DealerAmihud(Buy) reduces

flow-induced trading by 12.7%. In contrast, DealerAmihud(Sell) is less relevant to the relationship

between outflows and trades, as can be seen from Column 6. Coefficient estimates on

DealerAmihud(Sell) is statistically less significant (t-statistics of -1.69) and a one standard

deviation increase in DealerAmihud(Sell) reduces flow-induced trading by 6.6%. This result is

consistent with the story that mutual fund managers consider the liquidity provision capacity of

dealers when they liquidate.

For the inflow sample (Columns 5 and 6 of Table 3B), we find that the both dealers’ selling

and buying liquidity provision becomes statistically significant. In other words, mutual funds buy

bonds with stronger dealers’ liquidity provision, given inflows. Compare to outflow samples where

funds especially consider dealer buying provision, this is consistent with the liquidity management

story that when funds buy more bonds, they consider not only the liquidity costs at the moment

but also the liquidation costs in case of redemption happens. In sum, the results provided in

Columns 5 and 6 of Panels A and B in Table 3 also present strong evidence that mutual funds’

trading behavior depends on the market liquidity of corporate bonds.
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3.2.3. The Effect of Fund Family on Liquidity Sensitive Trading

Existence of the internal capital market within mutual funds’ family can reduce burdens of

liquidity management for funds in the same family. Mutual funds experiencing large outflows can

borrow money from their family, for example by participating in interfund lending programs, to

mitigate the extent of flow-induced trading. (e.g. Agarwal and Zhao, 2017) Thus, such mutual

funds with better access to internal capital market might not be actively engaged in the liquidity

sensitive trading.

In Panel C of Table 3, we examine to what extent liquidity sensitive trading by mutual

funds affected by accesses to their family’s capital as proxied by the size of the total assets under

management in the family. Specifically, we split the sample into funds belong to relatively large

fund family and small fund family and separately examine the effects of liquidity on flow-induced

trading by using the regression specification in (4). We measure family size as total assets managed

by mutual funds in the family, as it proxies capital capacity of the family.

The results in Table 3C show that the liquidity sensitive trading is more pronounced among

funds in small fund families. The coefficient on Flow*CashRatio, for example, is -0.989 (t-

statistics of -2.20) for large-family funds whereas the coefficient is almost 2.8 times bigger, -2.474

(t-statistics of -2.98), for funds in small families. The results are similar for market liquidity

measures, such as ZTD and Roll.

In Column 4 and 8, we further examine the effect of flow-induced trading on bonds that

are held by funds in the same family. For each bond and quarter-end, we sum all shares (in par

value) held by other funds under the same management company and FamilyShares is defined as

the log of the sum. The results show that outflow funds sell a bond to a lesser extent if a large

amount of the bond is held by other funds in the same family, but only if their family is large,

perhaps because funds try to mitigate downward price pressures to bonds held by their family and

minimize reputational costs. The coefficient on Flow*FamilyShares, for example, is -0.012 (t-

statistics of -2.97) for funds in large families whereas the coefficient is almost zero and not

statistically significant for funds in small families. In sum, the results are consistent with that funds

manage their flow-driven trading to avoid exerting price pressures.
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4. Flow-Driven Price Impact by Corporate Bond Funds

4.1. Identifying Flow-Induced Trading

We identify flow-induced trading by conditioning on both significant flows and low cash

holdings relative to corporate bond holdings. In particular, we modify the Pressure measure of

Coval and Stafford (2007) by adding conditions that cash ratios be less than 5% and zero trading

day (ZTD) of bond be less than its 50th percentile within a fund-quarter:

,

=
	 ∑ 0,∆ , , , > 90 , ℎ , < 5%,	 	 	 , < 50 , 	

,

− 	
∑ 0,−∆ , , , < 10 , ℎ , < 5%, , < 50 ,

,
	 	 	 	 	 	 	 (5)

where ,  is the quarterly capital flows of fund j during quarter t, ,  is

the lagged amount outstanding of bond i in par values, and ∆ , ,  is the holding changes

in par values for bond i held by fund j. Each quarter, flows are sorted within funds having a same

lipper objective code to calculate 10th and 90th percentiles. Thus, ,  is the fraction of

purchases by funds under severe inflows minus sales by funds under severe outflows, conditional

on the funds having very low cash holdings and bonds having more liquidity relative to other bonds

held by the funds.

Then we follow Khan, Kogan, and Serafeim (2012) to make sure that the motivation of

trading is flow rather than information. Specifically, we calculate a widespread net trading for

bond i held by fund j at the end of quarter t-1, we calculate:

, =
	 ∑ 0,∆ , , 10 ≤ , ≤ 90 	

,
	 	 	 	 	 	 	 	 	 	 	 	 	 	 (6)
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We classify bonds with ,  below the 10th percentile of ,  but with

,  the middle four deciles (deciles four through seven) of , . Thus, our

fire-sale bonds are the relatively liquid bonds under large selling pressures from funds with low

cash, but not under widespread selling pressures.

The main difference between our measure and existing measures for equity funds is the

conditioning on liquidity in (5). Without conditioning on liquidity buffers and market liquidity,

the measure cannot identify price pressure from flow-induced sales by corporate bond funds. We

show in Section 4.2.3 that this is indeed the case.

4.2. Price Impact of Fire-Sales

4.2.1. Empirical Strategy: Difference-in-Difference

In the last section, we carefully distinguish sales by mutual funds that are driven by flows.

Nevertheless, identifying whether changes in prices are due to the flow-driven sales, however, can

be particularly difficult because any unobservable variables might simultaneously affect both fund

trading and asset prices. In this section, we overcome this identification problem by using

difference-in-difference regressions with bonds issued by a same firm. The purpose of our

identification strategy is to closely match two bonds so that no unobservable variables can explain

differences in prices between two almost identical bonds under different selling pressures.

Specifically, the treatment group consists of bonds under the file-sales between 2005Q2

and 2013Q4. The fire-sale is defined in Section 4.1.1. To construct the control group, for each

treated bond we pick control bonds that are issued by a same firm and having a same credit rating,

same option features such as call, put, and sinking fund provisions. We also require that differences

in times to maturities to be less than one year. If there are multiple bonds satisfying aforementioned

conditions, we pick at most two bonds with most similar age since more recently issued bonds

tend to be more actively traded. The control bonds can be replaced at the beginning of each month.

If a bond is in the treatment group, the bond cannot be in the control group. After the matching,
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the treatment group consists of 319 fire-sales and the control group consists of 438 bonds matched

at the end of the last quarter prior to fire-sales. The non-treatment group consists of all bonds held

by the low-cash funds during the same period.

For our difference-in-difference analyses, we use the following regression model:

, = + _1 , ⋅ + 0 , ⋅ + 1 , ⋅ + 2 , ⋅
+ + _1 , + 0 , + 1 , + 2 , + , + ,

(7)

where ,  is monthly returns (in percentage) on bond i during month t.  is a bond-level,

time-invariant variable indicating the treatment group. _1 ,  is a dummy variable, which is one

if month t is belong to a previous quarter of fire-sales on treated bonds (and their matched control

bonds). Similarly, 0 , , 1 , , and 2 ,  are dummy variables indicating that month t is belong

to the quarter (Q0), one quarter after (Q1), and two quarters (Q2) after the fire-sales, respectively.

We examine price impacts quarter-by-quarter because our pressures are quarterly defined and also

to increase the power of tests by taking averages of monthly returns during a quarter. Note that

issuer-times-month fixed effects ( ,  ) are included to control any time-varying unobservable

variables. Using these fixed effects also mitigate concerns that number of available control bonds

might vary across issuers and times. We include monthly returns of the treated bonds and their

matched control bonds from four quarters prior to the treatment quarter through two quarters after

the treatment. We also require that both the treated bond and at least one of its control bonds should

have returns available for month t. Finally, we exclude bonds with times to maturity less than one

year.

4.2.2. Statistics for Treated, Matched Control, and Non-treated Bonds

Table 4 provides summary statistics for treated, control, and non-treated bonds and

differences in their means and medians for the quarters prior to fire-sales quarters (i.e., event
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quarters). In Panel A, we report various characteristics about issuers, bond-level characteristics,

and snapshots about mutual funds in our sample who hold the bond. (See Appendix A for variable

definitions.) We find that firms issued treated and control bonds (since they have a same issuer)

are larger firms having more number of bond outstanding with higher average bond ratings. This

is perhaps because treated bonds issued by firms with more number of bonds might get more easily

matched.

Moving to the bond-level characteristics, the treated bonds have on average similar ratings

and slightly longer, by about 0.7 year, times to maturity. Note that treated bonds can have different

number of matched control bonds (one or two) and this is why differences in rating is not zero. In

our analyses, we always use treated and matched control bonds with same credit ratings. In

addition, treated bonds have larger amount outstanding but similar proxies for liquidity such as

age, Roll, and DealerAmihud(Buy) are not statistically different across treated and control groups.

Compare to the non-treated bonds, treated bonds are significantly liquid by any measures. For

example, average Age of treated bonds are younger by about two years than average Age of non-

treated bonds. This is because funds are selectively fire-sale liquid bonds as our definition of price

pressures are conditioned on bonds’ liquidity. In the corporate bond market, more recently issued

bonds tend to be more actively traded since bonds are likely to be absorbed by buy-and-hold

portfolio as they get more aged. Finally, moving to the snapshots on mutual fund holders, treated

bonds are held by 19 mutual funds with 11% of cash ratio, on average, whereas control bonds are

held by 12 mutual funds with 11% of cash ratio.

In Panel B, we report mean and median on monthly returns of treated and matched control

bonds from four quarters through one quarter prior to the fire-sales. To be included in our sample,

both a treated bond and at least one of its matched control bonds should have returns available on

the month. We find that both mean and median are not statistically different across the treatment

and control groups during any quarters from four to one quarters prior to the fire-sales. During the

previous quarter (Q-1), for example, treated bonds experience 0.81% monthly returns on average

whereas control bonds experience 0.79% monthly returns on average, which are not statistically

different (p-value = 0.69).
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Figure 3 shows average fire-sale pressures (Pressure)  two quarters  before and after  the

treatment quarter (Q0) for treated, matched control, and non-treated bonds. During two quarter

prior to the treatment (Q-2), Pressure on treated and control bonds is not statistically different.

During the next quarter (Q-1), however, treated bonds start getting relatively more pressure,

although the magnitude is still small (about 8% of its one-standard-deviation). During the

treatment quarter (Q0), treated bonds get significant pressures (almost two-standard-deviation).

This is natural by definition of treated bonds. Note, however, control bonds have very low Pressure

(about 2% of its one-standard-deviation). Furthermore, non-treated bonds experience positive

pressures (i.e., buying pressures) at the same time. These observations confirm that our measure,

Pressure, fairly captures flow-induced selling pressures rather than information-driven selling

pressures. Moving to the following quarters (Q1 and Q2), the magnitude of average selling

pressures for treated bonds are still significantly larger than those for control bonds, consistent

with persistency in mutual fund flows.

In sum, although treated bonds are on average larger and more widely held by mutual funds

than matched control bonds, other characteristics including their liquidity are comparable. More

importantly, mean and median of returns prior to the fire-sale events are very similar across treated

and control bonds and selling pressures are pronounced only for treated bonds.

4.2.3. Price Impact of Fire-Sales: Empirical Results

Table 5 shows the estimation results for Equation (7). In Panel A, the treatment is the fire-

sale defined as in Section 4.1. In Panels B through D, we define alternative Pressure in the spirits

of placebo tests. Specifically, we follow the same procedures in Section 4.1.2, except that we apply

different conditionings in Equation (5). In Panel B, we condition on funds with high cash (> 5%)

instead of low cash to define PressureHL. Thus, PressureHL represents price pressures by funds

holding relatively high cash on their relatively liquid holding. Similarly, in Panel C, we exclude

conditioning on the bond liquidity (ZTD) but maintain conditioning on low cash to define

PressureLA. In Panel D, we condition on funds with high cash instead of low cash and also exclude

conditioning on bond liquidity to define PressureHA. If the liquidity sensitive trading by mutual
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funds are enough to mitigate price pressures, there might be less (or no) price pressures for funds

with relatively large liquidity buffers (PressureHL and PressureHA) compare to low-cash funds

(Pressure and PressureLA). Also, since flow-driven trading is concentrated on more liquid

corporate bonds as shown in Section 3, flow-driven price impacts, if any, might be more

pronounced in relatively liquid corporate bond holdings.

The results shown in Panel A of Table 5 show that there are significant price impacts from

fire-sales by the low-cash funds. In Column 1, the coefficient estimates on 0 ⋅  is negative

(-0.125) and statistically significant at 5% level, showing that treated bond returns are 0.125%

lower per month during the quarter (so total 0.375%) of fire-sales (Q0) compare to matched control

bonds. In the next quarter (Q1), we find the evidence of return reversal. The coefficient estimates

on 1 ⋅  is positive (0.101) and statistically significant at 5% level, showing that treated

bond returns are 0.101% higher per month during Q1. In the following quarter (Q2), returns on

treated bonds are not statistically different from matched control bonds. Sum of difference-in-

difference coefficients from Q0 through Q2 is negative (∑ ⋅  = -0.04%), yet it is

statistically not different from zero (p-value = 0.36). It is consistent with that mutual fund flows

tend to be persistent and there might be additional selling pressures following the extreme pressure

quarter. (See Figure 3) Column 2 shows that remaining small differences in bond characteristics

of treated and control firms, such as times to maturity, do not affect our results.

In Panels B through D, we find no evidence on flow-driven price impact using PressureHL,

PressureLA, or PressureHA. In Panel B Column 3, for example, the coefficient estimates on 0 ⋅

 and 1 ⋅  are negative (-0.060) and positive (0.049), respectively. They are,

however, all statistically insignificant at the conventional levels and their magnitudes are fairly

small which is about half of those in Panel A.

In Figure 4, we visualize difference-in-difference estimates by cumulating them from Q-2

through Q2. It shows that there are significant price pressures during Q0 recovered through Q1

only for the low-cash funds especially on their relatively liquid corporate bond holdings. There are

very gradual u-shape for PressureHL starting from Q-2, which might indicate that they are slowly

trading to mitigate their price pressures.
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In sum, the results indicate that funds mitigate impacts of extreme outflows on asset prices

by actively engaging in liquidity sensitive trading. At the same time, our results in Panel A shows

that mutual funds can cause a potential fragility in corporate bond markets especially when they

hold less liquidity buffers.

5. Effects of Liquidity Sensitive Trading on Financial Stability

The previous section provides evidence consistent with flow-induced price pressure only

for funds with small liquidity buffers and especially on their relatively liquid holdings. On one

hand, this is success of liquidity sensitive trading since funds with enough liquidity could mitigate

price pressures fire-sales. On the other hand, funds with low cash exert significant price pressures

by fire-sales their liquid holdings.

Two important questions follow. First, how large are these low-cash funds in corporate

bond markets? If they account for only a small fraction of the entire corporate bond mutual fund

space or hold a small fraction of total corporate bonds outstanding, any flow-induced price pressure

due to these funds is not likely a serious concern for financial stability.

Second, to what extent liquidity sensitive trading can or cannot mitigate price pressures

under the unstable markets experiencing widespread outflows? This is particularly important since

it can be coupled with recent findings in Goldstien et. al. (2017) that investor capital flows are

more fragile and strategic complementarities are more pronounced for funds with relatively low

cash holdings. To examine this question, we employ the 2013 taper tantrum episode. In the summer

of 2013, the Fed announced that it would tighten monetary policy, leading substantial amounts of

investor money to flow out of risky corporate bond fund markets.12 We believe that the taper

tantrum episode is relatively exogenous shock to aggregate capital flows to corporate bond fund

12 May 22th 2013, Federal Reserve Chairman Ben Bernanke testified to Congress that the Fed might taper down the
monthly pace of purchases later 2013. June 19th 2013, he had press conference that is positive about the tapering.
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industry, compare to other major market distress which can simultaneously affect or can be caused

by fundamental values of corporate bonds.

In the following sections, we discuss the fraction of low-cash funds (Section 5.1) and

examine the taper tantrum episode (Section 5.2).

5.1. Total Amounts of Bonds Held by Low-Cash Funds

In Figure 5, we plot how large a fraction of these low-cash funds account for the corporate

bond fund universe over time. Although average holdings of cash among corporate bond funds are

high, i.e., 10% on average (see Table 1), Figure 3 shows that low-cash funds with a cash ratio of

less than 5% hold a disproportionately larger fraction of corporate bonds: they hold from 20% to

55% of the total amounts of corporate bonds held by corporate bond funds in our sample. Large

drops in portion of low-cash funds in early 2003, 2009, and 2012 are potentially due to large

aggregate inflows to the mutual fund industry. (See Figure 2). More importantly, low-cash funds

increasingly account for higher fractions from 2009 towards late 2011 and again from 2012

towards late 2014. This trend suggests excessive risk-taking, or so-called reaching for yield, by

corporate bond funds in a low-interest-rate environment during the post–financial crisis period

(Choi and Kronlund 2016).

Overall, Figure 5 illustrates that low-cash funds—those with less than 5% of net assets in

cash—account for a substantial portion of total corporate bond holdings by corporate bond funds.

There is also an upward trend in the late sample period, suggesting that the potential risk posed by

corporate bond mutual funds to financial stability is increasing.

5.2. Price Impact during the Taper Tantrum

To examine flow-driven price impacts during the taper tantrum episode, we form value-

weighted portfolios by investing bonds under fire-sales defined in Section 4.1., during the taper
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tantrum quarter (2013Q2). We separately form two portfolios by using Pressures (low-cash

portfolio) and PressuresHL (high-cash portfolio). We calculate monthly average abnormal returns

(AAR) of bonds in each portfolio, where abnormal returns on bonds are estimated by matching

portfolio approaches of Bessembinder et al. (2009). Specifically, we subtract returns on value-

weighted portfolios of the same rating and maturity bins using bonds that are not under flow-

induced buying or selling.13

There are two reasons employing portfolio approach here: first, previous difference-in-

difference methods have relatively small number of bonds due to matching process and this give

less statistical power to study an event during one quarter; and second, since matching portfolio

approach allows most of bonds under price pressures to be examined, results might more directly

appeal to market-level stability. The downside of this is that results might be derived by any

unobservable variables affecting both flows and corporate bond prices. We believe that this

endogeneity concern might be less severe in the case of the taper tantrum episodes since there is a

relatively clean market-wide shock affecting investor outflows.

In Table 6, we examine monthly average abnormal returns on the fire-sale portfolio formed

in 2013Q2 for low-cash funds and high-cash funds. Panel A shows average abnormal returns for

low-cash fund portfolio. We find significant negative returns during May. The average abnormal

returns are -0.51% which is significant at 1% level. Note that in May the Fed chairman Ben

Bernanke commented during his testimony to the congress that the Fed might start tapering down

the quantitative easing later 2013. We also find negative average abnormal returns during June, by

-0.21%, although it is statistically insignificant at the conventional levels. Note, however, that the

Fed held a press conference regarding tapering down. In sum, negative abnormal returns on low-

cash fire-sale portfolio during May and June might be caused by fire-sales in response to the taper

tantrum episode. These negative returns revert in July. The average abnormal return for July is

0.32% (statistically significant at 5% level). Returns in following months through October are all

13 We group bonds into five ratings bins based on the S&P’s major rating categories. (AAA, AA, A, BBB, and high
yield) excluding unrated bonds. We then assign bonds to three time-to-maturity bins. For investment grade bonds, we
group them into 0 to 5 years, 5 to 10 years, and 10+ years bins. For noninvestment grade bonds, we group them into
0 to 6 years, 6 to 9 years, and 9+ years bins. Since there are limited numbers of AAA bonds, we instead group them
into two bins, 0 to 7 years and 7+ years bins.
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positive, yet insignificant, consistent with gradual recovery of prices. In Panel B, we find no strong

evidence on fire-sales by high-cash funds, implying that liquidity sensitive trading by mutual funds

mitigate price pressures.

In Figure 6, we plot cumulative average abnormal bond returns (CAARs) during the taper

tantrum period. We find a cumulative return patterns consistent with price pressure, but only for

low-cash funds. The CAARs drop to approximately -0.6% at the end of June and recovers over the

next four months. Although the magnitudes of price pressure are less than 1% and not substantial,

we find evidence consistent with flow-driven price impact during the periods of severe market-

wide outflows. For high-cash portfolio, we find no patterns of price pressure. CAARs are relatively

flat during the taper tantrum quarter. In sum, funds with less liquidity buffers are more fragile and

potential threats to the market stability.

6. Conclusion

In this paper we examine the extent to which liquidity sensitive trading by corporate mutual

funds mitigate trading driven by investor flows and also price impact in corporate bond markets.

Corporate bond funds maintain relatively high internal liquidity and selectively trade relatively

liquid bonds. Given a one percentage point rise in investor flows, corporate bond funds buy only

54 bps for inflows and sell 79 bps for outflows on average. As a result, flow-induced price pressure

is statistically significant only for relatively liquid bonds that are held by funds with substantially

low cash holdings.

Nonetheless, these low-cash funds account for a substantial portion of the corporate bond

fund universe, implying potential threats to the financial stability. Approximately 20% to 55% of

corporate bonds held by the entire corporate bond fund sector are held by funds with cash holdings

of less than 5%, indicating that a substantial fraction of corporate bonds might experience flow-

induced trading. We further examine flow-induced price impact for the 2013 taper tantrum as it is

relatively clean shocks to market-wide outflows. We find a significant price impact during the

taper tantrum, dropping to -0.6% of cumulative average abnormal returns for relatively liquid
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bonds held by low-cash funds and lasting for several months. We, however, do not find any

significant price impact by high-cash funds.

Overall, our evidence suggests that flow-induced trading and price pressure in corporate

bonds is not a universal phenomenon, contrast to equity mutual funds. Average mutual funds hold

substantial cash and dampen liquidity demand from investors. However, many funds do not

maintain adequate cash cushions to meet investor redemption demand, which can lead to fire sales

in market distress episodes. We also find an increasing tendency toward lower liquidity cushions

by low cash funds, which also might exacerbate fire sale risk. At the same time, inefficient levels

of cash holdings would hurt fund performance. Whether a mandatory liquidity buffer would

enhance investor welfare is an interesting future research.
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Appendix A. Variable Definitions

Variables Definitions

Fund Characteristics

Flow

Quarterly fund flows. First, we estimate monthly flows using monthly
returns from the CRSP mutual fund database as

, = , − , 1 + ,

,
	

where ,  is a fund’s total net assets and , is the monthly return
on fund j at time t. We then define quarterly Flow as aggregated monthly
flows during quarter t.

CashRatio

Percentage amounts of cash and cash-like security holdings scaled by

total net assets at the end of each quarter. i.e. . We define cash as

cash and cash-like securities in MorningStar (typecoded in C, CH, CL,
CP, CR, CT, FM, or FV) plus government treasury holdings in
MorningStar (typecoded in BT or TP). The definitions of typecodes are
detailed in Appendix B.

CorpRatio

Percentage amounts of US corporate bond holdings scaled by total net
assets at the end of each quarter, i.e. . Holding information is from

MorningStar,  which  we  merge  with  the  Mergent  FISD  database  to
obtain bond information. We use only Mergent FISD bond types
CCOV, CDEB, CLOC, CMTN, CMTZ, CP, CPAS, CPIK, or CS.

Bond Characteristics

TTM(Year) Times to maturity in years

Age(Year) Age of a bond in years

Rating The credit rating of a bond converted into integers. We assign 21 to
AAA rating, 20 to AA+, 19 to AA, and so on;

Trade

Trading in a bond by a mutual fund in a quarter, by percentage.
Specifically,

, , =
	 , ,

	 , ,
− 1

where 	 , ,  is the amount (in par value) of bond i held by
fund j at the end of quarter t, obtained from the Morningstar database.
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ZTD

Ratio of zero-trading days in a quarter for a bond, as used in Chen,
Lesmond, and Wei (2007) and Dick-Nielsen et al. (2012). If there is no
transaction recorded in TRACE for a bond during the day, we call it a
zero trading day.

Roll

Roll (1984) illiquidity measure. Roll , = 2 − (∆ , , ∆ , )
where ,  is the natural logarithm of the price of bond i on day s. We
calculate daily price as the trading-volume-weighted price for each day.
We require a volume of at least $100k to exclude retail transactions. For
each day, we calculate the Roll measure with a rolling window of 21
days. To be well-defined, we require at least 4 observations to be
available within the rolling window and discard positive covariance
observations. We define quarterly Roll as the median of the daily Roll
measure within the quarter.

DealerAmihud(Buy)

The Amihud (2002) illiquidity measure of dealer-buy liquidity
provision. We first calculate daily DealerBuyAmihud = (−1) ∗ ∑

| |

where  is number of dealer-buy-and-customer-sell transaction for
the bond on that day. We do not include inter-dealer transactions. We
obtain dealer transaction information from the enhanced TRACE. is
the return of the dealer-buy-and-customer-sell-transaction price to
preceding transaction price. This preceding transaction is the previous
transaction in TRACE, sorted by time of transaction of the bond within
that day. Thus the preceding price is not necessarily to be from a dealer-
buy transaction. The reports in TRACE have a unit time interval of a
second. We leave  to  be  signed to capture the liquidity provision
from the customer’s (like mutual funds) perspective. Holding
everything else constants, more negative means more cost of
liquidation for the customer. Also, positive means dealers are
willing to pay more and this makes customer easier to liquidate their
holding. Therefore, we multiply -1 to make this to the illiquidity
measure.  is a transaction volume in million dollars. We require
volume to be at least $100k to exclude retail transaction. We define
quarterly DealerAmihud(Buy) measure as the median of daily measures
within the quarter.

DealerAmihud(Sell) Amihud (2002) style illiquidity measure of dealer-sell liquidity
provision. The definition is similar to DealerAmihud(Buy). There are
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two differences. First, we use dealer-sell-and-customer-buy transaction
instead of dealer-buy transaction. Second, we do not multiply -1, since
now the situation is opposite. Holding everything else constants, more
positive  means more cost of transaction for the customer. (i.e., daily
DealerSellAmihud = ∑

| |
 )

We define quarterly DealerAmihud(Sell) measure as the median of
daily measures within the quarter.

Monthly Return

Monthly total return on corporate bonds. Price information is obtained
from TRACE, while other bond characteristics used to calculate
accrued interest and coupon payments are obtained from the Mergent
FISD database. We follow Bessembinder et. al. (2009). We calculate
daily price as the trading-volume-weighted price for each day. We
require a volume of at least $100k to exclude retail transactions. To
calculate monthly returns, we use the last daily price within 5 days of
the end of each month. Since the TRACE price is a ‘clean’ price, we
calculate returns as follows:

, = , + , + ,

, + ,
	 − 1

where ,  is the price, ,  is accrued interest, and , is coupon
payments, if any, in month t.

Pressure

The price pressure measure, conditioning on funds’ internal liquidity
and bonds’ market liquidity.
Specifically,

,

=
	 ∑ 0,∆ , , , > 90 , ℎ , < 5%,	 	 	 , < 50

,

− 	
∑ 0,−∆ , , , < 10 , ℎ , < 5%, , < 50

,

where ∆ , , is the change in holding amounts of bond i for
fund j from time t–1 to time t. The quarterly holding amounts are
obtained from MorningStar.

* All variables except returns are winsorized at the 1st and 99th percentile.
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Appendix B. Morningstar Typecodes for Cash Holdings

Morningstar
Typecode

Definitions

BT Bond - US Treasury

C Cash

CD Cash - CD/Time Deposit

CL Cash - Currency Future

CP Cash - Commercial Paper

CR Cash - Repurchase Agreement

CT Cash - T-Bill

FM Mutual Fund -MMkt

FV Mutual Fund -VA

TP Bond - TIPS
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Table 1. Descriptive Statistics for the Sample Funds and Bonds

This table provides fund-level (Panel A) and bond-level (Panel B) summary statistics. The sample consists
of U.S. open-end corporate bond mutual funds available in the Morningstar Direct and CRSP databases. In
Panel A, TNA is total net assets in millions of dollars, and Quarterly Flow is net capital flows to a fund
during a quarter. Corporate Bond Ratio, Cash Ratio, Treasury Ratio, Agency Bond Ratio, ABS Ratio, Equity
Ratio, and Other are ratios of dollar amounts of U.S. corporate bonds, cash and cash-like securities
(including Treasury bonds and money market funds), Treasury bonds, agency bonds, asset-backed bonds,
equity, and other assets including muni bonds, respectively, to total net assets at the end of a quarter. In
Panel B, we provide summary statistics for corporate bonds held by our sample mutual funds. TTM is times
to maturity in years; Age is the age of a bond in years; Rating is the credit rating of a bond in integers where
we assign 21 to AAA rating, 20 to AA+, 19 to AA, and so on; Amount Outstanding is the dollar amount of
bonds outstanding in thousands of dollars, Zero Trading Days (ZTD) is the percentage of the days on which
a bond is not traded during a quarter; Roll is the Roll (1994) illiquidity measure; DealerAmihud(Buy) and
DealerAmihud(Sell) are the Amihud (2002) illiquidity measure of dealer-buy and dealer-sell liquidity
provision, respectively; and Monthly Return is the total return on a bond during a month. Variable
definitions are detailed in Appendix A. We report the number of observations (N), means, standard
deviations (Std.), and the 5th, 25th, median (50th), 75th, and 95th percentiles. The sample period runs from
2002 Q3 through 2014 Q4.

Panel A: Fund-level Variables
N Mean Std. 5% 25% 50% 75% 95%

TNA ($MM) 13,569 1203 2637 16.60 93.40 327.1 997.3 5746
Quarterly Flow (%) 13,569 1.45 12.16 -12.74 -3.98 -0.15 4.43 20.41
Corporate Bond Ratio (%) 13,569 65.99  22.20  30.76  45.23  68.82  86.67  95.70
Cash Ratio (%) 13,569 10.33 9.81 0.00 3.00 6.88 15.78 30.51
Treasury Ratio (%) 13,569 6.74 9.00 0.00 0.00  2.00  11.55 26.46
Agency Bond Ratio (%) 13,569 8.11  11.17  0.00 0.00  0.55  15.87 31.16
ABS Ratio (%) 13,569 5.33 8.27 0.00 0.00  0.52  8.34  23.91
Equity Ratio (%) 13,569 1.57 3.02 0.00 0.00 0.35 1.80 7.07
Other (%) 13,569 8.64 9.42 0.00 2.34  5.98  12.03 27.48

Panel B: Bond-level Variables
N Mean Std. 5% 25% 50% 75% 95%

TTM (Years) 322,243 8.75 8.85 1.54 3.55 6.04 9.21 27.21
Age (Years) 322,257 4.53 4.20 0.40 1.54 3.33 6.31 13.30
Rating 302,616 12.51 4.07 5 10 13 15 18
Amount Outstanding ($M) 321,555 511.6 552.1 50 200 350 600 1,500
Zero Trading Days (ZTD) 251,730 59.12 35.14 3.08 26.15 64.62 95.38 100
Roll 95,596 0.012 0.015 0.002 0.004 0.008 0.015 0.036
DealerAmihud(Buy) 187,463 0.0167 0.0542 0.0000 0.0002 0.0019 0.0138 0.0697
DealerAmihud(Sell) 194,651 0.0181 0.0538 0.0000 0.0002 0.0023 0.0160 0.0779
Monthly Return (%) 305,270 0.62 4.54 -3.56 -0.34 0.48 1.57 4.73
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Table 2. Mutual Fund Trading Across Flow Deciles

This table reports changes in quarterly holdings across deciles of funds sorted on fund flows. In Panel A, Flow is defined as the quarterly change in
total net assets controlling for capital gains and losses, as in (1). Number of holdings is the number of corporate bond holdings at quarter ends. Corp
is the dollar amounts of corporate bond holdings in par values. Cash includes cash and cash-like securities such as treasuries, as detailed in Appendix
B. TNA is the total net assets of funds. We report the ratio of corporate bond holdings Corpt-1 /TNAt-1, the ratio of cash holdings Casht-1 /TNAt-1,
quarterly changes in the ratio of corporate bond holdings Δ(Corpt/TNAt), changes in the ratio of cash holdings Δ(Casht/TNAt), changes in corporate
bond holdings scaled by lagged total net assets (ΔCorpt)/TNA t-1, and changes in cash holdings scaled by lagged total net assets (ΔCasht)/TNA t-1. In
Panel B, we report the average fraction of corporate bond positions that are maintained, expanded, reduced, eliminated, and eliminated due to
retirement as well as new positions opened and new positions opened in newly-issued bonds. Retirement includes maturing, calling, and converting
that reduce the par values of bonds outstanding by more than 90%. All fractions of positions are scaled by the total number of corporate bond
holdings in the previous quarter. There is no double-counting across fractions, i.e., eliminated does not include eliminated due to retirement. The last
column of Panel B reports the average of quarterly changes in par value of a corporate bond holding. The sample period runs from 2002 Q3 to 2014
Q4.

Panel A. Changes in Cash and Corporate Bond Ratio
Average within Each Flow Decile

Flow Decile Flowt (%) Number of
Holdings

(%) (%) ∆( )(%) ∆( )(%) ∆ (%) ∆ (%)

(1) (2) (3) (4) (5) (6) (7) (8)
1 (Outflow) -14.10 155.54 66.93 10.04 0.34 -0.70 -7.29 -1.76
2 -6.47 165.35 66.83 9.76 -0.08 -0.28 -3.19 -0.74
3 -3.89 183.64 66.18 10.38 -0.02 -0.30 -1.40 -0.45
4 -2.25 193.00 66.66 10.24 -0.60 -0.01 -0.81 -0.01
5 -0.84 196.38 66.53 10.26 -0.29 0.19 0.33 0.32
6 0.64 197.03 66.41 10.51 -0.40 0.15 1.03 0.42
7 2.34 196.55 66.44 10.40 -0.56 0.44 1.96 0.94
8 4.78 200.89 66.23 10.89 -0.70 0.38 3.68 1.14
9 9.14 198.80 65.39 10.92 -0.85 0.56 6.61 1.93
10 (Inflow) 24.81 168.23 65.99 10.97 -1.54 1.07 14.88 4.48
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Panel B. Fund Trading in Corporate Bonds

Flowt (%)
Fraction of Positions (%)

Average
Change in
Holding

(%)

Flow Decile Maintained Expanded Reduced Eliminated Eliminated
Due to

Retirement

New
Position
Opened

New
Position

Opened in
New Issues

(1) (2) (3) (4) (5) (6) (7) (8) (9)
1 (Outflow) -14.10 0.63 0.04 0.14 0.15 0.04 0.07 0.06 -21.16
2 -6.47 0.69 0.05 0.10 0.12 0.03 0.07 0.07 -16.10
3 -3.89 0.72 0.05 0.08 0.11 0.03 0.07 0.07 -13.87
4 -2.25 0.73 0.06 0.08 0.10 0.03 0.07 0.07 -13.08
5 -0.84 0.74 0.06 0.07 0.10 0.03 0.07 0.07 -11.71
6 0.64 0.75 0.07 0.06 0.09 0.03 0.07 0.06 -11.09
7 2.34 0.75 0.07 0.06 0.09 0.03 0.07 0.07 -10.40
8 4.78 0.73 0.09 0.06 0.09 0.03 0.07 0.07 -9.35
9 9.14 0.72 0.11 0.05 0.09 0.03 0.09 0.07 -7.37
10 (Inflow) 24.81 0.65 0.18 0.04 0.09 0.04 0.13 0.09 -1.90
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Table 3. Liquidity-Sensitive Trading

This table provides the regression of mutual fund corporate bond trading on contemporaneous fund flows. The dependent variable , ,  is the
percentage trading in bond i by mutual fund j in quarter t:

, , =
	 , ,

	 , ,
− 1

where 	 , ,  is the amount (in par value) of bond i held by fund j at the end of quarter t, obtained from the Morningstar database. The
independent variables include: quarterly investor flows, Flow; the ratio of cash and cash-like security holdings of the fund, CashRatio; zero trading
days of bonds in a quarter, ZTD; the bond illiquidity measure of Roll (1994), Roll; the Amihud (2002) illiquidity measure for dealer-buy and dealer-
sell liquidity provision, DealerAmihud(Buy) and DealerAmihud(Sell), respectively; and the natural logarithm of aggregate shares held by other funds
in a same family (i.e., management company) in par values, FamilyShares. Variable definitions are detailed in Appendix A. All independent variables
except Flow are lagged by one quarter. In Panel A, we report the results using an outflow subsample (funds with Flowj,t < 0). In Panel B, we report
the results using an inflow subsample (funds with Flowj,t ≧0). In Panel C, we report the results using the outflow subsample for funds having a large
family and small family, separately. We calculate the size of family by aggregating total net asset values of mutual funds under the family. In each
quarter, we classify a family as large (or small) if the size of family is greater (or less) then the 80 th percentile. The sample consists of bond-fund-
quarter observations from 2002 Q3 through 2014 Q4. In specifications requiring the lagged liquidity variables, the sample period is restricted to the
period between 2005 Q2 and 2014 Q4 where the lagged liquidity variables can be calculated from TRACE. In all panels, we exclude bonds with
maturity of less than 1 year. All regressions include the issuer-times-quarter fixed effect. The values in parentheses are t-statistics using standard
errors clustered at the fund level. ***, **, and * denote statistical significant at the 1%, 5%, and 10% levels, respectively
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Panel A: Outflow Sample
, , , , , , , , , , , , , ,

(1) (2) (3) (4) (5) (6) (7)
, 0.788*** 0.871*** 0.971*** 1.056*** 0.943*** 0.936*** 0.923***

(23.424) (19.809) (19.878) (18.236) (18.017) (17.854) (19.326)
, ⋅ ℎ , -1.059*** -1.236*** -1.654*** -1.378*** -1.394*** -0.973***

(-2.980) (-3.128) (-3.821) (-3.272) (-3.367) (-2.741)
, ⋅ , -0.167***

(-5.010)
, ⋅ , -7.103***

(-4.283)
, ⋅ ℎ ( ) , -2.340***

(-3.492)
, ⋅ ℎ ( ) , -1.230*

(-1.692)
, ⋅ ℎ , -0.008**

(-2.283)
ℎ , 8.059*** 7.937** 7.678** 8.438** 8.274** 8.197***

(2.687) (2.522) (2.107) (2.514) (2.491) (2.720)
, -0.373

(-0.818)
, 53.881***

(3.145)
ℎ ( ) , 20.645***

(3.590)
ℎ ( ) , 13.538**

(2.380)
ℎ , -0.015

(-0.447)
-8.442*** -9.109*** -8.823*** -10.521*** -9.634*** -9.520*** -9.131***
(-27.587) (-21.297) (-19.302) (-18.816) (-19.709) (-19.851) (-19.971)

⋅ 	 . . Y Y Y Y Y Y Y
N 1,158,835 1,158,835 969,237 462,983 663,369 673,063 1,158,835
Adj. R2 0.086 0.087 0.087 0.076 0.085 0.085 0.087
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Panel B: Inflow Sample
, , , , , , , , , , , , , ,

(1) (2) (3) (4) (5) (6) (7)
, 0.535*** 0.592*** 0.639*** 0.628*** 0.612*** 0.614*** 0.560***

(13.100) (9.330) (8.145) (7.169) (7.446) (7.328) (6.753)
, ⋅ ℎ , -0.574 -0.557 -0.345 -0.393 -0.400 -0.621*

(-1.530) (-1.315) (-0.787) (-0.880) (-0.908) (-1.743)
, ⋅ , -0.101**

(-2.241)
, ⋅ , -1.587

(-1.105)
, ⋅ ℎ ( ) , -1.352**

(-2.474)
, ⋅ ℎ ( ) , -1.338**

(-2.049)
, ⋅ ℎ , 0.005

(1.167)
ℎ , 8.236* 7.718 7.567 7.501 7.651 8.372*

(1.874) (1.604) (1.451) (1.470) (1.515) (1.910)
, -0.755

(-1.283)
, 74.320***

(3.314)
ℎ ( ) , 36.579***

(6.289)
ℎ ( ) , 27.020***

(3.353)
ℎ , -0.021

(-0.413)
-9.520*** -10.326*** -9.649*** -11.568*** -10.697*** -10.631*** -10.180***
(-20.947) (-14.968) (-11.539) (-11.513) (-11.978) (-11.886) (-12.921)

⋅ 	 . . Y Y Y Y Y Y Y
N 1,201,134 1,201,134 1,013,876 489,955 688,708 699,821 0.081
Adj. R2 0.081 0.081 0.082 0.075 0.078 0.077 1,201,134
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Panel C: Outflow Sample with Large vs. Small Funds Family
Large Funds Family Small Funds Family

, , , , , , , , , , , , , , , ,
(1) (2) (3) (4) (5) (6) (7) (8)

, 0.809*** 0.962*** 1.040*** 0.972***  0.710*** 1.036*** 1.083*** 0.855***
(20.443) (17.379) (15.490) (16.541) (11.410) (10.425) (9.737) (11.127)

, ⋅ ℎ , -0.989** -1.437*** -0.752* -2.474*** -2.523** -1.969***
(-2.197) (-2.898) (-1.861) (-2.981) (-2.517) (-2.797)

, ⋅ , -0.146*** -0.279***
(-3.955) (-2.877)

, ⋅ , -5.647*** -9.703***
(-2.601) (-4.005)

, ⋅ ℎ , -0.012*** -0.000
(-2.973) (-0.053)

ℎ , 10.135*** 9.322** 9.858*** -0.921 1.807 2.053
(2.910) (2.308) (2.948) (-0.122) (0.202) (0.310)

, 0.033 -3.031**
(0.069) (-2.258)

, 71.952*** -9.162
(3.817) (-0.168)

ℎ , -0.001 0.018
(-0.037) (0.210)

-8.424*** -9.182*** -10.888*** -9.227***  -8.420*** -6.872*** -9.103*** -8.718***
(-24.341) (-17.807) (-17.128) (-16.859)  (-14.417) (-6.603) (-7.964) (-10.788)

⋅ 	 . . Y Y Y Y Y Y Y Y
N 989,453 831,294 390,966 989,453 166,349 135,484 70,766 166,349
Adj. R2 0.089 0.090 0.079 0.090 0.081 0.079 0.070 0.083
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Table 4. Summary Statistics: Treated, Matched Control, and Non-treated Bonds

This table provides the results of difference tests on means and medians at the end of the last quarter prior to fire-sale events across the treated,
control, and non-treated bonds and their issuers. The group of treated bonds (Treated Bonds) is composed of bonds that are exposed to fire sales
during the period from 2005Q2 through 2013Q4. The control group (Control Bonds) is a set of bonds matched to the bonds in the treatment group.
To be matched, at the end of last quarter prior to fire-sale events a treated bond and its control bonds should have a same issuer with identical option
features (callable, putable, and sinking fund provisions) and same credit rating. In addition, we require that differences in the time to maturity
between a treated bond and its control bonds are less than one year. If there are multiple control bonds satisfying aforementioned conditions, we
select at most two control bonds with smaller differences in bond age. For all analyses using monthly returns, we require the matching conditions to
be satisfied at the beginning of each month. The group of non-treated bonds (Non-treated Bonds) is composed of bonds in our sample that have
never been exposed to fire sales during the sample period. The group of treated issuers (Treated Issuers) is composed of issuers of the treated bonds.
The group of non-treated issuers (Non-treated Issuers) is composed of the rest of issuers in our sample. The treated bonds are required to have at
least one matched control bond during the quarter of treatment. In Panel A, we provide statistics for issuers- and bond-level characteristics and test
statistics of mean and median differences. For issuer-level variables, we test differences between Treated Issuers and Non-Treated Issuers. For bond-
level variables, we test differences among Treated Bonds, Non-Treated Bonds, and Control Bonds. N is the number of issuer- or bond-quarters. In
Panel B, we provide statistics for monthly returns from four quarter (Q-4) through one quarter (Q-1) prior to the treatment quarter. We test differences
between Treated Bonds and Control Bonds. To be included in our sample, both treated bond and its control bonds have returns available for a month.
The variables descriptions are provided in the Appendix A. The mean test is a Wilcoxon rank-sum test and the median test is Pearson’s chi-squared
test.
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Panel A: Characteristics of Issuers, Bonds, and Mutual Fund Holders of the Bonds
Summary Statistics Test of Difference

Treated Non-treated Control Treated vs. Non-treated Treated vs. Control
Mean Mean Mean Test Median Test Mean Test Median Test

[Median] [Median]  (P-Value) (P-Value)  (P-Value) (P-Value)
Issuer-level variables (N=292) (N=51,382)
Market Size ($MM) 46,184 9,486 12.40 85.17

[22,951] [3,063] (0.00) (0.00)
Leverage 0.34 0.33 1.14 0.83

[0.30] [0.31] (0.25) (0.36)
#(Bonds) 22.43 4.17 25.82 394.86

[16.00] [2.00] (0.00) (0.00)
Avg(Bond-Rating) 11.64 10.64 3.97 7.62

[12.38] [11.60] (0.00) (0.01)

Bond-level variables (N=319) (N=116,933) (N=438)
Amtout ($MM) 1326 543 1005 19.58 221.99 5.13 25.32

[1,100] [375] [807] (0.00) (0.00) (0.00) (0.00)
Rating 11.95 11.80 12.36 0.78 3.12 -1.45 2.37

[13.00] [13.00] [13.00] (0.44) (0.08) (0.15) (0.12)
TTM (Year) 7.59 7.63 6.83 2.33 1.27 2.59 3.15

[5.96] [5.42] [5.01] (0.02) (0.26) (0.01) (0.08)
Age (Year) 2.49 4.25 2.69 -8.69 68.56 -0.77 0.00

[1.95] [3.04] [1.90] (0.00) (0.00) (0.44) (0.98)
Roll 0.0090 0.0116 0.0101 -4.13 13.25 -1.48 0.59

[0.0062] [0.0077] [0.0066] (0.00) (0.00) (0.14) (0.44)
DealerAmihud(Buy) 0.0126 0.0133 0.0136 3.36 6.09 -0.65 2.20

[0.0028] [0.0017] [0.0042] (0.00) (0.01) (0.52) (0.14)

Bond-level variables about mutual fund bond holders in our sample
#(MF holders) 19.06 8.44 12.10 18.64 258.95 9.08 60.88

[15.00] [6.00] [9.00] (0.00) (0.00) (0.00) (0.00)
TNA ($MM) 2786 3081 3488 2.87 20.12 -1.37 2.52

[2,502] [2,079] [2,723] (0.47) (0.00) (0.17) (0.11)
#(CB Held by MF) 274.87 258.97 268.58 3.66 4.10 -0.31 0.31

[266.52] [254.50] [270.22] (0.00) (0.04) (0.76) (0.58)
CashRatio (%) 10.84 8.90 11.38 7.68 53.12 -1.30 0.73

[11.00] [7.97] [11.61] (0.00) (0.00) (0.19) (0.39)
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Panel B: Monthly Returns of Treated and Control Bonds
Summary Statistics Test of Difference

Treated Control Treated vs. Control
Mean Mean  Mean Test Median Test

Quarters Prior to Event (Q0) N [Median] N [Median] (P-Value) (P-Value)
Q-1 775 0.81 1004 0.79 0.39 0.09

[0.60] [0.56] (0.69) (0.76)
Q-2 672 0.61 875 0.56 0.71 0.63

[0.61] [0.52] (0.48) (0.43)
Q-3 592 0.80 785 0.91 0.17 0.03

[0.55] [0.53] (0.87) (0.85)
Q-4 513 0.73 672 0.68 0.12 0.01

[0.62] [0.63] (0.90) (0.93)
Q-4 through Q-1 2,552 0.74 3,336 0.74 0.72 0.75

[0.60] [0.55] (0.47) (0.39)
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Table 5. Difference-in-Differences Regressions of Bond Returns

This table provides the estimation results of the following regression model:

, = + _1 , ⋅ + 0 , ⋅ + 1 , ⋅ + 2 , ⋅ + + _1 ,
+ 0 , + 1 , + 2 , + , + ,

where ,  is monthly returns (in percentage) on bond i during month t.  is an indicator variable
for a treated bond, which is one if bond i has experienced fire sales and zero otherwise. _1 ,  is a dummy
variable, which is one if month t is belong to a previous quarter of the fire-sales quarter. 0 ,  is a dummy
variable for the fire-sale quarter (Q0). 1 , , and 2 ,  are dummy variables indicating one quarter after
and two quarters after the fire-sales quarter, respectively. In Panel A, we define fire-sale quarters by
modifying the price pressure measure in Coval and Stafford (2007) by further conditioning it on bonds
being liquid and held by low-cash funds. In Panels B through D, we use placebo fire-sales as treatments by
similarly defining price pressure conditioning on: funds having high cash and their relatively liquid bond
holdings (Panel B); funds having low cash (Panel C); and funds having high cash (Panel D). As control
variables in the regressions, we include times to maturity, TTM; zero trading days, ZTD; and log(age), Age.
All regressions include the issuer-times-month fixed effect ( , ). We include in the regressions the treated
bonds and their matched control bonds from four quarters prior to Q0 through two quarters after Q0. The
sample period for the treatment is 2005Q2 through 2014Q4. Constant and level effects are not reported to
save space. The values in parentheses are t-statistics using standard errors two-way clustered at the issuer-
and month-level. ***, **, and * denote statistical significant at the 1%, 5%, and 10% levels, respectively.

Panel A Panel B Panel C Panel D
Pressure PressureHL PressureLA PressureHA

(1) (2) (3) (4) (5) (6) (7) (8)
_1 , ⋅ -0.018 -0.016 -0.030 -0.027 -0.078 -0.076 -0.025 -0.024

(-0.298) (-0.278) (-0.818) (-0.748) (-1.205) (-1.181) (-0.738) (-0.722)
0 , ⋅ -0.125** -0.122** -0.030 -0.024 -0.060 -0.053 -0.028 -0.026

(-2.352) (-2.230) (-1.642) (-1.415) (-1.130) (-1.008) (-1.090) (-1.011)
1 , ⋅ 0.101** 0.106** -0.000 0.005 0.049 0.057 -0.029 -0.024

(2.226) (2.333) (-0.002) (0.220) (0.902) (1.037) (-0.893) (-0.732)
2 , ⋅ -0.016 -0.011 0.010 0.016 -0.030 -0.022 0.007 0.013

(-0.385) (-0.250) (0.502) (0.801) (-0.521) (-0.365) (0.280) (0.547)
TTM 0.024 0.022 0.018 0.020

(1.492) (1.578) (1.339) (1.434)
ZTD 0.000 0.001 0.001 0.001

(0.059) (0.619) (1.457) (1.277)
Age -0.006 -0.011 0.018 -0.014

(-0.117) (-0.448) (0.415) (-0.626)

⋅ ℎ	 Y Y Y Y Y Y Y Y
N 11,314 11,314 18,667 18,667 10,305 10,305 17,833 17,833
Adj. R2 0.889 0.890 0.903 0.903 0.918 0.919 0.895 0.895
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Table 6. Monthly Abnormal Returns on Fire-Sale Portfolio around the Taper
Tantrum in 2013

This table provides monthly average abnormal returns (in percentages) on corporate bond portfolios sorted
on price pressure. In Panel A, we use Pressure as the price pressure measure. In Panel B, we use the price
pressures from high cash funds on their relatively liquid holdings, PressureHL. Variables are detailed in
Appendix A. At the end of the taper tantrum quarter (2013Q2), we sort corporate bonds into value-weighted
flow-induced sell portfolios if the price pressure variable (Pressure or PressureHL) is below the 10th

percentile. We report monthly average abnormal returns (E[R]) from March through October. The abnormal
returns are estimated following the matching-portfolio approach (by rating and maturity) of Bessembinder
et al. (2009). We exclude bonds from the matching portfolio if the bonds are experiencing extreme price
pressure (i.e., in bottom or top 10% of Pressure) during the quarter. ***, **, and * denote statistical
significant at the 1%, 5%, and 10% levels, respectively.

Panel A Panel B
Low Cash High Cash

Year 2013 E[R] (%) t-statistic E[R] (%) t-statistic
Mar. 0.114 (0.34) 0.103 (1.18)
Apr. 0.041 (0.32) 0.042 (0.25)
May -0.507*** (-3.20) -0.022 (-0.15)
Jun. -0.214 (-1.13) 0.032 (0.30)
Jul. 0.320** (2.09) -0.244 (-1.52)

Aug. 0.090 (0.78) 0.097 (0.69)
Sep. 0.033 (0.25) 0.071 (0.48)
Oct. 0.208 (1.16) 0.108 (0.99)
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Panel A. Corporate Bond Holdings

Panel B. Cash Holdings

Figure 1. Average Cash and Corporate Bond Ratios

Panel A plots the time series of equal- and value-weighted corporate bond ratios ( , ) for our
sample corporate bond funds. Panel B plots the time series of equal- and value-weighted cash ratios
( ℎ , ). The equal-weighted averages are in dashed lines and value-weighted averages are denoted
in solid lines. The corporate bond and cash ratios are defined in Appendix A. The sample period is from
2002 Q2 to 2014 Q4.
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Panel A. Average Quarterly Fund Flows

Panel B. Average Quarterly Flows across Fund Flow Deciles

Figure 2. Average Fund Flows in the Time Series and Cross Section

Panel A plots the time series of equal- and value-weighted average capital flows to corporate bond mutual
funds in our sample. Panel B plots the flows for decile groups sorted on fund flows. The decile groups range
from the lowest (1) to the highest (10) fund flows. In Panel A, the equal-weighted averages are denoted by
dashed lines and the value-weighted averages are denoted by solid lines. In Panel B, black bars (on the left)
denote results from the full sample period and grey bars denote sub-period results for market distress
episodes (2008 Q3, 2008 Q4, and 2013 Q2). The sample period runs from 2002 Q3 through 2014 Q4.
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Figure 3. Average Price Pressures around Fire-Sale Events: Treated, Matched
Control, and Non-treated Bonds

This figure shows average price pressures (Pressure) from two quarters before (Q-2 to Q-1) through two
quarters after (Q1 to Q2) the fire-sale quarter (Q0) on treated, matched control, and non-treated bonds.
Treated bonds are the bonds subject to the fire sale during Q0. We matched control bonds at the end of Q-
1. Non-treated bonds are all bonds held by our sample mutual funds at the end of Q-1. The matching process
and variables are detailed in Table 4 and Appendix A. The black, grey with dots, and dark grey bar
represents average of Pressure on treated bonds, matched control bonds, and non-treated bonds. Pressure
is standardized with mean 0 and standard deviation 1. The squares connected by a dotted line represents p-
value from Wilcoxon rank-sum test between Pressures on treated bonds and matched control bonds. We
perform the mean test for five quarters (Q-2 through Q2) separately and five squares represents five p-
values.
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Figure 4. Cumulative Difference in Difference Estimates

This figure shows cumulative quarterly and monthly difference-in-difference estimates. Quarterly
difference-in-difference estimates are obtained from a regression specification used in the first Column of
each Panel in Table 5. Specifically, we cumulate , ( + ), ( + ), ( + ), and ( + ) from Q-2
through Q2. We add  to adjust the level-effects on treated bond.
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Figure 5. How Large Are Low Cash Funds

This figure shows fractions of corporate bonds under management of our sample funds across their cash
ratios. At the end of each quarter, we divide our sample into seven groups, from funds with cash ratios of
less than 5% to funds with cash ratios of more than 20%, by 5% intervals. We then sum the face values of
all U.S. corporate bonds held by each group at the end of each quarter. We plot percentage shares of funds
based on the sum of the face values for each group, from 2002 Q2 through 2014 Q4. The cash ratio is a
ratio of the dollar amounts of a fund’s cash and cash-like security holdings to the dollar amounts of the
fund’s total net assets, as defined in Appendix A.
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Figure 6. Monthly Cumulative Average Abnormal Returns on Fire-Sale Portfolios
around the Taper Tantrum in 2013

This figure presents value-weighted cumulative average abnormal returns (CAARs) on the fire-sale
corporate bond portfolio based on the price pressure around the 2013 Taper Tantrum. We report CAARs
on two portfolios. The portfolio plotted by the black solid line is sorted on Pressure. The portfolio plotted
by the grey solid line is sorted on PressureHL. Definitions of the pressures are detailed in Appendix A. For
each of these two price pressure variables, we sort corporate bonds into fire-sale portfolios if the price
pressure variable is below the 10th percentile in 2013 Q2. The monthly returns on bonds are calculated
based on prices obtained from TRACE. The abnormal returns are estimated following the matching-
portfolio approach (by rating and maturity) of Bessembinder et al. (2009). We exclude bonds from the
matching portfolio if the bonds are experiencing extreme price pressure (i.e., in bottom or top 10% of
Pressure) during the quarter. The y-axis represents CAARs in percentages. Months on the x-axis represents
the last business days of each month in year 2013.
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