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Abstract

With the failure of Silicon Valley Bank in March 2023, the concentration risk in bank li-
abilities has come under scrutiny. We use detailed security-level holdings of U.S. Money
Market Mutual Funds (MMFs) that fund banks to introduce a novel measure of portfolio
similarity among investors. Our findings suggest that MMFs actively manage their asset
holdings based on the similarity of their portfolios with those of other investors. Specif-
ically, when portfolios are more similar, investors are less likely to roll over investments,
anticipating higher expected joint liquidation costs when portfolios are more similar. At
the issuer bank level, the average similarity of its investors’ portfolios is a reliable predictor
of the bank’s total funding in the following period. Importantly, banks are unable to fully
compensate for the loss of funding when similar investors withdraw.
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1 Introduction

The concentration of bank deposits has become a critical issue in the wake of recent develop-
ments in lending markets. The bank run that occurred in March 2023 at Silicon Valley Bank
(SVB), a financial institution specializing in high-tech startups and venture capital, highlighted
the potential risks associated with such concentration. This event demonstrated that SVB’s de-
posits were heavily tied to tech startups. In this paper, we investigate whether investors inter-
nalize concentration risk in bank liabilities using detailed data on money market funds (MMFs)

as a laboratory.

The possibility of investors internalizing concentration risk in bank liabilities is in line
with the theoretical predictions in Wagner (2011)). In the absence of frictions that affect liquida-
tion costs, full diversification is optimal and might lead to investors holding similar portfolios.
However, when faced with systemic liquidation costs, investors have a preference for holding
different portfolios to distinguish themselves from other investors. Consequently, investors face
a trade-off in their investment decisions between liquidation costs and diversification benefits,
that we refer to as the "diversity-diversification trade-off".! A key feature of this model is that

joint liquidation costs arise endogenously and depend on investors and their portfolio similar-

ity.

Analyzing bank funding diversity and investor similarity might be challenging. To over-
come these challenges, we rely on detailed data on the securities held by U.S. MMFs and in-
troduce a novel measure of portfolio similarity. U.S. MMFs therefore serve as a laboratory to
investigate whether investors consider the "diversity-diversification trade-off" while investing

in bank liabilities. MMFs invest unsecured in banks and are not covered by deposit insurance.

10One reason for systemic liquidation costs are fire sales (Shleifer and Vishny, 2011). Empirical studies show that
the cost of fire sales can be large in equity markets (Coval and Stafford, 2007) and in corporate bond markets (Ellul
et al., 2011). Fire-sale amplifications are also discussed in, for example, Kiyotaki and Moore (1997), Brunnermeier
and Pedersen (2009), Allen et al. (2012) and Greenwood et al. (2015).



They are also constrained by regulations regarding the type of assets they can invest in. Impor-
tantly, U.S. MMFs can observe the portfolio holdings of other MMFs due to post-crisis regula-
tion in the U.S. requiring the Securities and Exchange Commission (SEC) to collect and publicly

disclose the portfolio holdings of MMFs on a monthly basis.

Our analysis starts by focusing on a critical prediction from Wagner (2011) that investors,
all else being equal, prefer to decrease their exposure to an asset owned by other investors with
similar portfolio holdings. To test this prediction, we examine changes in the investments of
several MMFs, acting as investors, that invest in the same security issued by a particular issuer,
the asset. These MMFs vary in their degree of portfolio similarity. For our analysis, we use
security-level data that contains both the fund name and the issuer name. We account for all
the observed and unobserved heterogeneity in fund flows originating from issuer characteris-
tics such as funding demands and fundamental risks by including issuer*month fixed effects
in our regressions.” We consider two variables to describe the investment decisions of funds
once they become aware of their similarity to other investors: the likelihood of decreasing ex-
posure to a security issuer (Outflow), and the percentage change in exposure to a security issuer

(AOQutstanding).

Additionally, we examine the relationship between bank funding diversity and bank fund-
ing liquidity risk. Specifically, we investigate whether issuers can substitute the loss of funding
from similar investors with new funds from non-similar investors. To do this, we test whether
an issuer’s average fund similarity predicts the percentage change in the issuer’s total funding

in the following month.

We collect detailed information on the universe of investments of U.S. money market
funds from iMoneyNet. Our dataset includes monthly information from the SEC about the out-

standing amount a money market fund invests in a single issuer’s security, the maturity, the

2This fixed effect saturation follows Khwaja and Mian (2008), Schnabl (2012), Jiménez et al. (2012, 2014).



security rate, as well as the type of security (repurchase agreements, certificates of deposits,
etc.) from November 2010 until August 2014. Our analysis focuses on unsecured funding pro-
vided through certificates of deposit and financial commercial papers, as opposed to repur-
chase agreements to abstract from concerns regarding the quality of collateral backing the se-
curities.® After a manual consolidation procedure, our sample comprises 295 distinct issuers

and 213 MMFs.

Our similarity measure is both fund and security issuer-specific and comprises two com-
ponents: the similarity of portfolio holdings between any two funds and the funding allocation
by each fund to the issuer as a proportion of the total funding. Essentially, when a fund does not
invest in a particular issuer, the joint liquidation costs associated with that fund are zero. There-
fore, to use fund similarity as an indicator for anticipated joint liquidation costs, we calculate

the average similarity of a fund with respect to all other funds investing in the same security.

We present empirical evidence that supports the existence of a demand for diversity. Specif-
ically, we find that a fund reduces its exposure to an issuer as its similarity to other funds that
invest in the same issuer increases. This finding represents our first key result. More precisely,
a one standard deviation increase in similarity to other funds investing in the same issuer is
associated with a 2.2 percentage point (p.p.) increase in the probability of outflow (Outflow).
This estimate is economically significant since it represents 7% of the unconditional proba-
bility of Outflow (33%). Furthermore, investments in an issuer (AOQuistanding) decrease by
2.66 p.p. when fund similarity increases by one standard deviation. This translates to an ad-
ditional 5,346 USD monthly outflow from one fund to an issuer, relative to unconditional aver-
age monthly outflows of 503 USD between a fund and an issuer, and to an outstanding amount

of 201,000 USD for the average security contract. Our regression analysis compares different

3In some robustness checks we consider secured funding via repurchase agreements (repos), and find no effect
of investor similarity on fund flows. For secured securities, concerns over the collateral endogenous illiquidity
would be better captured by considering the similarity between all investors exposed to the same collateral asset
(rather than the group of investors investing in a specific issuer’s security secured by the collateral).



funds investing in the same issuer at the same time while controlling for various factors such
as time-invariant fund characteristics, month fixed effects, and keeping the fund size, maturity,

yield of the security contract, and security type constant.

Our findings also suggest the existence of a trade-off between diversity and diversifica-
tion. Specifically, we observe that the impact of fund similarity on fund flows weakens as the
concentration of a fund’s portfolio increases, indicating lower average joint liquidation costs
(Wagner, 2011). We measure portfolio concentration using the Hirschman-Herfindahl index
(HHI) based on a fund’s portfolio shares. For a fund with a median HHI of 7.73%, the effect
of a one standard deviation increase in fund similarity on fund flows is -3.22 p.p. Meanwhile,
for the fund with the top 10% largest HHI of 25%, the effect is -2.64 p.p. Our results also reveal
that the impact of fund portfolio similarity fades away for funds with an HHI of 75%. Moreover,
consistent with comparative statics in Wagner (2011), we find that funds with less stable fund-
ing from their investors (funds experiencing outflows), issuers in which funds are concentrated,

and riskier issuers exhibit a stronger response to similarity.

We conduct various robustness tests and explore alternative hypotheses to validate our
findings. For example, it is possible that fund outflows are not triggered by fund similarity, but
rather by funds’ investment strategies and constraints, such as concentration limits or follow-
ing a benchmark index. We provide different tests to address this. To address this, we include
control variables that measure the fraction of a fund’s portfolio invested in a specific issuer.
We also construct fund clusters based on a principal component analysis on fund performance
and add cluster*month fixed effects to the regressions. The fixed effects absorb a common com-
ponent of funds following the same index. Additionally, we saturate the regression by adding
fund*month fixed effects to absorb common effects at the fund level. Finally, we considered a
potential concern that fund similarity arises mechanically due to large MMF withdrawals dur-

ing the sovereign debt crisis and demonstrated that all results hold for funds not exposed to



eurozone issuers. Our findings remain robust even after conducting these tests.

Our second main finding demonstrates that funds’ portfolio allocation decisions based
on similarity have implications for an issuer’s funding fragility. Specifically, the average similar-
ity of the funds invested in a bank can affect the bank’s access to funding during a crisis, such as
the European sovereign debt crisis in the summer of 2011, which triggered significant redemp-
tions from some U.S. MMFs (Chernenko and Sunderam, 2014). During this crisis period (June
2011 - December 2011), we find that a one standard deviation increase in the average similarity
of funds invested in a bank leads to a 6 p.p. outflow on the bank’s total unsecured outstanding
funding amount from U.S. MMFs, holding the number of funds and the diversification of liabil-
ities of the bank constant. To put this into perspective, for an average outstanding investment of
USD 5.5 million, the impact of similarity translates into an additional monthly outflow of USD

330,731.

The negative effect of similarity is due to the fact that funding from investors with similar
portfolios is lost and cannot be replaced by investments from those with dissimilar portfolios.
More precisely, our analysis reveals that during a crisis, a one standard deviation increase in
the average fund similarity of an issuer bank leads to a 17.2% decline in funding from similar

investors, without any corresponding increase in funding from non-similar investors.

Our paper contributes to multiple streams of literature. First, it is related to the litera-
ture on asset commonality and its consequences. Prior theoretical works by Allen et al. (2009),
Castiglionesi and Navarro (2020), Ibragimov et al. (2011), and Wagner (2010) demonstrate that
asset commonality increases systemic risk. Greenwood et al. (2015) introduce a model explain-
ing how shocks propagate in a system of leverage-targeting banks with common asset holdings.
Empirical studies by Cai et al. (2018a) find that asset commonality in banks’ syndicated loan
portfolios is positively correlated with systemic risk. Additionally, Wagner (2011) and Capponi

and Weber (2020) model investors’ portfolio decisions and their trade-off between diversifica-



tion costs and benefits. Our paper is related to these papers as we investigate the portfolio
choices of investors due to asset commonality. However, unlike these studies, our investors are
not banks but MMFs that invest in banks, and their similarity creates concentration risk in bank

liabilities.

Our paper is also related to the literature on money markets frictions and their conse-
quences for financial stability. Chernenko and Sunderam (2014) show that security issuers
maintain relationships with specific MMFs, and during the European sovereign debt crisis, is-
suers were not able to replace lost funds from relationship-MMFs. Gallagher et al. (2019) docu-
ment that MMF managers reduced their exposure to eurozone issuers in response to investors’
selective information on MMFs’ risk exposures to Europe. Aldasoro et al. (2019b) find that the
U.S. money market fund sector is highly concentrated and that MMFs charge markups to some
issuers unrelated to credit risk. In addition, the 2016 U.S. MMF reform made government funds
more attractive than prime funds, further reducing competition in unsecured money markets.
* Our paper highlights another friction in money markets that affects MMFs’ expected joint lig-
uidation costs, making it difficult for issuers exposed to similar funds to recover funding access

in a crisis.

Our study’s implications go beyond the MMF industry and have implications for the broader
literature on bank liquidity risk and its regulation. While the literature has mainly focused on
banks’ asset risk and exposure to short-term wholesale funding, our results suggest that com-
monality of investors also matters for banks’ funding risk and financial stability. This issue has
become even more relevant in light of the recent collapse of Silicon Valley Bank in March 2023,
which has been attributed in part to its heavy reliance on uninsured depositors from the same
industry in the same region. Our research highlights the need for further research to explore the

impact of commonality of investors on bank funding risk and its regulation.

4Cipriani and Spada (2018), Baghai et al. (2020), Aldasoro et al. (2019a), and Anderson et al. (2019) have further
studied the responses of funds and banks to recent MMF reforms and their implications for financial stability.



The rest of the paper is organized as follows. Section 2 describes our similarity measure,
data and descriptive statistics of U.S. MMFs’ investments. We present our empirical strategy in

Section 3. We report and interpret our results in Sections 4 to 6. Section 7 concludes.

2 Conceptual Framework and Data

2.1 Conceptual Framework

Our paper shows empirical evidence for a demand for diversity from investors consistent with
the model of Wagner (2011). In this model, the demand for diversity stems from the ex-ante risk
of systemic joint liquidation costs that affect investors’ portfolio choices. Liquidation costs are
systemic because the liquidation costs are disproportionately higher when multiple investors
jointly liquidate an asset compared to liquidation costs incurred by an individual investor who
liquidates in isolation. This friction makes full portfolio diversification no longer optimal. In the
case of full portfolio diversification, investors would hold the exact same portfolios, exposing
them to common shocks, correlated liquidity demands and ultimately, joint liquidation costs.
To hedge against the risk of (systemic) joint liquidation costs, investors prefer to hold differ-
ent portfolios to distinguish themselves from each other. Investors therefore face a trade-off
between the benefits of holding diversified portfolios versus diverse portfolios. An important
feature of the model is that joint liquidation costs, and therefore asset illiquidity, arise endoge-

nously depending on the portfolio composition of other investors holding the same asset.

We test the relevance of the diversity-diversification trade-off using data on money mar-
ket funds. Money markets are an interesting setting to study this trade-off given the specific
incentives of MMFs and the limited pool of low-risk and liquid assets MMFs can invest in. They

usually roll over existing exposures, but stop rolling them over e.g. due to concerns about issuer



or liquidity risk.” MMFs manage and monitor portfolio risk because of the mandate to invest in

"money-like assets", and because regulation limits their investments to highly-rated issuers.

For the same reasons, we expect MMFs to monitor asset illiquidity and hedge against the
risk of systemic liquidation costs. The absence of deposit insurance likely reduces moral hazard
and risk-shifting incentives compared to banks, as MMF investors are not protected against

downside risk.®

The intuition from a fund’s perspective is straightforward: if two funds have similar port-
folios, they are hit by shocks to their portfolio at the same time. Consequently, they will both
experience liquidity needs in the same states of the world and are, therefore, subject to joint
liquidation costs when they decide to stop rolling over funding to an issuer. Thus, they might
decide to reduce their exposure to hedge against systemic joint liquidation costs. We summa-

rize this in our first hypothesis:

H1: Investors hedge against joint liquidation costs and reduce their exposure to issuers that

are exposed to similar investors.

Investors’ demand for diversity likely has consequences for issuers’ funding fragility. That
is, the withdrawal of investments by similar investors might restrict an issuer’s overall access to

funding if she cannot fully replace it. We summarize this in our second hypothesis:

H2: Investor similarity affects an issuer’s overall access to funding and increases her funding

fragility.

SDuring the European sovereign debt crisis, MMFs reduced their unsecured exposure to eurozone issuers fol-
lowing massive withdrawals of their investors, who were concerned about elevated risks in the eurozone (Cher-
nenko and Sunderam, 2014).

Another important underlying assumption is that funds can observe the portfolio composition of other funds.
Note that, unlike for banks, fund portfolio information is widely available through data providers like iMoneyNet
and Morningstar.




2.2 Portfolio Similarity

We introduce a novel measure of portfolio similarity that fully exploits the granular information
about funds’ security holdings. This measure describes the similarity of a fund’s portfolio with

the portfolios of other funds investing in the same issuer.

In our definition, I denotes the total number of assets available to investors. We repre-
sent a portfolio as a vector in an I dimensional space where each “direction” corresponds to a
different asset. A fund f’s portfolio naturally corresponds to a vector in this space. The average

distance of fund f to other funds investing in security issuer i at time £ is:

1)
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where [ is the total number of securities in a fund’s portfolio at time ¢, Amounty; ; is the out-
standing amount invested by fund f in issuer i at time ¢, and the fund size is FundSizes ; =

I
> ;) Amounty; ;.

The measure in equation (1) can be decomposed into two elements: (i) a distance de-
scribing the similarity in portfolio holdings between fund f and another fund ¢ denoted dy,, ;
(pairwise distance), and (ii) a weighting function denoted w;,; that aggregates the pairwise
fund distances into an average distance for fund f. That is, we average the pairwise distances
of fund f using a weighting function that selects all other funds (except fund f) investing in a
specific issuer i. The weight allocated to the other fund ¢ is based on fund ¢’s share of issuer i’s

funding relative to all other funds investing in i.

Amounty; ¢
Wei,t = €[0,1].
Y p#fAmounty; ;

The total amount of funding security issuer i receives from all other funds (except f) at time ¢



is given by }_,» f Amounty; ;.

Intuitively, if fund ¢ provides no funding to issuer i (i.e. Amount,; ; = 0), it cannot with-
draw any funding from that issuer and thus its weight will be zero. However, if fund ¢ provides
all other funding to issuer i (in addition to the funding from fund f), wy;: =1, i.e. only the

portfolio overlap between funds ¢ and f matters.

The average distance of fund f in issuer i in equation (1) can be expressed as a similar-
ity measure that takes the value of zero if all other funds investing in issuer i have no portfolio
overlap with fund f, and 100% if the other funds investing in issuer i have the exact same port-
folio holdings as fund f. The “average” similarity of fund f to other funds investing in security

issuer i at time ¢ is:
e 1 .
Similarity ;; , =100 x {1 - ﬁWgt.Avg.Dlstance fi.¢ | €10,100], )

which we simply call “similarity” for brevity in the rest of this paper.

Based on this definition, it is obvious that Similarityfi’ ; can change for two reasons: (i)
because of changes in portfolio holdings that will be reflected in pairwise Euclidean distances
dfy,t, and (ii) because of changes in the weighting function w; ; when other funds stop rolling

over funding or when new funds start investing in issuer i.

We are ultimately interested in comparing the similarity of one fund to the similarity of
other funds in a given security issuer i. This restricts our sample to issuers that borrow from at
least three funds. In Appendix A (and in Online Appendix D.1) we illustrate the similarity mea-

sure for the two instructive examples shown in Figure 1 to build an intuition for our measure.

[INSERT FIGURE 1 HERE]
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2.3 Data and Descriptive Statistics

Our main data source for U.S. money market funds are the regulatory N-MFP forms which cover
monthly information about MMFs’ exposures collected by the U.S. Securities Exchange Com-
mission (SEC) and are available from iMoneyNet. Following the global financial crisis, the SEC
approved changes to Rule 2a-7 of the Investment Company Act of 1940 in 2010 to strengthen
the regulatory framework of MMFs. The SEC regulation requires U.S. MMFs to report monthly
mark-to-market net asset value (NAV) per share of their portfolios on Form N-MFP, which is
then published by the SEC. We collect the principal amounts, maturities, and yields of 10,619
securities held by U.S. MMFs (including certificates of deposits, repurchase agreements, and
financial commercial papers) from November 2010 until August 2014. Since regulatory data in
N-MFP forms are self-reported, a manual consolidation procedure of the 10,619 securities was
necessary. This resulted in a total of 308 individual security issuers, of which 213 are financial

institutions (including 161 banks).

We focus our work on unsecured securities of MMFs — namely, certificates of deposits
and financial commercial papers — as we expect joint liquidation costs to be less of a con-
cern for securities secured by high quality collateral like Treasury repos or Government Agency
repos.” Confining our research to unsecured funding automatically centers our analysis on
prime MMFs as opposed to government MMFs. MMFs have different investment patterns for
the same issuer depending on whether the security is secured or not. We illustrate this differen-
tial trend in MMFs’ secured and unsecured investments in eurozone banks during the European
sovereign debt crisis in Figure 2. The figure shows the total principal amounts invested in euro-
zone banks by U.S. MMFs. MMFs only massively withdrew unsecured funding (about 200 USD
billion) from eurozone banks in the summer of 2011 (between June 2011 and December 2011)

— a period that we label the "crisis" throughout. In contrast, some eurozone banks were able

"We, however, test the effect of similarity on funds’ decisions by security type in the robustness section.
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to substitute the loss in unsecured funding with repos from U.S. MMFs during the same crisis

period.

(INSERT FIGURE 2 HERE]

We report descriptive statistics for unsecured investments of U.S. MMFs in Table 1.° The
data are collected for 295 issuers; among those, 203 are financial institutions, 155 are banks,
and 39 banks are located in the European Union. In Panel A of Table 1, we report descriptive
statistics at the issuer level. The average fund similarity of an issuer is 89.1%, with a standard
deviation of 8.76%. The average principal amount invested in an issuer is 5.5 USD million, and
the standard deviation around the average is 9.3 USD million. Average total monthly unsecured
fund flows to an issuer are 0.19%, and the standard deviation of flows is 29%. The average yield
is 0.26 basis points, the average maturity is 60 days, and issuers have access to 30 funds on

average.

[INSERT TABLE 1 HERE]

In Panel B of Table 1, we report descriptive statistics at the security level. We apply an
additional filter in this panel, requiring issuers to receive unsecured funding from at least three
different U.S. MMF names each month. As a consequence, we are reporting the descriptive
statistics for a subsample of securities of 144 issuers. The similarity of a fund to the other funds
investing in the same issuer is 84.7% on average, with a standard deviation of 5.6%. The average
amount a fund invests in an issuer through a security is 201,000 USD, with a standard deviation
of 451,000 USD. Monthly security flows between a fund and an issuer are -0.28% on average,

with a standard deviation of 29%. The average yield of a security contract is 0.29 basis points,

8We report the same descriptive statistics for unsecured and secured investments of U.S. MMFs in Table SI-1 in
the Appendix. Note that 85% of the amount U.S. MMFs invest is composed of unsecured investments on average,
with a standard deviation of 31%.

12



and the average maturity is 50 days. The average fund portfolio size is 7.9 USD million, and a

fund invests in 24 different issuer names on average.

In Panel C of Table 1, we decompose the descriptive statistics at the issuer level for dif-
ferent subsamples. For example, the average principal amount is larger for banks (7.8 USD
million) than non-banks (1.8 USD million), and is the largest for non-EU banks (7.9 USD mil-
lion). We find negative average total fund flows to an issuer during the crisis (-3%), for non-bank
(including non-bank financial institutions) issuers (-0.85%), and for banks in Greece, Ireland,
Italy, Portugal and Spain (GIIPS) (-0.82%). The average yield was the largest before the crisis
(34 bps), and for GIIPS banks (35 bps). The average maturity increased from 39 to 65 days after
the crisis, and is the largest for non-EU banks (70 days). Banks have access to more funds on
average than non-banks (43 and 9, respectively), but have a comparable average fund similarity

(86.6% versus 86.2% for non-banks).

(INSERT FIGURE 3 HERE]

Figure 3 shows a breakdown of unsecured funding to eurozone banks from similar and non-
similar U.S. MMFs. We observe in this figure that most U.S. MMFs exposed to eurozone banks
were similar funds (where a fund is considered "similar" if its similarity is above the median
U.S. MMF similarity in a given month). At the same time, we observe in Figure 4 that the aver-
age of the average fund similarity of issuers increased from 86% to 92%, reflecting a potential

reduction in the set of eligible investments for U.S. MMFs.

(INSERT FIGURE 4 HERE]
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3 Empirical Strategy

3.1 Fund Similarity

Our first hypothesis (H1) implies that fund similarity to other investors in the same security
issuer predicts the decision of a fund to roll over funding to an issuer in the next period. Test-
ing this hypothesis involves two empirical challenges: (i) investors funding supply shocks and
issuers funding demand shocks might be correlated, which calls for the identification of fund-
ing outflows that are the result of funds’ decisions and not the result of issuers’ heterogeneous
funding demands, (ii) funds make investment decisions on the basis of issuer fundamental risk
such that an additional identification challenge comes from the potential correlation between
issuer fundamental risk and endogenous issuer security illiquidity arising from the similarity of

his investors.

To address both empirical challenges, we study changes in the funding supply of several
funds investing in the same issuer where the funds differ by their degree of similarity to the
other funds investing in that issuer. We absorb all the heterogeneity in funding flows coming
from observed and unobserved issuer characteristics (e.g. issuers’ funding demands, issuers’
fundamental risk) by including issuer fixed effects interacted with month fixed effects in our
regressions. To ensure heterogeneity in funds’ similarity within an issuer, note that we need at
least three funds investing in the same issuer at time . Our regressions are therefore based on
a restricted sample of issuers who have access to funding in money markets from at least three
different fund names. The hypothesis also entails the assumption that the fund can observe
other funds’ investments one month after reporting. The fund similarity measure is lagged by
one month, implying that this information is known by the fund when the fund makes its in-

vestment decisions at time ¢.”

9The information about funds’ exposures is publicly available from iMoneyNet and the N-MFP forms, the same
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We consider two dependent variables that describe the investment decisions of funds
after learning of their similarity to other investors: the probability of reducing the exposure
to a security issuer (Outflow), and the percentage change in the exposure to a security issuer
(AQutstanding). As we control for the level of demand of funding at the issuer level, both mea-

sures are interpreted as capturing a fund’s decision to roll over funding to an issuer.

We test the effect of fund similarity on the fund’s decision to roll over funding to an issuer

(Fundrollovery;;) with the following regression:

Fundrollovergi; = P+ Pr+Pe+ySimilarityris )
3
+ocontrolsgir1+€fi;
where f;, are issuer*month fixed effects, §¢ are fund fixed effects, and f,; are month fixed ef-
fects, Similarityy;, is the similarity of fund f to the other funds investing in issuer i at time .

The control variables controlsg;, are security-specific characteristics (e.g. maturity, yield) and

fund-specific control variables (e.g. fund size).

The dependent variable Fund rollovery;, is defined as one of two variables:

* Outflow: a indicator variable equal to one if a fund f was investing in issuer i at time ¢ —1
and invests less in issuer i at time # than it was investing in issuer i at time #—1, and equal
to zero otherwise. The sample is restricted to fund-issuer pairs with a non-zero exposure
at time ¢ — 1. The parameter y describes a change in the probability of a fund to reducing

its exposure to an issuer when the similarity of the fund is one p.p. higher.

* AOutstanding: the percentage change in the security exposure of fund f to issuer i be-
tween time ¢ — 1 and time ¢ given by log(volf;;/volg;;—1) * 100, excluding observations

outside the [-100%, 100%] range. This is similar to Chernenko and Sunderam (2014), who

data source we use in our analyses.
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use the percentage change in the average exposure of fund f to issuer i. The parameter y
describes a change in the funding flow from a fund to an issuer when the similarity of the

fund is one p.p higher.

As mentioned above, the unobserved heterogeneity in issuer funding demands is ab-
sorbed by issuer*month fixed effects. In addition, we repeat the regressions adding fund*issuer
fixed effects in order to exploit the funding supply variation within the same fund-issuer pair
over time, controlling for observable and unobservable time-invariant fund-issuer pairs charac-
teristics (such as relationship, or distance). As a robustness test, we include both issuer*month
and fund*month fixed effects, such that we also absorb all unobserved time-varying hetero-
geneity in funds’ characteristics outside their similarity to other funds in an issuer. In this re-
gression, we look at relative/compositional changes in the portfolio of the fund — holding the
fund portfolio growth constant — depending on the fund similarity to other funds investing in

an issuer.

To study the diversification-diversity trade-off, we also consider (in a specification with-
out fund*month fixed effects) the fund portfolio concentration as measured by the Hirschman-
Herfindahl index (HHI). The fund HHI is constructed from the fund’s portfolio shares in issuers
and captures the concentration of the fund portfolio between 0% (full diversification) to 100%
(full concentration). We will use the fund’s HHI both as a control variable in regression (3), and
as an interaction term with the fund similarity measure to study the heterogeneous effects of

fund similarity depending on the level of fund portfolio concentration.

3.2 Issuer Access to Funding

Our second hypothesis (H2) focuses on the issuer and his overall access to funding. Issuers with

more-similar funds on average potentially have a more fragile funding structure, in the sense
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that they might not be able to substitute the loss of funding from similar investors when they

are hit by a common shock.

In order to assess potential substitution effects when an issuer loses funding from its sim-
ilar investors, we study access to funding at the aggregate issuer level. Our dependent variable
is the percentage change in an issuer’s total outstanding amount from MMFs during a month.
Note that this test is not required to be restricted to a sample of issuers having access to U.S.
MMFs via at least three funds. We therefore consider all unsecured fund flows from U.S. MMFs.
This test, however, does not exclude the possibility of substituting the loss in unsecured funding
from U.S. MMFs with secured funding or funding other than from MMFs. Finally, the possibility
for an issuer to substitute funding away from similar investors might be harder during a crisis.
To account for this, we estimate the differential effect of the average similarity of funds of an

issuer on its fund flows during crisis months.

We consider the following regression for the total unsecured fund flows to issuer i during

month ¢:

log(Amount;;/ Amounti;—y) = Pi+Pr+r1Similarity;;—y+7y2Similarity;;—) * Crisis;

+dcontrolsj;_1 +€iy,
4)

where f; are issuer fixed effects, §; are month fixed effects, Similarity;; =Y r wy; Similarityys;
is the average similarity of funds investing in issuer i at time ¢ (similarity with other funds that
also invested in issuer i at time ), Amount;; =Y. f Amounty;, is the total outstanding amount
invested by all U.S. MMFs in issuer i, Crisis; is a dummy variable equal to one during the Eu-
ropean sovereign debt crisis months (from June 2011 until December 2011), and the weights for
the different funds investing in issuer i are given by wy;, = Amountg;;/ 3. f Amounts;;. The
control variables controls;; include issuer-specific controls, as well as the weighted average

maturity and yield of securities of the issuer (using the same weights as for the issuer’s average
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similarity measure). In particular, issuer controls include variables capturing the issuer’s diver-
sification of his funding sources (e.g. the number of funds buying securities from an issuer, and
the issuer’s funding HHI). The parameter y; describes the change in total fund flows of an is-
suer (outside crisis months) when the average similarity of funds of the issuer is one p.p. higher.
During crisis months, the effect of the average similarity on fund flows is y; +y». Therefore, the
parameter y, captures the extent to which funding liquidity risk increases due to the similarity

of the investors of an issuer during a crisis.

4 Results

In this section, we present the results of tests related to our first hypothesis (H1) about funds’
rollover decisions as a function of their similarity to other funds. Results are reported in Subsec-
tion 4.1 where we provide empirical evidence consistent with a demand for diversity (Subsec-
tion 4.1.1), and a diversity-diversification trade-off (Subsection 4.1.2). We rule out alternative

hypotheses in Subsection 4.2.

4.1 Fund Similarity and Rollover Decisions

4.1.1 Baseline Results

We first investigate the effect of similarity of investors on their investment (i.e. rollover) deci-
sions using regression equation (3) and the methodology outlined in the previous section. We

report the results in Table 2.'°

190ut of 668,022 observations describing a fund’s exposure though a security contract to an issuer, we drop ob-
servations for issuers who have funding contracts with fewer than three funds (605,720 remaining observations),
and security contracts that are secured by collateral (436,808 remaining observations). The analysis of Outflow re-
quires funds to have a non-zero exposure to an issuer at time ¢ — 1. The analysis of AOutstanding requires funds to
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[INSERT TABLE 2 HERE]

All regressions include issuer*month fixed effects, as well as fund and month fixed effects,
and also control for fund size. Columns (1) to (4) of Panel A of Table 2 report the effect of the
fund similarity on the probability of a fund reducing its exposure to an issuer (Outflow). The last
four columns report the effect of fund similarity on the percentage change of a fund’s exposure
to an issuer (AQutstanding). Columns (1) and (5) report the results of our benchmark regres-
sions, controlling for maturity and yield of the contract, as well as for security type (certificate
of deposit or financial commercial paper). Columns (2) and (6) assess the effect of fund similar-
ity without control variables. Columns (3) and (7) include issuer*funds fixed effects to control
for different incentives of funds based on their relationship with an issuer. Columns (4) and (8)
exclude expiring contracts (i.e., contracts expiring within the next 30 days) to mitigate concerns

that the effect of fund similarity we find is only due to simultaneously expiring contracts.

In Column (1), we document that the probability that a fund will reduce its exposure to an
issuer (Outflow) increases by 2.2 p.p. with a one standard deviation increase in the similarity of
the fund to other funds that invest in the same issuer. A 2.2 p.p. increase is economically non-
negligible given that the estimate, obtained after controlling for all observed and unobserved
heterogeneity in issuers, represents 7% of the unconditional probability of Outflow (33%). In
this regression, we compare different funds investing in the same issuer on the same date in-
cluding the control variables described above. This estimate remains unchanged without con-
trol variables (Column (2)) while the R? drops from 22% to 13%, emphasizing the stability of our
parameter estimates (Altonji et al. (2005) and Oster (2019)). Our estimate increases somewhat

to 3.3 p.p. after including fund*issuer fixed effects (Column (3)), and to 5.58 p.p. when consid-

have a non-zero exposure at time ¢ and ¢—1. Out of 436,808 observations for unsecured securities, we have 149,561
non-missing observations for Outflow and 123,748 non-missing values for AOutstanding. Additional observations
are dropped in the regressions when observations for the lagged similarity measure or for the control variables are
missing.
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ering only contracts that expire in more than a month (Column (4)). The coefficients capturing

the effect of fund similarity on Outflow are all statistically significant at the 1% level.

Fund flows to an issuer (AOutstanding) are 2.66 p.p. lower when Similarity increases by
one standard deviation (Column (5)). In absolute dollar amounts, the estimate translates into
an additional 5,346 USD monthly outflow, relative to unconditional average funding outflows
of 563 USD (0.28 percentage outflow) between a fund and an issuer, and to an outstanding
amount of 201,000 USD for the average security contract. Among funds investing in a specific
issuer, a fund with a one standard deviation higher similarity to other funds investing in the
issuer in the previous reporting month decreases its exposure to the issuer by an additional
2.66 p.p. compared to other funds. The estimate remains stable in the absence of security
controls (maturity, yield and security type). The effect is even larger (-4.46 p.p.) when we absorb
the heterogeneity in fund-issuer pairs (Column (7)), and fairly similar (-2.35 p.p.) when we
condition on contracts that expire after more than a month (Column (8)). All the estimates
obtained for the effect of fund similarity on AOutstanding in Panel A are significant at the 1%

level.

4.1.2 Diversification-Diversity Trade-Off

In Panel B of Table 2, we provide evidence consistent with a diversification-diversity trade-off.
In our tests, we augment the regression specifications and include both fund similarity and a
proxy for fund portfolio concentration measured by the fund’s HHI. We find that funds reduce
their exposure to an issuer when fund similarity increases, but also when portfolio concentra-
tion increases. Our results show that, holding fund diversification constant, funds become less
similar by reducing their exposure to issuers financed by similar investors. A one standard de-
viation increase in fund similarity increases the probability of outflow by 2.8 p.p., and reduces

fund flows to an issuer by 2.99 p.p., while a one standard deviation increase in fund’s concen-
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tration increases the probability of outflow by 1.5 p.p. and decreases fund flows by 1.26 p.p. The
estimate of fund HHI is only significant at the 5% level for A Outstanding, while the effect of fund
similarity is significant at the 1% level for both outcome variables Outflow and AOutstanding.
In addition, the economic magnitude of the effect of fund similarity is more than twice as large

than the effect of fund’s concentration on AOQutstanding.

Interestingly, the effect of fund similarity on rollover decisions increases with fund diver-
sification, consistent with higher average joint liquidation costs for more diversified portfolios
(Wagner (2011)).'" Columns (2) and (4) of Panel B show that, with a one standard deviation
increase in fund’s concentration, the marginal effect of similarity on the outflow probability de-
creases by 0.1 p.p., and the marginal effect of similarity on percentage fund flows decreases by
0.09 p.p. Consistent with a diversification-diversity trade-off, we find that the effect of similarity
on fund outflows attenuates for concentrated fund portfolios. More precisely, we find that the

effect of fund similarity goes to zero for funds with an HHI of 75%.

4.2 Alternative Hypotheses

In this subsection, we investigate alternative explanations for our results, specifically, (i) that
funds follow a similar investment strategy and (ii) funds’ outflows from eurozone issuers in-

creasing fund similarity during the European sovereign debt crisis (reverse causality).

A possible concern is that funds’ decision to stop rolling over funding to some issuers is
the result of funds following similar investment strategies rather than the result of concerns over
portfolio similarity. For example, our results might simply reflect that funds have concentration
limits and thus reduce their exposures to issuers in which they are concentrated. In Panel A,

we mitigate this concern and introduce a control variable for the fraction of the fund portfolio

UIn particular, this result is derived in Proposition 5 in Wagner (2011), which states that "More diversified portfo-
lios entail higher average liquidation costs".
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invested in issuer i (Weighty; ).The results are reported in Table 3.

[INSERT TABLE 3 HERE]

Three observations emerge from Panel A of Table 3: first, the effect of fund similarity is
robust to controlling for a fund’s concentration in an issuer. Second, in Columns (1) and (3),
we provide evidence consistent with concentration limits as, e.g. funds with larger investments
in a single issuer are more likely to reduce their investments. Third, in Columns (2) and (4),
we find that, controlling for the fund’s portfolio weight in an issuer, the sign of the estimate of
fund’s concentration (HHI¢,;) becomes negative. This is intuitive, once we control for a fund’s
investment in a single issuer i, the overall portfolio concentration of the fund measured by
HHIf; measures the concentration in all other issuers (except 7). In other words, we find that
funds are less likely to reduce funding to an issuer if the concentration of their portfolio in other

issuers is high.

In Panel B of Table 3, we investigate the possibility that the effect of fund similarity on
fund flows is the result of funds following the same benchmark index in their investment de-
cisions. To address this concern, we introduce additional controls and fixed effects to control
for observed and unobserved heterogeneity in fund characteristics. In Columns (1) and (5), we
control for a fund’s performance, average liquidity and average maturity. These fund controls
absorb all heterogeneity in fund performance, liquidity and maturity and make funds more
comparable and susceptible to following the same investment strategy. In Columns (2) and (6),
we add fund cluster*month fixed effects. Fund clusters are obtained from a principal compo-

nent analysis on fund performance.'” The fund cluster*month fixed effects should absorb the

12We compute the first five principal components of monthly fund performance to explicitly account for the pos-
sibility that different funds follow the same index. We then regress a fund’s monthly performance on the principal
components and create five indicator variables that equal one if a fund has a significant loading on a principal
component. This gives 2° = 32 possible combinations of indicator variables per fund. Finally, we cluster all funds
with the same combination of indicator variables into one cluster.
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common component of funds following the same index. In Columns (3) and (7), we add fund
complex*month fixed effects. The fixed effects here absorb the common component of funds
belonging to the same fund family ("fund complex"). Finally, we add fund*month fixed effect
in Columns (4) and (8). In this regression, we absorb all the heterogeneity in funds’ investments
decisions except for their issuer-specific similarity. We can therefore assess how a fund will tilt
its portfolio towards issuers whose other investors are less similar to the fund, controlling for
all observed and unobserved characteristics of the fund. In all regressions, we obtain the same
sign for the estimates of the effect of fund similarity, and the estimates are all significant at the
1% level, suggesting that our interpretations remain qualitatively unchanged after controlling

for the level of funding supply of a fund.

In Panel C of Table 3, we address the issue of reverse causality. While our result is identi-
fied within an issuer-month by comparing the similarity of several funds investing in the same
issuer, it is possible that our result is explained by outflows from eurozone issuers during the
European sovereign debt crisis mechanically increasing the similarity of U.S. MMFs. Conse-
quently, outflows would explain an increase in similarity (reverse causality). Indeed, as we ob-
serve in Figure 2, U.S. MMFs withdrew almost all unsecured funds from eurozone issuers in the
summer of 2011. Average investor similarity increased by 6 p.p. from 86% to 92% (Figure 4) as a
result of MMFs all withdrawing from the same issuers at the same time. In Panel C, we show that
the marginal effect of similarity on fund flows to an issuer is not significantly different for funds
that were not exposed to eurozone issuers in June 2011. The indicator variable noeuroexpy
in Panel C takes the value of one for a fund that had no exposure to eurozone issuers in June
2011 and zero otherwise. The effect of similarity is not significantly different for non-exposed
funds for both the outflow probability (Column (1)) and the percentage fund flows to an issuer
(Column (3)). The table also shows in Columns (2) and (4) that there is no differential effect of

the fund concentration on fund flows from non-exposed funds. We discuss further robustness
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checks to our main result in the Online Appendix D.2.

5 When Does Similarity Matter?

Our previous results are consistent with the interpretation that funds react when portfolio sim-
ilarity with other funds increases. In this section, we investigate when similarity matters, ex-

ploiting the heterogeneity across funds and issuers, and report the results in Tables 4 and 5.

5.1 Fund Exposure

Itis a testable hypothesis that similarity matters more when fund exposures are large. We report
the results of this test in Table 4, where we add the fraction of the fund’s portfolio invested in is-
suer i (Weighty; ) to our baseline regression, as well as the interaction term Similarityg;;—1 x
Weighty;  (Columns (1) and (4)) to assess the differential effect of similarity when the fund’s
exposure in an issuer’s security is high. Consistent with our hypothesis, we find that the marginal
effect of similarity increases when the fraction of the fund’s portfolio invested in an issuer in-
creases. For example, when the portfolio share of a fund in an issuer is about 10% (correspond-
ing to the 90th percentile of Weighty; ; distribution), the probability of experiencing a fund
outflow increases by 4.3 p.p. and the percentage flows by -4.5 p.p. for a one standard deviation

increase in fund similarity.
[INSERT TABLE 4 HERE]

Funds might also react more strongly to an increase in similarity when they experience
redemptions. We construct a new variable (Redemption), which is defined as a fund’s net out-

flows as a percentage of the fund total portfolio in a given month. We add the interaction term
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Similarityfi;—1 x Redemptionys, in Columns (2) and (5) and also include the interaction term
Similaritygi;—1 x Weights;; in Columns (3) and (6). Conditional on withdrawals, we find
that funds withdraw more as a response to similarity in months with large redemptions from
investors (Column (5)). The effect of a one standard deviation in fund similarity on fund flows
increases from -2.32 p.p. for a fund with no redemption to -2.35 p.p. (-0.04 p.p. difference) for
the fund with the 10% largest net outflows from its investors. Interestingly, the coefficient of Re-
demption is positive and significant, suggesting that MMFs shift funds from investments with

high similarity into investments where similarity is low.

Taken together, funds that have more concentrated holdings in an issuer or experience
higher redemptions react more strongly to an increase in similarity. This is consistent with the
literature on fire sales where fire sales are more pronounced when assets are jointly held by
banks that are more leveraged or closer to the regulatory constraint (Ellul et al., 2011). In our
context, we observe an analogous effect in that joint liquidation costs are more of a concern for

investments held by similar funds with large exposures and less stable funding structures.

5.2 Issuer Risk

In this section, we study the interaction of similarity with issuer risk. Joint liquidation costs are
likely to be a concern for risky issuers as they are more prone to default on repayment when
multiple funds withdraw. While our regression design absorbs all variations in fund flows that
are related to issuer risk through issuer*month fixed effects, this design allows us to investigate
whether funds’ response to similarity is stronger for riskier issuers using interaction terms with
a proxy for issuer risk. To measure risk, we construct a new variable Volatility;; as the squared

stock return of the security issuer over the past month and include an interaction term with
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similarity in our baseline regression.'® We report the results in Panel A of Table 5.

[INSERT TABLE 5 HERE]

All regressions include issuer*month fixed effects, fund and month fixed effects, security
controls and security types, and a control variable for the fund size. Columns (1)-(3) show the
result for the outcome variable Oufflow, and Columns (4)-(6) the results for the outcome vari-
able AOutstanding. Columns (1) and (4) show the results of Table 2 for the restricted sample
of issuers for which we have stock price data. Columns (2) and (5) include an interaction term
Similaritygis—1 x Volatility;,-1, and Columns (3) and (6) include an additional interaction

with the crisis period.

We do not find any differential effect of fund similarity for riskier issuers on the funds’
probability to withdraw funding from an issuer (Columns (2)-(3)). In contrast, Column (5)
shows that funds withdraw significantly more funding from issuers with similar investors when
issuers are riskier. The effect of a one standard deviation increase in fund similarity on fund
flows is -2.2 p.p. for issuers with the lowest volatility, -2.3 p.p. for issuers with a median volatil-
ity, and -3.4 p.p. for issuers within the 90th percentile of stock return volatility. Column (6)
shows that the effect of fund similarity on fund flows of these risky issuers is stronger (-4.6 p.p.)
during the crisis period. In summary, the probability that a fund withdraws funding based on
similarity does not increase with issuer risk, but outflows are larger when they do, particularly

during crises.

As European banks were particularly affected during the sovereign debt crisis (Acharya
and Steffen, 2015), we expect joint liquidation costs and the effect of fund similarity on fund
flows to be stronger for European banks during the crisis. We construct a new variable Bank,

which is a dummy equal to one if an issuer is a bank. We also define a new variable EUbank

13We obtain the stock price data from Bloomberg.
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indicating a European bank issuer. In Columns (1) and (4) of Panel B, we include the interaction

term Similaritys;;—1 x Bank;. We find no differential effect on similarity if issuers are banks.

In a next step, we drop all non-bank issuers and compare the effect of fund similarity
for banks during the crisis (Columns (2) and (6)), European banks (Columns (3) and (7)), and
European banks during the crisis (Columns (4) and (8)) separately. As in Panel A, we do not
find any significant differential effect of similarity on Outflow for any set of banks or during the
crisis. We do, however, find that banks suffer larger outflows from similar funds during the crisis
(Column (6)). Moreover, European banks have larger outflows from similar investors compared

)14

to non-European banks (Column (7)) °, and all banks experience even larger outflows from

similar investors during crisis periods.

Overall, our results are consistent with the interpretation that investors in European banks
are exposed to greater expected joint liquidation costs due to the relatively higher fragility of
these banks during our sample period. In terms of economic magnitudes, the reduction in fund
flows from a one standard deviation increase in fund similarity is -3.6 p.p. for banks during a
crisis, compared to -2.8 p.p. outside the crisis period (Column (6)). Similarly, the effect of a one
standard deviation increase in fund similarity on fund flows is -3.8 p.p. (7,693 USD outflow)
for European banks, compared to -2.9 p.p. (5,800 USD outflow) for other banks (Column (7)).
Combining both effects in Column (8), we find that the monthly outflow due to an increase in
fund similarity of one standard deviation is about -3.9 p.p. (7,850 USD) during the European

sovereign debt crisis for the securities issued by European banks.

14Note that the EUbank dummy is dropped because of fixed effects.
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6 Fund Similarity and Issuer Funding Fragility

6.1 Funding Liquidity Risk

We turn to our second hypothesis (H2) pointing to an increase in a security issuer’s funding liq-
uidity risk when his funds are more similar. An issuer can resort to multiple funds to diversify
his liabilities and strengthen his balance sheet. However if all funds of an issuer have the same
portfolios, funding liquidity risk increases for the issuer as diversification benefits from resort-
ing to multiple fund names attenuates. We report the results of regression (4) describing the
effect of the average fund similarity of an issuer on its total fund flows in Table 6.'> We focus
on the issuer’s access to unsecured funding and aggregate our observations at the issuer level
providing us with 12,516 panel observations and 301 issuers. As our analysis requires issuers
to have access to unsecured funding via U.S. MMFs in two consecutive years, our final sample

contains about 4,590 observations with non-missing funding flows.
[INSERT TABLE 6 HERE]

All regressions in Panel A include issuer fixed effects, month fixed effects, and security
control variables. The regressions in Columns (3)-(4) and (7)-(8) also include issuer*year fixed
effects to focus on the within-year variation at the issuer level. We also control for the number of
funds investing in an issuer and the issuer’s liability diversification with the issuer's HHI index in
Columns (1), (3), (5), and (7). In Columns (1) to (4), we exclude interaction terms with the crisis
indicator variable from our regression. We find that average fund similarity of an issuer is not
statistically significant in explaining fund flows. Only the number of funds of an issuer and the

issuer’s liability HHI explain the total fund flows. Fund flows are 0.3 p.p. lower for issuers with

15Regressions at the issuer level do not require us to restrict the sample to issuers with access to money mar-
kets via three funds. We therefore consider the entire universe of issuers with access to U.S. money market funds
reporting to iMoneyNet in this section.
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an additional fund relationship, and 5.7 p.p. higher for issuers with a one standard deviation
higher concentration in their liabilities (Column (3)). Both coefficients are significant at the
5% level after including issuer*year fixed effects, and are relative to unconditional average fund
flows of 0.2% to an issuer, and an average total outstanding amount invested by U.S. MMFs in

an issuer of USD 5.5 million.

We find that the average similarity of the funds of an issuer only affect access to funding
during a crisis. In Column (5), fund flows to an issuer increase by 1.1 p.p. when the average fund
similarity of the issuer is one standard deviation higher. This coefficient for non-crisis months
is, however, not significant at the 5% level. The effect of average fund similarity of an issuer on
its fund flows decreases by 7.1 p.p. in a crisis, and fund flows to an issuer decrease by about 6
p-p- when the average fund similarity of the issuer is one standard deviation higher during crisis
months. In dollar amount terms, and relative to an average outstanding investment of USD 5.5
million, the effect of a one standard deviation increase in the issuer’s average fund similarity

translates into a USD 330,731 additional monthly outflow during crisis months.

In Panel B, we study the heterogeneous effects of the issuer’s average fund similarity de-
pending on issuers characteristics, for banks and European banks, in particular. All regressions
include issuer and month fixed effects'®, issuer control variables for the number of funds and
the diversification of liabilities, as well as security control variables. We do not find any differen-
tial effect of the average fund similarity on the total fund flows of issuers when issuers are banks
(Column (1)). In the subsample of bank issuers, the effect of average fund similarity of an issuer
is only significant at the 1% level for European banks during the European sovereign debt crisis.
The effect of an increase in the issuer’s average fund similarity by one standard deviation leads

to a reduction in fund flows by 7.6 p.p. for European banks during the crisis, compared to 5.4

p.p. for other banks during the crisis. Relative to an average total outstanding amount invested

16We do not include issuer*year fixed effects in the regressions of Panel B given the lower number of observations
in subsamples.
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in a bank of USD 7.8 million, a 7.6 p.p. outflow corresponds to a USD 592,404 monthly funding

outflow due to a one standard deviation increase in the issuer’s average fund similarity.

Overall, we find that similarity leads to substantial funding outflows at the issuer level,
particularly during crises and for European banks. In a next step, we investigate whether issuers

can compensate for these outflows with funding from "non-similar" investors.

6.2 Similar vs. Non-Similar Investors

If issuers can recover funding from non-similar investors when similar investors reduce fund-
ing to an issuer, then fund similarity should not have any consequence for the issuer’s funding
fragility. In particular, during a crisis, when concerns about expected joint liquidation costs are
more important, non-similar investors could play a role in stabilizing issuers’ access to funding.
To test the substitution effects between similar and non-similar investors, we split our depen-
dent variable describing the percentage fund flows to an issuer into two separate dependent
variables: (i) the percentage fund flows to an issuer from similar investors, and (ii) the per-
centage fund flows to an issuer from non-similar investors. Funds (or investors) are labelled as
"similar" when their similarity measure is above the median similarity measure of funds in a
given month. We show the separate effects of an increase in average fund similarity of an issuer
on fund flows from similar investors (Columns (1)-(2)), and on the fund flows from non-similar
investors (Columns (3)-(4)). In addition, we separate the sample between crisis months and
non-crisis months (NoCrisis;). Columns (1) and (2) include issuers’ liability structure controls
(issuer HHI and number of funds), while Columns (3) and (4) exclude the controls. The results

are reported in Table 7.

(INSERT TABLE 7 HERE]
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Outside the crisis period, we find that similar investors reduce their exposure to an issuer
as aresult of an increase in the issuer’s average fund similarity, while non-similar funds increase
their exposure. That is, non-similar investors compensate for the loss of funding from similar
investors outside the crisis. In contrast, non-similar investors do not significantly change their
exposure to an issuer following an increase in the issuer’s average similarity during a crisis, while
issuers experience severe outflows from similar investors. Issuers lose on average 17.2% of their
outstanding amount from their similar investors during a crisis as a result of a one standard de-
viation increase in the issuer’s average fund similarity, and this loss of funds is not compensated

for by non-similar investors.

To summarize, non-similar investors do not substitute funding from similar investors,
while similar investors "run" from issuers with higher average investor similarity during a cri-

sis. !’

7 Conclusion

We study the effect of portfolio similarity among investors on their decision to roll over funding
to a security issuer. Using detailed security-level holdings of U.S. Money Market Mutual Funds
(MMFs), we construct a novel measure of portfolio similarity among investors (i.e. MMFs) who
are exposed to the same issuer. Consistent with theories highlighting correlated liquidity needs
of more similar investors (e.g. Wagner (2011)), we find that a fund reduces the exposure to an
issuer if the fund’s similarity to other investors in this issuer increases. Importantly, we find that

an issuer’s average fund similarity predicts its total funding in the next period. In other words,

7In Table SI-5 in the Online Appendix, we present analogous results as in Table 6, replacing the average fund
similarity measure of an issuer with the share of total U.S. MMF funding of an issuer coming from similar funds
(with "similar" being defined as above). This alternative measure captures the issuer’s exposure to similar funds.
The results we obtain using the share of similar investors in Table SI-5 are qualitatively the same as the results
obtained with the average fund similarity measure in Table 6.
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issuers cannot substitute this loss in funds, particularly during crises.

While our measure and analysis are broader and not industry-specific, they do highlight
concerns regarding funding liquidity risk in the banking sector. Since the 2007-09 global fi-
nancial crisis, new regulations have been introduced in order to limit bank liquidity risk (e.g.
Basel III liquidity coverage ratio (LCR) and net stable funding ratio (NSFR)). The friction of sys-
temic liquidation costs arises due to limited available liquidity in the market. In the case of
MMF securities, correlated funding liquidity needs of similar funds and limited available cash
on the issuer’s balance sheet increase expected joint liquidation costs. Regulations that improve
available liquidity at issuers exposed to similar funds or at similar funds themselves can play a

significant role in reducing concerns related to systemic liquidation costs.

Our results are complementary and emphasize the need for regulators to pay closer atten-
tion to the funding side of banks’ balance sheets in future attempts to address banks’ funding
liquidity risk. It is insufficient to assess a bank’s liquidity needs based on the amount of short-
term funding, nor would it be sufficient to focus on the concentration of short-term depositors
or assess liquidity risk as a function of bank health. Our results suggest that it would be wise to

focus on the portfolio similarity among investors and their correlated liquidity needs.
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A Examples to Illustrate Portfolio Similarity

Example 1. To illustrate the Similarity;; , measure, consider the following simple example.
There are three funds, the first two of which each invest one unit into one of two security is-
suers and the third fund only invests one unit in the first issuer. The situation is depicted in
Figure 1. The portfolio allocation of the three funds f;, f>, and f; and the two security issuers i;
and i, is as follows:

i1 i

A =11
L= 1
=10

This portfolio allocation implies the corresponding fund-issuer-specific weighting vectors w,, ;
for fund f; of:

LB
wr;, = 12 1/2
Whi, = 1 0

where row i indicates the weight wy, ; fund fi has in issuer i, and column ¢ is the weight fund
f1 has relative to fund ¢. Weights are derived the following way: excluding funding provided
by fund f; to issuer i, issuer i; receives two units of funding, of which one unit comes from
fund f, and one unit comes from fund f;. Therefore, to average pairwise distance of fund f;
relative to issuer i}, the pairwise distance between fund f; and f> receives a weight of 1/2, and

the pairwise distance between fund f; and f3 has a weight of 1/2.

For funds f5, and f3 we get:

i )
wp, = (12, 1/2)
wei, = (1 , 0)
i )
we, = (12, 1/2)
wei, = (1 , 0)

In this example, the pairwise Euclidean distances in funds’ portfolio holdings are dy, f, =

0, and dy, f, = df, r, = 0.707. Using these pairwise distances multiplied by the corresponding
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weighting vectors w, ;, the weighted average fund distances are given as:

Wgt.Avg.Distance;, = Wgt.Avg.Distance, = (0.354,0.0)
(0.707,0.707)

u

Wgt.Avg.Distance ,

Using the relation between distance and similarity in equation (2), the funds’ similarity

measures are given by:

(75,100)
(50,50)

Sp =S,
Sf.

3

Funds f; and f; are identical in this example, and fully diversified, while fund f; is differ-
ent and specialized. Funds f; and f, have the same similarity measure since they are identical.
Looking at security issuer i», the similarity of fund f; (resp. fund f>) is 100% (the largest possible
value) given that the only other fund investing in issuer i, is fund f, (resp. fund f;) with the exact
same portfolio. Looking at issuer ij, the similarity is below 100% given that for each fund, there
is at least one different fund investing in issuer i;. Comparing the similarity of funds investing
in issuer i, the similarity of fund f; and fund f, (75%) is relatively higher than the similarity of
fund f3 (50%), given the respective portfolio composition of the three funds (i.e., funds f; and

f> are identical, while fund f; is different).

Example 2. In another simple example, we consider the alternative case where we have
two specialized funds with the exact same portfolios, and one diversified fund that is different.

Consider the following portfolio allocation:

i1 i

h =1
=1
=1

We can show that, for issuer i;, who gets the exact same funding allocation as in the previ-
ous example, the similarity measure of each fund remains the same. In other words, our fund

similarity measure is not a function of fund diversification. In this case, the average weighted
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distances are:

Wgt.Avg.Distance; = Wgt.Avg.Distancey, = (0.354,0.707)

Wgt.Avg.Distance, = (0.707,9)
Consequently, the fund similarities are:
Sfl = sz = (75,50)
S, = (50,9)

Note that, for issuer i;, we obtain the same fund similarity of 75% for funds f; and f,, and of 50%
for fund f; as in the previous example where the difference in portfolio diversification between
funds is reversed. The @ for fund f; in issuer i, appears because there is no other fund investing
in this issuer. Consequently, the average distance of fund f3 to all other funds investing in issuer
i» is not defined.'®

18An average distance of zero would mean that fund f; has no distance to the other funds investing in issuer i,
i.e. that there are other funds investing in this issuer with the exact same portfolio as fund f3.
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B Figures

Figure 1: Fund Portfolio Composition in Examples 1& 2

Fund 1 Fund 2 Fund 3 Fund 1 Fund 2 Fund 3
i
¥ I il L | L1 [ L‘ ¥
Issuer 1 Issuer 2 Issuer 1 Issuer 2
() (b)

(a): Investments of funds fi, f>, f3 in security issuers i1, i» corresponding to Example 1. (b):
Investments of funds fi, f>, f3 in security issuers iy, iy corresponding to Example 2. Different
colors denote different security issuers. Each arrow represents an investment of 1 by a fund

(top) in a security issuer (bottom).
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Figure 2: U.S. Money Market Funds’ Investments at European Banks
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This figure shows the total principal unsecured (solid line) and secured (dashed line) amounts
invested by U.S. MMFs at European (eurozone) banks in USD billion over time. Secured
investments include repurchase agreements, and unsecured investments are certificates of
deposit and financial commercial papers.
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Figure 3: Unsecured Investments at European Banks: Similar vs. Non-similar U.S. MMFs
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| | | |

50

o —

2011m1 2012m1 2013m1 2014m1

funding from similar funds ————- funding from non-similar funds

This figure shows the total unsecured principal amounts invested by similar funds (solid line)
and non-similar funds (dashed line) at European (eurozone) banks in USD billion. A fund is
considered similar to other funds if its average similarity measure across its issuers is greater
than or equal to the median average similarity measure of all funds, and considered
non-similar otherwise.
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Figure 4: Average of Average Fund Similarity of Issuers
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This figure shows the average across issuers of the average fund similarity measure (in %). The

average fund similarity measure of an issuer is computed as the average similarity across funds
investing in that issuer.
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C Tables

Table 1: Descriptive statistics: unsecured funding

This table provides descriptive statistics describing U.S. MMFs’ unsecured investments. Panel A reports descriptive
moments of variables at the issuer level. Panel B reports descriptive moments at the security level (at the issuer-
fund pair level) for the same variables on the sample of issuers who have access to U.S. MMFs via at least three
funds. Panel C reports average variables at the issuer level describing unsecured funds received by issuers via U.S.
MMFs on different sample splits. Panels A and C: Amount is the total unsecured principal amount invested by U.S.
MMFsin anissuer. AOutstanding;; is the percentage change the unsecured amount invested by U.S. MMFs in an
issuer. Yield and maturity are, respectively, the weighted average yield and maturity of an issuer on its unsecured
funding, where weights are given by the relative volume of the fund investment in the issuer. Similarity;; is the
average similarity of the funds investing in an issuer. Panel B: Amount is the unsecured principal amount invested
by one fund in an issuer via one security type. AOutstandingy;. is the percentage change in the amount invested
by one fund in an issuer. Yield and maturity are, respectively, the yield and maturity of the security. Similarityg;,
is the similarity of a fund investing in an issuer to the other funds investing in the same issuer. Crisis: 2011-06 -
2011-12. GIIPS: Greece, Ireland, Italy, Portugal and Spain.

Panel A: Descriptive statistics at the issuer level (unsecured funding)

Obs Mean Std. Dev. Min Max

Amount (1’000 USD) 5,468 5,544 9,325 0.00 61,526
AOutstanding;; (pct. change) 4,590 0.19  28.92 -99.48  99.39
Yield (bps) 5,468 0.26 0.17 0.00 4.50
Maturity (days) 5,468 59.99 63.92 0.00 395.00
Similarity;; (%) 5,303 89.11 8.76 32.26  100.00
# Funds per issuer 5,468 30.25  40.39 0.00 189.00
HHI 5,467 0.44 0.38 0.02 1.00
Issuers 295

of which, fin. institutions 203

of which, banks 155

of which, EU banks 39

of which, GIIPS banks 4
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Panel B: descriptive statistics at the fund-issuer level (unsecured funding)

Obs Mean Std. Dev. Min Max

Amount (1’000 USD) 150,631 201 451 0.00 10,461
AQutstandingy;; (pct change) 123,748 -0.28  28.95 -99.99 100.00
Yield (bps) 141,945 0.29 0.15 0.00 5.51
Maturity (days) 150,608 50.24 44.81 0.63 391.00
Similarityy;, (%) 146,927 84.70 5.58 27.36  99.90
Fund size 150,631 7,906 13,897 0.30 86,434
# Issuers per fund 150,631 24.19 9.24 1.00  52.00
Fund HHI 150,631  7.47 6.13 2.80 100.00
Funds 213

Issuers 144

Panel C: Descriptive statistics at the issuer level (unsecured funding) - sample splits

Amount AOut; Yield Maturity Sim;; #funds HHI  Obs  Issuers

Before crisis 6,891 -0.29  0.34 50.75 88.10 33.72 0.36 485 122
Crisis 5,811 -3.01 0.29 39.14 87.81 32.69 0.38 766 160
After crisis 5,341 0.79 0.25 64.84 85.97 29.41 0.46 4,217 265
Not a bank 1,813 -0.85  0.21  53.57 86.18 9.48 0.61 2,060 140
Bank 7,800 0.73 0.30 63.87 86.56 42.80 0.34 3,408 155
Non EU bank 7,938 0.90 0.31 70.02 86.66 42.64 0.36 2,645 128
EU bank 7,801 0.20 0.26  42.98 86.47 46.25 0.23 699 27
GIIPS bank 2,086 -0.82  0.35 38.26 84.73 12.00 0.44 63 4

Note: AOut;i; is AOutstanding;s; Sim;; is Similarity;;
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Panel B: Fund rollover decision and fund similarity, controlling for fund concentration

Outflowyi;
(1 )

AQutstandingyi;
3) (4)

Similarityfit

0.005*** 0.006***

-0.537%*  -0.623***

(4.15) (4.82) (-5.41) (-5.45)
HHIf 0.001 0.006*** -0.085** -0.491%**

(0.96) (2.90) (-2.00) (-3.32)
Similarityfi—y * HHIf_ -7.82x107°%* 0.006***

(-2.58) (3.12)

Issuer*month FE Y Y Y Y
Fund, month FE Y Y Y Y
Security controls, FE Y Y Y Y
R? 22.00 22.01 9.22 9.23
Adjusted R? 19.75 19.76 6.15 6.16
Observations 136982 136982 113073 113073
Issuers*month 3575 3575 3449 3449
Funds 210 210 204 204
Months 43 43 43 43
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Table 3: Fund rollover decision and fund similarity: alternative hypotheses

This table shows the effect of the fund similarity on funds’ decision to roll over funding to an issuer, controlling for
funds’ concentration limits in Panel A, controlling for a common investment strategy for funds following the same
index in Panel B, and controlling for a differential effect of similarity on funds not exposed to eurozone issuers
before the European sovereign debt crisis in Panel C. Outflow is an indicator variable equal to one if a fund f was
investing in issuer i at time ¢ — 1 and invests less in issuer i at time ¢, and equal to zero otherwise. AQOutstanding:
the percentage change in the security exposure of fund f to issuer i between time ¢ — 1 and time ¢. Similarityys;;
is the similarity of fund f to the other funds investing in issuer i at time ¢. Weighty;, is the fraction of the portfolio
of fund f invested in issuer i at time ¢. HHI¢, measures the portfolio concentration of the fund. noeuroexpy
is an indicator variable equal to one for a fund that was not exposed to eurozone issuers in June 2011, and equal
to zero otherwise. The reported regression results control for the level of funding demand (issuer*month fixed
effects), fund characteristics, fund fixed effects, and month fixed effects. Security controls and fixed effects include
the weighted average maturity and weighted average yield of funding contracts between issuer i and fund f at
time ¢ — 1, as well as fixed effects for the type of security. T-statistics based on standard errors clustered at the

fund*month, issuer and month level.

Panel A: Concentration limits

Outflowyi, AOQutstandingyi;
(1 (2) (3) 4)
Similarityfi—1 0.008***  0.006*** -0.851%** -0.644%**
(7.05) (4.58) (-7.14) (-5.14)
Weightpir—1 1.809%*  1.897%* -157.810%**  -163.575%**
(12.81) (13.90) (-12.46) (-13.31)
HHIf,f_l -0.004*** 0.310%**
(-4.36) (4.11)
Issuer*month FE Y Y Y Y
Fund, month FE Y Y Y Y
Security controls, FE Y Y Y Y
R? 23.31 23.36 11.55 11.61
Adjusted R? 21.1 21.15 8.56 8.62
Observations 136982 136982 113073 113073
Issuers*month 3575 3575 3449 3449
Funds 210 210 204 204
Months 43 43 43 43
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Panel C: Eurozone exposure

Outflowy;; AOQutstandingyi;
(1 2) (3) 4)
Similaritygis— 0.005*** 0.006*** -0.574***  -0.615%**
(4.36) (4.06) (-5.65) (-5.06)
Similaritygi;— * noeuroexpy  -0.001 -0.001 0.141** 0.122*%
(-0.73) (-0.93) (2.10) (1.80)
HHIf 0.003 -0.044
(1.42) (-0.48)
HHIf 1 * noeuroexpy 0.00 -0.04
(-1.25) (-0.45)
Issuer*month FE Y Y Y Y
Fund, month FE Y Y Y Y
Security controls, FE Y Y Y Y
R? 22.00 22.00 9.22 9.22
Adjusted R? 19.75 19.76 6.15 6.15
Observations 136982 136982 113073 113073
Issuers*month 3575 3575 3449 3449
Funds 210 210 204 204
Months 43 43 43 43
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Panel B: Funding liquidity risk and issuer’s average fund similarity - sample splits

All issuers Bank issuers
AOQOutstanding;; (1 (2) 3) 4)
Similarity;t— 0.015 0.106 <0.001 0.065
(0.11) (0.55) (0.00) (0.29)
Similarity;;—, * Bank; -0.029
(-0.13)
Similarity;;—1 * Bank; * Crisis; -0.449 -0.612*
(-1.10) (-1.77)
Similarity;;—1 * EUbank; 0.136  -0.222

(0.35) (-0.53)

Similarity;;—1 * EUbank; * Crisis; -0.255%**
(-3.85)
Issuer, time FE, issuer and security controls Y Y Y Y
R? 7.62 6.27 6.19 7.69
Adjusted R? 1.43 0.14 0.05 1.58
Observations 4,536 2,979 2,979 2,979
Issuers 237 135 135 135
Months 43 43 43 43
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Table 7: Issuer funding liquidity risk and average issuer similarity: fund flows from similar
vs. non-similar investors

This table shows the effect of average fund similarity of an issuer on the issuer’s access to funding from similar and
non-similar investors. An investor is labelled "similar" when her similarity is above the median similarity of funds
in a given month. AOutstanding is the percentage change in total funding to issuer i between time ¢ — 1 and time
t. The table reports regression results separately for funding flows (A Outstanding) from “Similar” (Columns (1)-
(2)) versus “Non-similar” investors (Columns (3)-(4)). Similarity;; is the average similarity of the funds investing
in issuer i at time ¢. Crisis: 2011-06 - 2011-12. NoCrisis=1-Crisis. Security controls include the weighted average
maturity and weighted average yield of funding contracts between issuer i and all funds investing in issuer i at

time ¢ — 1. T-statistics based on standard errors clustered at the issuer level in parentheses.

AOutstanding;;

Similar Non-similar
(D 2 3 (4)
Similarity;;—1 * NoCrisis; -0.512** -0.796*** 0.684** 0.674
(-2.24) (-2.77) (2.53) (2.54)
HHI;; 1« NoCrisis; 0.787 4.015
(0.15) (0.44)
#fundsi;—1 * NoCrisis; -0.231%** -0.130**
(-4.93) (-2.36)
Similarity;r—1 * Crisis; -1.267*%*%  -1.964*** -0.082 -0.019
(-3.54) (-3.87) (-0.24) (-0.05)
HHI;y 1 %Crisis; 21.842** 21.029*
(2.49) (1.74)
#fundsj;—1 * Crisis; -0.138%** -0.091
(-2.65) (-1.18)
Issuer, time FE, security controls Y Y Y Y
R? 8.76 9.63 7.18 7.43
Adjusted R? 1.32 2.15 0.17 0.27
Observations 3,490 3,490 2,494 2,494
Issuers 218 218 129 129
Months 43 43 43 43
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D Online Appendix

This Online Appendix provides supplementary information for Similar Investors. (Georg et al.,
2020). In Section D.1, we provide additional examples to illustrate our similarity measure. Sec-
tion D.2 presents additional robustness checks and additional analyses, complemented by ad-

ditional Tables in Section D.3.

D.1 Additional Examples

Figure 5: Portfolio Composition in Examples 3,4 & 5

3
;]
(™ £ = (™
Cal Ll m Cal
o
— w —
— (7] — — (7]
E = E E =
5 ™) Fa T 5 ™ 5 ™) Fa T
iy - [ o -
\ \ i
/ 7 \ /
=
¥ o
=
/| Y » 4 /| Y
(<] o (<] o
= Iy = = o £
= = = =
T N 2 T T g -
= ra
. N
i
\ = [ ¥] .
£
ke
/ g \
[ =
@
o
) _
o [a2] (351 0
2 R z > 2 > g
5 _ 5 5 T
o @ [ o w
&
> S > >

(@) (b) ()

(@), (b), (c): Investments of funds f7, f2, f3 (left column) in security issuers iy, i, i3 (right
column) corresponding to Examples 3, 4, and 5, respectively. Different colors denote different
security issuers. Each arrow represents an investment of 1 by a fund in a security issuer.



Compared to examples 1 and 2 in the paper, we now consider examples with only funds
of the same size to show that our results are robust to controlling for fund size. In example 3, we
consider two exact funds that are fully diversified and one different fund that is concentrated.
In example 4, we consider the reverse case where the two exact funds are concentrated and a
different fund is fully diversified. Finally in example 5, all funds are different but two funds are

concentrated and one fund is fully diversified.

Example 3. In our third example, there are three funds of equal size and three issuers. As
in example 1, we have two funds (funds f; and f3) that invest one unit in each issuer. As a result,
the two funds are fully diversified and hold the exact same portfolios. Fund fi, in contrast,
invests one unit in issuer 7; and two units in issuer i». As a result, fund f; is different compared

to funds f> and f3; because fund f; is concentrated in issuer i, and has no exposure to issuer i3.

e Funds’ investment in three security issuers is given as:

i1 i I3
fi = 1 2 0
o= 1 1 1
s =1 1 1

This implies the weighted average fund distances:

Wgt.Avg.Distance n = (0.471,0.471,0.471)
Wgt.Avg.Distance Hho= (0.236,0.314,0.0)
Wgt.Avg.Distance = (0.236,0.314,0.0)

where the i-th column corresponds to security issuer i.

* And results in the average similarity measures:

S = (66.67,66.67,66.67)
St. (83.33,77.78,100.0)
(83.33,77.78,100.0)

2

Sf.

3

Example 4. We again consider three funds of same size, and three issuers. We now have

the alternative case where the two same funds (f> and f3) are concentrated, while the fund that

2



is different (f1) is fully diversified.

* Funds’ investment in three security issuers is given as:

i1 i 13

i =1
Ho= 1
fz =1

This implies the weighted average fund distances:

Wgt.Avg.Distance, = (0.471,0.471,9)
Wgt.Avg.Distance;, = (0.236,0.157,0.471)
Wgt.Avg.Distance n = (0.236,0.157,0.471)

where the i-th column corresponds to security issuer i.

e And results in the average similarity measures:

S = (66.67,66.67,9)
Sy, = (83.33,88.89,66.67)
S, = (83.33,88.89,66.67)

Comparing the similarity of funds in issuer 7; in examples 3 and 4, we find that for this
issuer receiving the same amount and composition of funding, the similarity of its funds does
not change whether the funds are concentrated or diversified. This is similar to the cases in

examples 1 and 2, with the difference that funds now have the same size.

Example 5. In this example with three funds of same size and three issuers, the two con-
centrated funds (f> and f3) are different and the diversified fund (f;) is also different from the

two concentrated funds.

e Funds’ investment in three security issuers is given as:



ip I i3
i =1
=1
fz =1

This implies the weighted average fund distances:

Wgt.Avg.Distance, = (0.471,0.471,0.471)
Wgt.Avg.Distance;, = (0.707,0.786,0.471)
Wgt.Avg.Distance, = (0.707,0.471,0.786)

where the i-th column corresponds to security issuer i.

e And results in the average similarity measures:

S = (66.67,66.67,66.67)
Sy, = (50.00,44.44,66.67)
Sy, = (50.00,66.67,44.44)

For issuer i1, we observe that the differentiation between funds f, and f; lowers the sim-
ilarity of the two funds, but has no effect on the similarity of fund fi. According to our first
hypothesis (H1), funds f, and f3 are now less likely to withdraw funding from issuer i;. On aver-
age, the similarity of funds investing is issuer 7; is lower, which strengthen the funding structure

of issuer 7, according to our second hypothesis (H2).



D.2 Robustness and Additional Analyses

In this section, we further address additional concerns about (i) the comparison between our
novel similarity measure and other measures of similarity previously employed in the literature,
(i) the effect of fund similarity on secured funding, and (iii) censoring and truncation of our de-
pendent variable AOutstanding. We show evidence that our Similaritys; measure outper-
forms other, more "conventional" measures of similarity in predicting future fund flows to an
issuer in Table SI-2 in the Appendix. Following the literature on asset commonality (Cai et al.,
2018b), we compute the similarity of a fund to all other funds in our sample (all U.S. MMFs).
This means that, instead of averaging fund similarity over funds investing in a particular issuer,
we do so across all other funds. We use both an unweighted and weighted average with weights
given by the fund size. We find that the unweighted average fund similarity to all funds is not
significant in explaining both the outflow probability and the percentage fund flows to an is-
suer. We find similar results for the weighted average fund similarity to all funds in Columns
(3) and (6), and show that only Similarityy; , significantly predicts fund flows to an issuer in

Columns (1) and (4) for the same sample.

We repeat our benchmark regressions for Outflow and AOutstanding separately for the
four different types of security contracts (certificates of deposit, financial commercial paper,
government agency repos, Treasury repos) in Table SI-3 in the Appendix. The table shows that
some issuers are able to substitute the loss of funding from unsecured contracts with funding
contracts that are secured with collateral. Indeed, it is plausible that investor similarity and
exposure to joint liquidation costs is less of a concern for secured funding. Issuers who have
the eligible collateral and access to secured funding markets can substitute the loss of funding

from similar investors in unsecured markets with repurchase agreements.

Finally, we study the censorship and truncation biases in the regressions on fund flows in
Table SI-4 in the Appendix. Our dependent variable AOutstanding is right- and left-censored
since fund flows can only take values in the [-100%,100%] range. The constraint requiring ob-
servations to lie in a specific range might induce a censorship bias when the "true" value of the
constrained observations is not known. In addition, our dependent variable AOutstanding is
truncated because, given the definition of the variable, we left out all the observations for which
funds have a zero exposure to an issuer at time ¢ or £ — 1. Such truncation can introduce a sam-
ple selection bias (truncation bias) when parameters are estimated by OLS. To study censorship

and truncation biases, we estimate the y parameter using a truncated regression and a censored



regression (Tobit model) in order to adjust for the misspecified distribution of the error term in
the OLS regression. We compare the estimated parameters with the OLS parameter in Table
SI-4, where all regressions include security controls but no fixed effects.'” For all regression
models, the estimates obtained for the y parameter are negative and significant at the 1% level,

implying that the biases will not qualitatively affect the interpretation of our results.

9Fixed effects are left out in the non-linear regression models to avoid a potential incidental parameter problem
(Greene, 2002).



D.3 Additional Tables

Table SI-1: Descriptive statistics: all securities

This table provides descriptive statistics describing U.S. MMFs, unsecured investments and repurchase agree-
ments. Panel A reports descriptive moments of variables at the issuer level. Panel B reports descriptive moments
at the security level (at the issuer-fund pair level) for the same variables on the sample of issuers who have access
to U.S. MMFs via at least three funds. Panel C reports average variables at the issuer level describing funds received
by issuers via U.S. MMFs on different sample splits. Panels A and C: Amount is the total principal amount invested
by U.S. MMFs in an issuer. AOutstanding;; is the percentage change in the amount invested by U.S. MMFs in
an issuer. Yield and maturity are, respectively, the weighted average yield and maturity of an issuer, where weights
are given by the relative volume of the fund investment in the issuer. Similarity;; is the average similarity of the
funds investing in an issuer. Panel B: Amount is the principal amount invested by one fund in an issuer via one
security type. AOutstandingy;; is the percentage change the amount invested by one fund in an issuer. Yield and
maturity are, respectively, the yield and maturity of the security. Similarityy;, is the similarity of a fund investing
in an issuer to the other funds investing in the same issuer. Crisis: 2011-06 - 2011-12. GIIPS: Greece, Ireland, Italy,

Portugal and Spain.
Panel A: Descriptive statistics at the issuer level (all securities)

Obs. Mean Std.Dev. Min. Max.
Amount (1’000 USD) 5839 7,897 14,456 0.00 281,874
Unsecured (%) 5,838 85.24 31.18 0.00 100.00
AOutstanding;; (pct change) 4,951  0.06  28.90 -99.23  99.85
Yield (bps) 5,839 0.24 0.16 0.00 6.00
Maturity (days) 5,839 52.54 63.28 0.00 395.00
Similarity;; (%) 5,669 85.99 10.95 28.64 100.00
# Funds per issuer 5,839 29.19 39.76 0.00 189.00
HHI 5,838 0.45 0.39 0.02 1.00
Issuers 308
of which, fin. institutions 213
of which, banks 161
of which, EU banks 40
of which, GIIPS banks 4




Panel B: Descriptive statistics at the fund-issuer level (all securities)

Obs Mean Std. Dew. Min Max

Amount (1’000 USD) 200,907 229 486 0.00 10,461
AQutstandingyi; (pct. change) 156,856 -0.25  31.57 -99.99 100.00
Yield (bps) 188,737 0.25 0.15 0.00 6.00
Maturity (days) 200,884 38.35 44.00 0.63 391.00
Similaritysi; (%) 196,159 87.34 7.54 27.18 100.00
Fund size 200,907 7,383 12,950 0.19 86,434
# Issuers per fund 200,907 23.32 10.98 1.00 55.00
Fund HHI 200,907  9.85 9.70 2.80 100.00
Fund*issuer*security 14,564

Funds 331

Issuers 148

Panel C: Descriptive statistics at the issuer level (all securities) - sample splits.

Amount %unsec. AOut;;, Yield Maturity Sim;; #Funds HHI Obs. Issuers

Before crisis 8,525 84.45 0.23 0.31 43.13 85.48 31.62 0.40 530 132
Crisis 8,290 84.07 -1.81 0.26  34.26 84.74 31.33 0.41 814 171
After crisis 7,752 85.55 0.37 0.23 56.96 86.29 28.52 0.47 4,495 278
Not a bank 2,401 93.04 -0.82 0.21 50.17 87.12 9.31 0.62 2,201 147
Bank 11,223 80.52 0.52 0.26 53.98 85.30 41.22 0.35 3,638 161
Non-EU bank 10,542 82.23 0.69 0.27 59.99 86.05 41.21 0.38 2,831 133
EU bank 14,588 72.36 -0.08 0.21 32.45 82.35 43.73 0.25 744 24
GIIPS bank 2,086 100.00 -0.82 0.35 38.26 86.14 12.00 0.44 63 4

Note: AOut;i; is AOutstanding;s; Sim;;is Similarity;;



€V €V €V €V €V €V SYIUON

70¢ ¥0¢ v0¢ 01¢ 01¢ 01¢ spung
67¥< 67¥¢ 67¥¢ GLS¢€ GLS¢ GLS¢ Jluoutr, SIanssy
6¥6CIT 676CII 676¢C11 7¥89¢1 7¥89¢1 ¥¥89€1 suoneArssqQ
€09 €09 Y19 €L'6l €L'61 LL°61 24 pasnlpy
1176 1176 ¢e’6 86°1¢ 86°1¢ 10°¢¢ o
A A A A A A 4 ‘SJoNu0d AI11INJag
A X A A A A H4 yauowt ‘punyg
A A A A A A Hd YIuour, Ianss|
(TS°1-) (§5°0-)
GL0°0- y—01%xG9" ‘¥~ spuny [[v 03 A)re[ruaig 93eIaAy pary3ap
(19°1-) (L¥°0-)
€80°0- y—0IX97'¥ spuny [V 0} AJLIe[Iuirs o3e1aAy
(Ge'L-) (LEP)
+4x006°0- +x+700°0 =11 aw s
9) (%)) ) (€ @ (1
1I3urpuvisinov 1S moyg f1n0

‘[9A9] YIUOW pUE I9NSSI ‘YIUOUL, pUNj

9} J& PaIaISNd SIOIIS PIEPUE)S U0 Pase( sonsnels-I, “A11mnoas Jo odA) a3 10§ $109JJ0 Pax( Se [[oM Se ‘T — 7 W) e f punj pue 7 I9NSST U9M)dq S}OBIIU0D
Surpuny jo po1A aSe1aae payydom oyl pue Aumieur 93e1aae paIySIom a3 dPN[OUI S109JJ0 PAXy puk S[ONU0D AJINIAS "SI0JJ9 Paxy YIUOW pUB ‘S}0JJd
Paxy punj ‘sonsLIaloeIeyDd punyj ‘(s199)J9 paxy YIUOULIINSSI) puewdp SUIpuny Jo [9A3] 9} 10J [01)UO0D SINSII UOISSaI3a1 pariodal ay], 9zZIs punj Aq UaAI3
s1ySom Yim ‘grduues a3 ur spunj 1910 e pue f punj uaamiaq Arreruuls aderoae payysom at) st spun, [[v 01 Aireqrualg a8eiaay paiysop -ordures
9} UI Spunj Iay1o [[e pue J punj usamiaq AJLIe[iuals adeiaae paiydomun Y3 sI spuny [y 031 AJIe[iuils a8eIoAy 7 W Je 7 I9NssSI ul UnSaAUl Spunj
18110 811 01 J puny Jo AJIreqruts ay) st *4A11.up1ui1g *3 9wn pue T — 7 SWI Usam)aq 1 1aNssI 0] f punj Jo amsodxa A1Inoas oy} ur ogueyd agejusdrad
oy SuipuvisinQy "9SIMISYIO 0I9Z 0} Tenba pue ‘7 dwin Je 7 INSSI UT SSI[ SISOAUT pUB T — 7 UIT) JB 1 I9NSSI Ul SUNISIAUT Sem [ punj e J1 auo o) fenba
d[qeLIeA 101BIIpUL UR ST MOYJN(O "I9NSSI Uk 03 3UIpunj 1940 [[01 0} UOISIIAP ,Spunj uo AJLIB[IWIIS PUNj JO SIINSEIW JUIISJIP JO 199JJ9 ) SMOYS d[qel STYL
A)LTR[IUIIS PUNJ JO SAINSBIW IO :A)LIR[[WIIS PUNJ PUE UOISIIAP IdA0[[01 puny :Z-IS [qeL



€V v €V 15474 v €V €V v SYIUON

0S¢ Gee 961 261 €L 2se 002 661 spung
868 8.6 1€6C 100C 696 €0l ¥60°c 260°C JIuoW, SIONSS]
GLT‘CT 65891 L08‘8Y 70979 A N1 ¥01'S2 26219 121'9L suonearssqQ
ey 20°S 688 122 9G°11 €921 ALY 1661 -4 paisnlpy
00°€T ANA! 8L¥1 o1 0Z°L1 0€°LT €€°6¢ 896°'1¢ A
X A X X A X A A 1 ‘S[onu0d AJ1moag
A A A A A A A A H4 ypuowt ‘punyj ‘s[onuod pung
X X A X X X X X H] YIUOUL, 1NSS]
#8'1) (92°0) (L2°G) (8L°L7) (15°2-) AR C4%7%) (9g'¢)
(8) (2) 9) (S 2 (€) @ (D
odoy £s11, odey1an dD "urg an odoyg 4s1,  odoygian dD 'urg an
1I3urpuvisinov "I moyp f1nO

‘[PA9] HUOW pUB IANSSI ‘YPUOUL,PUNJ 37} 18 PIIISN]D SIOLId PIBRPUER]S U0 PIseq SONSTLIS-T, ‘T — 1 own Je [ punj

PpUR 1 I9NSST U9aM]3( $10BIIU0D Juripunj Jo pa1h adeiaae paiydom pue Ayunjeur adeiaae pary3om o) apnjoul S|onuod A11moag ‘syusureaide aseyoindal
Amseai], a1e oday As.] ‘syuswaaide aseyoindal Aouale JuswiuIan0d are oday a9 ‘1aded [eDISWIWIOD [eIOUBUY a1 ) UL Y1S0dap JO S91BIYNIad dIe
@D "1 awn Je 1 19NssI ur SunsaAul spunj 19Y1o ay) 01 J puny jo Aireqruars oy st *4A11.un11ui1g *(s199]J9 PaxXy IUOUL,ISNSST) pUBWAP UIpuny Jo [oAs]
a1} 10J 3UIJoNU0D ‘SanNIINIAS Jo sadA) JUSISJIP 10} I19NsSI Uk 0) SUIPUNJ IAAO [[01 0) UOISIIAP SPUNj U0 ALIR[IWIS PUNJ JO 199JJ2 ) SMOYS d[qe) STYT,
sadA) A11N3s :AJLIe[IWIIS pUunj pue UOISIIAP IIA0[[0I puny :¢-IS d[qeL

10



Table SI-4: Fund rollover decision and fund similarity: truncated and censored regressions
This table reports the regression results from truncated and censored models. T-statistics based on robust standard

errors in parentheses.

AOQutstandingyi;

OLS Truncated ]-1,1] Censored [-1,1]
(1) (2) (3) 4) (5) (6)
Similarityfit_l -0.157%** -0.180*** -0.063*** -0.076*** -0.123%** -0.145%**
(-6.02) (-6.96) (-3.84) (-4.63) (-5.77) (-6.80)
Security controls Y N Y N Y N
Rz/Log-likelihood 1.23 0.04 -544,866 -545,405 -590,060 -590,915
Observations 120,891 120,891 113,723 113,723 120,891 120,891
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Panel B: Funding liquidity risk and share of funding from similar investors - sample splits

AOQOutstandingi; All issuers Bank issuers
e)) 2) 3) 4)
Similar share;;_ 0.037 0.025 -0.025 -0.023
(1.00) (0.84) (-0.83) (-0.71)
Similar share;;_1 * Bank; -0.025
(-0.52)
Similar share;;_1 « Bank; * Crisis; -0.060 -0.010
(-0.90) (-0.15)
Similar share;;_1 * EUbank; 0.114* 0.129*
(1.69) (1.92)
Similar sharej;_1 * EUbank; * Crisis; -0.230%**
(-3.04)
Issuer, time FE, issuer and security controls Y Y Y Y
R? 7.67 6.26 6.38 7.31
Adjusted R? 1.47 0.12 0.25 1.17
Observations 4,536 2,979 2,979 2,979
Issuers 237 135 135 135
Months 43 43 43 43
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