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Abstract

Efficiency is a central tenet of classical finance theory, grounded in the assumption that

agents act to eliminate profit opportunities. Real-world markets often deviate from these

idealized predictions due to frictions. My dissertation examines such frictions from both

corporate and investor perspectives, focusing on their origins, deviations from theoretical

benchmarks, and broader impact on financial markets.

My first paper explores how information-free demand shocks affect stock prices. Under

the efficient market hypothesis, stock prices reflect expected future cash flows discounted

for systematic risk, implying nearly flat demand curves—meaning that non-informational

demand shocks should not move prices. Yet, demonstrating this empirically requires

isolating truly information-free shocks.

One prominent setting is the "index effect," where stocks added to or removed from

major indices exhibit abnormal returns. If these changes contain no new fundamental

information, they challenge the idea of flat demand curves and thus the efficient market

hypothesis. However, as the magnitude of the index effect has declined over time despite

growing passive investing flows, scholars have debated whether this reflects declining in-

efficiencies or information in index reconstitutions.

To address this, I propose a novel identification approach that shifts focus from the

firms added or removed during reconstitution to those index members not directly involved

in these events. Since the sizes of added and deleted firms generally differ, the portfolio

weights of incumbent firms must adjust to keep the total at 100%, requiring that passive
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index trackers alter their demand for incumbent stocks without any new information

about them. Consequently, any abnormal returns on these stocks around reconstitution

can be linked solely to passive demand shifts. By studying these information-free demand

shifts on incumbents’ prices, I can estimate what the abnormal returns would be for added

and deleted stocks in the absence of an informational component. Comparing the realized

abnormal returns on additions and deletions with these counterfactual scenarios enables

me to isolate the role of information.

By estimating counterfactual abnormal returns for added and deleted stocks based

on incumbent behavior, I isolate the informational component of the index effect. I find

that post-2000, the index effect is largely driven by passive demand, with information

playing a minor role. Specifically: (i) a simple demand-based counterfactual—accounting

for time-varying elasticities—can replicate the average effect size and its decline over time;

and (ii) the declining effect stems from increasingly flatter demand curves, not improved

information efficiency. In contrast, pre-2000 effects were too large to be explained by

passive demand alone, suggesting a stronger role for information in earlier periods.

My second paper, coauthored with Stefano Rossi and Lorenzo Bretscher, investigates

how legal environments shape firms’ financing strategies and creditors’ responses. Using

newly combined datasets, we reconstruct the debt structure of 10,136 firms across 51

countries. We find that debt ownership is most concentrated in civil law countries and

most dispersed in common law countries.

In strong investor protection environments, firms borrow through both dispersed unse-

cured debt and concentrated secured bank lending. Where investor protection is weaker,

firms respond by borrowing shorter-term and in USD-denominated debt. These patterns

are most pronounced among small and medium-sized firms, while large firms tend to

attract dispersed debt from international investors—effectively circumventing local insti-

tutional constraints. Our work illustrates how legal environments influence firm behav-

ior and how creditors strategically structure ownership to manage the trade-off between
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strategic default and inefficient liquidation.
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Chapter 1

The Flattening Demand Curves

Abstract

Abnormal returns for stocks added to or removed from the S&P 500 index (known

as index effect) have been declining, despite a sharp rise in demand shifts of pas-

sive funds. I explore (i) whether these abnormal returns during index reconstitu-

tions stem from passive demand shifts or information content, and (ii) why they

have decreased over time. My study isolates pure demand-based price impact using

a novel identification strategy that analyzes incumbent stocks–index constituents

whose portfolio weights adjust due to the differing sizes of added and deleted firms.

I find that (i) the index effect was primarily driven by information prior to 2000

while passive demand became predominant thereafter, and (ii) the declining index

effect is a direct result of the flattening of stocks’ demand curves in the context of

index reconstitutions, independent of the informativeness of the index committee’s

decisions. This flattening is associated with decreased arbitrage risk and enhanced

cross-stock substitution.

Keywords: Index Effect, Elasticity of Demand, Market Efficiency, Index Reconsti-

tution, Index Funds, Arbitrage Risk.
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6 The Flattening Demand Curves

1.1 Introduction

The literature has documented the existence of an index effect, that is, index reconstitu-

tions are associated with abnormal returns experienced by stocks added to or removed

from a major equity index (Shleifer, 1986; Harris and Gurel, 1986; Pavlova and Siko-

rskaya, 2022). If additions and deletions do not convey any fundamental information, the

index effect challenges the efficient market hypothesis, according to which stocks’ demand

curves should be flat (Petajisto, 2009). Consequently, the literature has inferred that

either index changes convey information (Denis et al., 2003; Chen et al., 2004; Cai, 2007)

or that market efficiency is compromised, leading to downward-sloping demand curves for

stocks (Shleifer, 1986; Harris and Gurel, 1986). This latter option has become increasingly

controversial in the last two decades; despite the significant growth of passive investing,

there has been a secular decline in the magnitude of the index effect in recent decades

(Greenwood and Sammon, 2024). In an economy with a downward-sloping demand curve,

one would expect larger price reactions if demand shocks were increasing in magnitude.

Using a novel identification strategy, this study revisits the index effect literature for S&P

500 in search of the origin of observed abnormal returns, their determinants, and the rea-

sons for their decreasing trend using a sample of index portfolio from 1990 to 2021. My

findings show that demand is the primary driver of index effect for S&P 500 post-2000,

and the declining index effect is a direct result of the flattening of stocks’ demand curves,

which is related to decreased risk of arbitrage.

In the existing literature, the demand-based explanation of the index effect attributes

abnormal returns to the inelastic demand of passive index followers who must buy added

firms and sell deleted firms regardless of their prices. Conversely, the information-based

explanation posits that index events convey new information to the market, which in turn

moves the prices. The S&P 500 index is an ideal candidate to disentangle demand- versus

information-based price adjustments because its composition changes are not rule-based
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and even do not follow a fixed schedule. In the case of S&P family of indices the index

committee, composed of financial experts with first-hand information, makes all decisions,

thereby rendering their determinations indicative of relevant underlying information in

the eyes of the market1. Thus, investors might conclude that index decisions convey

information. This cannot be said about other indices that are rule-based and, in a way,

mechanical. This is also why most of the evidence in the literature related to any form of

information revolves around the S&P family.

To assess the relative explanatory power of demand- and information-based theories

in explaining the index effect, I propose a novel identification that shifts the focus from

the added and deleted firms to other index members that were not actively involved

in the reconstitution events. These firms are referred to as index incumbents, as they

were index constituents both before and after the reconstitution event. Since the size

of added firms typically differs from that of deleted firms, the portfolio weight of the

incumbent firms must change as well. This is purely mechanical so that the sum of all

weights remains equal to 100%. Most importantly, passive index trackers must adjust their

demand of incumbent stocks even though no additional information has been conveyed

about them. Therefore, any abnormal return on these stocks around the reconstitution

can be associated with passive demand shifts. Studying the effect of such information-free

demand shifts on incumbents’ prices enables me to predict what would be the abnormal

returns for the added and deleted stocks if there was no informational component in the

index effect. By comparing realized abnormal returns observed on additions and deletions

with the counterfactual demand-driven scenarios of my model I can disentangle the role

of information. I describe my findings below.

1Different stock market indices use varying methods and criteria to select and weigh their constituent
stocks. Some indices, like the FTSE and NASDAQ, are fully transparent and rule-based, making it
relatively manageable to predict which stocks will be included or excluded (Danbolt et al., 2018). However,
other indices like the Russell and CRSP are also rule-based and transparent, but their changes are not
entirely predictable (Chang et al., 2014; Heath et al., 2020). Finally, there are indices like the S&P family,
whose inclusion or exclusion of stocks is decided by a committee and is entirely subjective, lacking even
a fixed calendar.
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First, In the post-2000 period, my findings show that passive demand is the main driver

of the index effect and that information has a negligible role. I show: (i) a simple demand-

based counterfactual exhibiting time-varying elasticities estimated on index incumbents

can reproduce the entire average effect size on additions and deletions and their pattern

over time, and (ii) the decreasing pattern of index effect is due to the flattening of stocks’

demand curves in the context of index reconstitutions, which extends beyond and is

unrelated to index decisions informativeness. In the pre-2000 era, however, I show that

the index effect was too large to be reasonably attributed only to the demand shifts of

index funds given their small size relative to firms’ market capitalization, and there was

indeed a primary information-based component in the index effect.

Second, I have a methodological contribution related to my novel identification strat-

egy to disentangle the price effects due to a pure demand shift from those caused by

informative news. Previous studies focused on the price impact of additions and deletions

which, by their nature, embody both demand- and information-based effects. By shifting

the focus toward incumbents, I can focus on information-free price changes. More specif-

ically, I derive a new measure that captures the aggregate inelastic demand shift of all

passive index trackers. I denote it as Mechanical Rebalancing Flow (MRF). We can think

of the MRF as the amount of money pumped into or withdrawn from stocks via passive

funds purely due to the adjustment in index composition relative to the stock’s market

capitalization.

Third, I highlight that MRF is a valid instrument for demand shifts, because it is

positively associated with the price reaction, volume of trades, and volatility of prices

around the index reconstitutions. The correlation between returns and demand shifts,

however, start decreasing after 2000, implying that while the demand curves for stocks

generally slope downward, they have significantly flattened in recent decades. This critical

finding of the paper is key to addressing the puzzling phenomenon of the shrinking index

effect magnitude despite the surge in passive investing, and hence, the size of underlying
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demand shifts.

I show that in my sample, holding all other factors constant, a demand shock equiva-

lent to one percent of the total shares outstanding generates a price movement of roughly

40 basis points, implying a micro elasticity of index funds’ demand shifts in the order of

-2.5, which is in line with recent empirical studies (among others, Pavlova and Sikorskaya

(2022)), but implies far less elastic demand curves than those described in theoretical

studies relying on the efficient market hypothesis (for instance, Petajisto (2009))2. How-

ever, the important finding of the current study is not to assert that we are on average

far from the benchmark efficiency-which wouldn’t be the first time in the literature-but

instead to provide insights into how far we were, how it evolved over time, and where we

are now. In theory, we think of arbitrageurs as the bright rational agents in the market

responsible for restoring efficiency. In this context, however, I show that the evolution

pattern is not supporting a monotonic story of improved efficiency in financial markets.

Instead, I demonstrate that approaching the efficient benchmark only started around

the turn of the century, possibly when the inefficiency became large enough to attract

sufficient arbitrage capital towards it.

Fourth, related to the discussion above, I focus on arbitrage activity as the channel

moderating the effect of demand shifts on prices. Following Wurgler and Zhuravskaya

(2002), I measure risk of arbitrage as the variance of residuals of regressing one stock’s

excess return on that of a group of suitable substitutes. When the residuals are sizable

(small), the stock taken in consideration can (cannot) be easily substituted by other

stocks, that is, it has (does not have) close substitutes. I show that (i) prices of stocks

with close substitutes are less sensitive to demand shifts, and (ii) close substitutes have

increased over my sample. Equivalently, the flattening of the aggregate demand curves for

stocks is associated with reduced arbitrage risk of stocks. In addition, I document that

2See Wurgler and Zhuravskaya (2002) for a relatively older review of elasticity estimates and Gabaix
and Koijen (2022) for a review of the most recent estimates. See also Li and Lin (2022) for a discussion
linking the theory predictions to empirical estimates.
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both arbitrage risk and price impact multiplier have an important cyclical component

related to the overall capability of the market to provide liquidity. Looking at deviation

from trend, we can state that both figures spike during episodes of financial distress such

as the 2008 financial crises and the COVID-19 pandemic. Related literature and further

contributions of my study are discussed in what follows.

Related literature. This paper naturally relates to the vast literature on index effect.

The closest empirical works to this research are Pavlova and Sikorskaya (2022), and

Greenwood and Sammon (2024). Pavlova and Sikorskaya (2022) investigates the effects

of stock membership in multiple indices on funds’ demand, prices, and expected returns

using an extensive group of US equity indices, with an additional emphasis on the role of

active funds in these effects. My study differs in several dimensions. First, the exogenous

source of variation in their study is stocks switching between Russell 1000 and Russell

2000, which is a rule-based index. Such rule-based switches leave no room for information-

based explanations, and all their effects are correctly attributed to demand shifts in their

study. As a result, they do not mention the role of information-based explanations,

which are relevant for subjective indices such as the S&P 500 and is a contribution of

the current study. Second, I establish that also in the case of S&P 500 as a subjective

index, in the post-2000 era the average magnitude of index effect can be almost entirely

explained by a demand-based model featuring time-varying price impact sensitivity; no

other information-based explanation needed. Lastly, I link the flattening of demand curves

to the risk of arbitrage activity through cross-stock substitution.

In a contemporaneous contribution, Greenwood and Sammon (2024) explores four rea-

sons behind the decreasing magnitude of the index effect for S&P 500 and concludes that

the decline is akin to other anomalies that tend to diminish once they become well-known.

My study complements the picture in several dimensions. First, in their study, they do

not account for the information conveyed through S&P 500 additions and deletions, which
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has been documented directly for the pre-2000 period (Cai, 2007; Denis et al., 2003) and

is reconfirmed indirectly in this study as the residual of the total effect minus what can

be reasonably attributed to mechanical demand shifts. The vanishing informativeness of

index changes, is part of the reason for the disappearance of index effect. Second, the most

promising explanation in their study is improved liquidity provision in the market, which

is, in essence, not so different from the improved efficiency in my study. Liquidity and

efficiency are two sides of the same coin. Yet, their evidence is mostly suggestive, such as

increased dedicated trading desks for index trading in large institutions and little change

in the overall institutional holdings of additions and deletions pre- and post-events. This

study complements the picture they started drawing by introducing an identification that

proves the market has become more efficient in the context of index reconstitutions, and

this is made possible by studying incumbents rather than additions and deletions, for

which we had not yet rejected the informational changes.

The literature on the index effect offers various theories to explain the size, perma-

nency, and symmetry of the effect for additions and deletions. See Afego (2017) for an

extensive review of this literature. Demand-based theories attribute the index effect to

the large and inelastic demand from passive index trackers (see, among others, Shleifer

1986; Harris and Gurel 1986; Mase 2007; Beneish and Whaley 1996; Lynch and Menden-

hall 1997; Kaul et al. 2000; Wurgler and Zhuravskaya 2002; Chang et al. 2014; Fernandes

and Mergulhão 2016; Danbolt et al. 2018; Pavlova and Sikorskaya 2022).

Information-based theories propose that index reconstitutions somehow change the

market expectation of the involved stock and thereby communicate new information about

firms’ prospects. Denis et al. (2003) examines the informational content of S&P 500

additions by investigating analysts’ earnings forecast revisions around the index event and

comparing post-inclusion realized earnings to pre-inclusion forecasts. They find that even

stock analysts take information from index additions and exhaustively revise upward their

initial earnings forecasts, and such revisions indeed improve their forecasts. Cai (2007)
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examines the information content of S&P 500 index changes by looking at the price

and volume reaction of industry- and size-matched firms. He finds that the information

content of index additions is so large that it even spills over to the industry-matched firms.

Both studies use pre-2000 data and suggest that index reconstitutions convey information.

Contrary to theirs, my analysis shows that S&P 500 additions and deletions no longer seem

to convey information in the recent era. However, for the sample period they used, I can

also verify the existence of such effects indirectly by studying the difference between actual

and counterfactual information-free index effects. Furthermore, I directly replicate part

of the study in Cai (2007) and show that the mechanical demand shift effects documented

here are independent of their information effect.

The investor attention hypothesis suggests that heightened visibility spurs improved

management performance (Denis et al., 2003). However, in a recent study, Bennett et al.

(2023) demonstrates that the greater public scrutiny could also hurt a firm’s performance.

They show that elevated attention after index inclusion is often associated with declining

post-inclusion performance. My study confirms their results and it expands their analysis

to index deletions. I find that performance also improves for discretionary deletions, that

are, deletions chosen by the index committee, as opposed to those that will be delisted

soon after removal.

The information-based framework also features an awareness hypothesis, which posits

that the inclusion of a firm in an index enhances investors’ awareness of its existence.

The investor awareness hypothesis justifies asymmetric effects observed on additions and

deletions in their size and permanency. As Chen et al. (2004) puts it, “while more investors

become aware of stocks added to the index, the number of investors aware of deleted stocks

may not actually fall because it may be difficult for investors to become ‘unaware’ of those

stocks.” The finding in this study is motivated by the observation that the abnormal

returns for deletions revert very soon in their sample. Similar to Chen et al. (2004), my

findings reveal that the average cumulative abnormal return for additions stabilizes at a
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positive level after the event. Furthermore, I show that the reversion doesn’t happen so

fast for the discretionary deletions when they are distinguished from forced deletions, in

which I define forced deletions as those which are entirely delisted from their exchange

within two week from the index removal.

Last group of information-based explanations are related to liquidity. The liquidity

hypothesis posits that increased analyst attention towards newly added firms enhances

information production, diminishes information asymmetry, and ultimately boosts liquid-

ity. This improved liquidity leads to lower required returns and higher prices for the newly

added stocks (Amihud and Mendelson, 1986; Chen et al., 2004). Regarding the supply

side of liquidity dynamics during index reconstitutions, Sikorskaya (2023) illustrates that

the pricing impact of demand shifts can be moderated for stocks with limited availabil-

ity of shares for short-selling. In light of the findings by Sikorskaya (2023), it is now

challenging to classify liquidity effects solely among information-based explanations, as

previously suggested in Afego (2017), since they also moderate the demand effect. How-

ever, this distinction does not alter the core conclusion of this paper, which asserts that

a combination of factors unrelated to demand shifts influenced the S&P 500 index effect

prior to 2000, a phenomenon that is no longer observed afterward. Whether the lending

supply is classified as information-based or demand-based does not affect this conclusion.

This paper is also related to the literature on limits of arbitrage (see, among others,

Shleifer and Vishny 1997; Wurgler and Zhuravskaya 2002; Greenwood 2005; Gromb and

Vayanos 2010). Arbitrageurs in this context are rational agents who exploit mispricing

opportunities until they diminish, accounting for the costs, constraints, and risks they

encounter. Of particular relevance is Wurgler and Zhuravskaya (2002), who demonstrates

that substitutability explains the cross-sectional price impact of demand shifts. In a con-

temporaneous study focusing on salient characteristics of corporate bonds such as rating

and maturity, Chaudhary et al. (2022) also emphasize the significance of substitution

in accurately determining cross- and self-elasticities of assets’ demand. To the best of
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the author’s knowledge, this study is the first to analyze the time trend of arbitrage

risk for stocks, the emerging aggregate substitution patterns, and their connection to the

evolution of demand elasticity over time.

There is also a vibrant literature on demand-system asset pricing that integrates

downward-sloping demand curves for stocks into asset pricing and macro-finance mod-

els (see Koijen and Yogo 2019; Koijen et al. 2023; Gabaix and Koijen 2022; Gabaix et al.

2023). Koijen and Yogo (2019) link investors’ preferences for various asset characteristics

to the elasticity of demand for those assets and observe a decreasing trend in aggregate

price impact multiplier over time similar to the one in this study, but slower in pace. In

contrast, Haddad et al. (2021) find that the recent rise of passive benchmarks in recent

years led to substantially more inelastic aggregate demand curves for individual stocks

compared to the counterfactual scenario with perfect competition. Fuchs et al. (2023)

discusses the theoretical implications of heterogeneity in asset-specific substitution and

demand complementarities. This study contributes to this literature by documenting: (i)

the heterogeneity among stocks in terms of substitutability, (ii) the primary role of sub-

stitutability in determining stocks’ elasticity, and (iii) for the sample of large-cap stocks

examined here, the diminishing price impact of S&P 500 index funds’ demand shifts on

all index firms over time.

To fully grasp the contribution of this paper in the shadow of existing literature, one

must recognize that arbitrage is a contextual action. For the arbitrageur to perform their

role–feeding the demand shifts and preventing large price impacts of those demand shifts

and hence, reducing or eliminating mispricing–they must know why there is a demand shift

and must be aware that it is unrelated to news or fundamentals. This study demonstrates

that the ease of arbitrage due to improved substitution has enabled arbitrageurs to be

well-prepared for the demand shifts generated by index funds, both in the context of

additions and deletions, as well as during residual rebalancing of index incumbents. This,

in turn, has reduced the sensitivity of prices to demand shifts-in other words, flattened
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the demand curves. However, it does not claim that the same flattening has occurred

across the entire body of stocks or in all contexts. For example, in the case of mutual

fund fire sales, when arbitrageurs, like everyone else, do not know why there is selling

pressure, the price impact is large, but it eventually reverts when the market learns about

the fund experiencing a fire sale (Honkanen and Schmidt, 2022).

The paper proceeds as follows. Section 2 sheds light on the demand shift measure con-

struction and presents the theoretical framework, identification strategy, and hypotheses.

Section 3 describes the data. Section 4 presents the empirical results, and the last section

concludes.

1.2 Theoretical Framework and Identification

The first part of this section employs the weighing scheme utilized by S&P 500 to quantify

the demand shifts that arise from the mechanical portfolio rebalancing of index funds.

The second part outlines the identification strategy and formalizes the hypotheses to test.

1.2.1 Theoretical Framework

The weight of an index constituent j in S&P 500 portfolio at the closing of the trading

day t is calculated as

wj
t = P j

t S
j
t IWF j

t∑N
i=1 P

i
tS

i
tIWF i

t

, (1.1)

where, P j
t is the stock price, Sj

t is the total shares outstanding, and IWF j
t is the Investable

Weight Factor3, all measured at the close of markets. N is the number of constituents

in the index, typically 500 for S&P 500. IWF is the measure of float adjustment, which
3IWF of a stock is simply the ratio of floating shares to total outstanding shares. For instance, an

IWF of 0.8 for stock j indicates that 80 % of total shares outstanding of that stock are freely tradable
and available to the marketplace, and the rest 20% are held by strategic investors that are not expected
to liquidate their position any soon. IWF ’s are crucial data used in determining constituents’ weights.
They are the key missing point preventing investors without S&P data subscription from replicating the
index even if they have the list of included stocks.
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is an attempt to enhance the investibility of the index by excluding shares of strategic

shareholders in calculating firms’ market capitalization4.

Index level5 is calculated as

Indt =
∑N

i=1 P
i
tS

i
tIWF i

t

Divisort

, (1.2)

in which the denominator is the index divisor at the close of day t. The index divisor serves

two purposes: first, dividing the free-float market value of the index by this factor does a

scaling that helps market participants to work with a more easily handled number (e.g.,

2000) rather than dealing with ten or more digits when reported in dollars. Second, and

more crucial to this research, it is used as a level corrector to maintain the continuity of the

index level following the implementation of corporate decisions, index reconstitutions, or

other non-market-driven actions. Hence, the index divisor serves as the channel through

which the difference in weight of added and deleted stocks affects the weights of other

constituents in the index, ensuring that the sum of weights remains equal to 100%.

Equation (1.2) yields ∑N
i=1 P

i
tS

i
tIWF i

t = Indt ∗Divisort, which enables us to rewrite

equation (1.1) as

wj
t = P j

t S
j
t IWF j

t

Indt ∗Divisort

. (1.3)

Therefore, the ratio of the weights of an index constituent j in the closing of two consec-

utive trading days would be

wj
t+1

wj
t

= Rj
t+1

RInd
t+1
∗ S

j
t+1

Sj
t

∗ IWF j
t+1

IWF j
t

∗ Divisort

Divisort+1
, (1.4)

4The list of shareholders that S&P deems strategic goes long. The most important ones are con-
trol groups, seat-holders, publicly traded companies, and government agencies. For an extensive list,
please consult S&P Float Adjustment Methodology document at the S&P Dow Jones Indices web page
https://www.spglobal.com/spdji/en/documents/index-policies/methodology-sp-float-adjustment.pdf

5In this paper, the term "index level" consistently pertains to the S&P 500 price index level, the same
metric that is primarily used in news and statistical reporting. The S&P 500 total and net return indices
are derived from the price index, incorporating necessary adjustments related to dividends and taxes.

https://www.spglobal.com/spdji/en/documents/index-policies/methodology-sp-float-adjustment.pdf?force_download=true
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where Rj
t and RInd

t are respectively the gross returns of the stock j and the S&P 500 price

index in day t. The decomposition in Equation (1.4) shows that any change in the weight

of a stock from one day to the next comes from one or some of these four ratios.

The first ratio in Equation (1.4) represents the stock price growth relative to the

index. It is important to note that for an ideal index fund that closely replicates the index

portfolio, changes in this component of weight do not necessitate portfolio rebalancing6.

In other words, if there are no shocks affects the portfolio composition and only price

movements occur, the value-weighted portfolio will remain correctly value-weighted.

In contrast to the first ratio, index funds must rebalance their portfolios if any of the

remaining three ratios in Equation 1.4 is not equal to one. Although daily changes in

index divisor are widespread, the amount of weight change that firms incur only because

of the modification in the index divisor is free of information about each specific firm.

Even the changes on the IWF and outstanding shares do not contain new information

about stocks since index maintenance requires a holding period before implementing the

changes on their calculations7. Except for rare cases, these numbers are often revised

during annual or quarterly rebalancings.

Aiming to find a measure of fund flows implied by the index funds’ mechanical rebal-

ancings, I define the surprises to the weights of index incumbents that require rebalancing

for index followers as ∆wj
t+1 that is calculated as follows:

∆wj
t+1 = wj

t ∗
Sj

t+1

Sj
t

∗ IWF j
t+1

IWF j
t

∗ Divisort

Divisort+1
− wj

t . (1.5)

6For instance, assume the index return is zero in a day t (RInd
t = 1) and some stock j has a return

of 1% on that day (Rj
t = 1.01). Also, assume the other three ratios are equal to one, which means there

is no stock repurchase or equity issue for this stock, no change in the number of floating stocks, and no
change in the index divisor on that day. Suppose the index fund already had the right number of shares
at the previous day’s closing (i.e., proportional to the weight of this stock in the index at the close of
the market). In that case, it will automatically have the correct number of shares at the closing of day t,
which is, in fact, the same number of shares! However, this number of shares results in 1% more weight
in the index today than the previous day, precisely as it should. I assumed this fund had no net inflows
or outflows on this day.

7For this reason, I also use SPDJI data as reference for the number of shares outstanding in the
calculation of weight surprises.
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Intuitively, ∆wj
t+1, is the weight of stock j in the index portfolio one moment after the

implementation and one moment before it, both of which are out of the trading session8.

In the empirical analysis, I drop a few observations that went through stock splits or issued

stock dividends on the event days, as these are corporate action with separate effects of

prices and number of shares with no overall effect on market capitalization. Section A.1

in the Appendix explains the dynamics of the weight shifts with a simple example.

I define the measure of fund flows implied by mechanical (information-free) rebalancing

as follows:

MRF j
t+1 = At+1∆wj

t+1

Sj
tP

j
t

, (1.6)

in which MRF stands for Mechanical Rebalancing Flow, and At+1 = ∑
AF

t+1 is the total

amount of dollars invested in passive funds that are benchmarked against S&P 500 in the

opening of the day t+ 1. MRF measures the surprises in the inelastic demand of an ideal

index fund, similar to the measure constructed and used in Pandolfi and Williams (2019)

for a weight-capped bond market index. Here, instead of the cap on the constituents’

weights, MRF is built upon the weight spillovers on index incumbents through the index

divisor changes. MRF also has similarities with the measure of benchmarking intensity

in Pavlova and Sikorskaya (2022) and can be motivated by a theory like theirs.

To put it simply, MRF j
t captures the amount of money that will flow into or out of

an stock j at day t, relative to its market value in the previous trading day, as a result

of mechanical rebalancing of index followers regardless of the stock’s individual charac-

teristics or fundamentals. Based on this intuitive definition, I can extend the definition

of MRF to additions and deletions, in which case I will use w of the added stock or −w

of the deleted stock instead of ∆w in the MRF formula. Note that, for example, for

an addition in day t, ∆w reduces to w simply because that stock had zero weight in the

index portfolio on the previous day.
8Implementation of stock changes happen after the close of trading on the day prior to effective day

so that on the effective day when the market opens, the added stock is already in the index portfolio and
the removed one is no longer in it.
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1.2.2 Identification and Hypotheses

The identification assumption in pinning down the causal effect of demand in this paper

hinges on the fact that a stock, witnessing an exogenous increase (decrease) in its weight

by an amount ∆wj
t , and a stock newly added to (removed from) the index on day t with

a weight of wi
t = ∆wj

t , will undergo a similar demand shock emanating from index funds,

commensurate with their respective market capitalizations. Consequently, any differences

in the abnormal returns observed for these stocks must be attributed to factors unrelated

to the mechanical demand shifts of index funds. Following the classification in Afego

(2017), I refer to these factors collectively as the informational components of the index

effect.

The central hypothesis focuses on testing the effect ofMRF as a measure of information-

free demand shifts on prices and other variables of interest. Formally, I will run the

following regression in time-invariant settings:

yjt = βMRF j
t + φXjt + θt + θj + εjt, (1.7)

where yjt is the dependent variable, θt and θj are fixed effect dummies, and Xjt repre-

sents other control variables. Notably, β will quantify the causal effect of non-fundamental

demand shifts on the outcome variables. To study the temporal evolution of effects, I will

employ the model with time-varying sensitivity, estimating the conditional model by re-

placing β with βt in the equation as follows:

yjt = βtMRF j
t + φXjt + θt + θj + εjt, (1.8)

where βt = ∑
p βp1(period = p). This approach enables me to estimate different

coefficients for different periods by dividing the sample period into multiple intervals.

For the price impact regressions, I use two-year non-overlapping periods,9 while for other
9I also attempt to use yearly dummy variables. The results exhibit a similar overall pattern but are
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results, I utilize decades or simply pre- and post-2000 periods, as these are sufficient for

interpretation.

1.3 Data

The index composition changes are sourced from Siblis Research. The primary dataset

for this study consists of the list of S&P 500 constituents and their daily weights in

the index. For the post-2000 period, I obtain this data directly from S&P Dow Jones

Indices-SPDJI. For the pre-2000 period, I manually construct the daily portfolios based

on the portfolio changes in Siblis Research data and the first available direct observation

from SPDJI10. Daily stock data and quarterly fundamentals are retrieved from CRSP and

Compustat. Risk-free returns and market returns are sourced from Kenneth R. French’s

website11. Data on index funds, including their prospectus benchmarks and assets under

management, are from Morningstar. The sample period spans from January 1990 to June

2021, based on the availability of daily index constituents’ data from SPDJI12. All return

and turnover variables from CRSP that are winsorized at the 0.5% level at both tails.

The final sample contains 745 additions and 740 deletions which occurred in 629

distinct effective dates that were later used to make the sample of index incumbents. I

noisier, as some years, such as 2003, have significantly fewer events than others. Employing two-year
periods smooths out these idiosyncrasies. Additionally, using three-year dummy variables yields results
comparable to those from the two-year approach.

10This approximation of portfolio weights is particularly appropriate given that S&P transitioned to
using the floating number of shares and employed investable weight factors (IWFs) only in 2005. This
implies that all IWFs prior to 2000 are equal to one. In calculating the MRF for the pre-2000 period, the
only unknown is the number of shares utilized by S&P, which may slightly differ from the values in CRSP.
To minimize measurement error, I assume that the ratios of shares outstanding on the effective date and
the day prior to it are always equal to one, as I only require the ratio and not the individual actual values.
I also attempted to use the CRSP number of shares; however, in Equation 1.5, the changes in the divisor
are small, making the measurement error in changes of shares outstanding too large to reasonably detect
the effect. Additionally, I verified this in the post-2000 period, where I can compare the number of shares
in SPDJI data and CRSP. It is evident that there are many small changes in the CRSP number of shares
that S&P does not necessarily accommodate, possibly to avoid unnecessary weight adjustments.

11www.mba.tuck.dartmouth.edu/pages/faculty/ken.french/index.html
12Start of the sample period is chosen so because before 1990 S&P was not announcing the portfolio

changes in advance.

http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/index.html
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further divide the index events into forced and discretionary based on the trading status of

the deleted firm after the event. Forced index events are those in which the index deletion

was delisted entirely from the exchange within two weeks13 from the deletion effective date.

Regardless of why these stocks were delisted, the index committee had to drop them from

the index simply because they wouldn’t be trading anymore. The discretionary deletions

are those that were not forced. In other words, the index committee chose to remove

discretionary deletions, even though they continued trading.

Table 1.1 presents the summary description of the data, highlighting three relevant

facts. First, regarding average market capitalization, index additions are almost twice

larger than discretionary index deletions but smaller than forced index deletions. This

discrepancy in size and hence portfolio weights is the exogenous source of variation which

allows pinning down the causal effect of demand shifts on prices of index incumbents.

Second, index additions exhibit a smaller bid-ask spread, while their turnover is compa-

rable to that of deletions. Third, additions have lower market betas and are less volatile

than discretionary deletions but this reverts when compared to forced deletions. Overall,

it seems like additions are larger, less risky (both in terms of beta and range), and more

liquid (smaller bid-ask spread) in comparison to discretionary deletions. Furthermore, the

distance between announcement day and effective day for both additions and deletions is

highly concentrated around five trading days. For index incumbents, on each reconstitu-

tion day, I take the maximum of this distance between all additions and deletions on that

day.

Data on index funds were obtained from Morningstar. From the universe of passive

funds, I collected data for those tagged as index funds (including both open-end funds

and ETFs) that designated the S&P 500 as their primary prospectus benchmark. I also

excluded a few fund-of-funds (typically international index funds that achieve this by

13I verify that the choice of the period does not have any meaningful effect on the results. From all
the deletions that were delisted within three months of the effective date, more than 89% were already
delisted one day after the effective day.
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Table 1.1: Summary Statistics

Variable Mean SD p25 p50 p75 N
Index Incumbents

Market Cap (B$) 23.99 52.41 4.44 9.76 21.96 308753
WeightEff (%) 0.20 0.35 0.05 0.09 0.19 308753
MRF (*104) -2.52 10.06 -2.42 -0.17 0.02 308753
βCAP M 0.99 0.45 0.70 0.94 1.22 308753
IWF 0.98 0.07 1.00 1.00 1.00 308753
AvgTOM(%) 0.83 0.88 0.35 0.59 1.00 308753
AvgBidAskM(%) 0.48 0.72 0.03 0.10 0.74 289022
AvgRangeM(%) 2.86 1.84 1.77 2.36 3.32 308753
Ann to Eff (days) 5.40 4.72 3.00 5.00 6.00 308753

Index Additions
Market Cap (B$) 11.92 25.77 5.09 7.94 12.48 745
WeightEff (%) 0.10 0.13 0.05 0.07 0.10 744
MRF (*104) 330.16 211.87 203.53 291.63 433.07 671
βCAP M 1.10 0.57 0.72 1.02 1.38 652
IWF 0.96 0.11 1.00 1.00 1.00 744
AvgTOM(%) 1.10 1.08 0.43 0.77 1.34 661
AvgBidAskM(%) 0.40 0.58 0.03 0.11 0.65 631
AvgRangeM(%) 3.31 1.89 2.09 2.76 3.88 661
Ann to Eff (days) 5.69 4.70 4.00 5.00 6.00 745

Discretionary Index Deletions
Market Cap (B$) 2.58 3.66 0.50 1.64 3.41 326
WeightEff−1(%) 0.03 0.08 0.01 0.01 0.02 326
MRF (*104) -311.95 183.04 -441.82 -298.66 -166.99 304
βCAP M 1.18 0.62 0.75 1.13 1.51 326
IWF 0.97 0.09 1.00 1.00 1.00 326
AvgTOM(%) 1.73 1.83 0.54 1.17 2.16 326
AvgBidAskM(%) 0.93 1.44 0.06 0.21 1.29 298
AvgRangeM(%) 4.55 3.56 2.31 3.42 5.29 326
Ann to Eff (days) 5.55 2.45 4.00 6.00 6.00 325

Forced Index Deletions
Market Cap (B$) 12.68 14.04 4.02 7.74 15.56 330
WeightEff−1(%) 0.12 0.13 0.04 0.08 0.15 398
MRF (*104) -284.60 145.20 -359.66 -270.49 -191.91 330
βCAP M 0.87 0.53 0.51 0.78 1.12 413
IWF 0.98 0.07 1.00 1.00 1.00 412
AvgTOM(%) 1.04 0.94 0.49 0.77 1.24 414
AvgBidAskM(%) 0.54 1.02 0.03 0.11 0.74 392
AvgRangeM(%) 2.18 2.16 0.80 1.60 2.74 414
Ann to Eff (days) 5.49 5.51 3.00 5.00 6.00 414

This table presents a summary description of the sample stocks. Deleted firms are categorized into
forced and discretionary deletions. Forced deletions refer to firms that are completely delisted from their
exchange within two weeks following their removal from the index. IWF denotes the proportion of floating
shares relative to total outstanding shares. The reported β is derived from the market model, utilizing
an estimation window of one year that concludes 20 days prior to the effective date, requiring a minimum
of 100 observations within this window. The variable IWF represents the investable weight factor.
AvgTOM (%) indicates the average turnover (volume of trades divided by the number of shares). AvgBid-
AskM (%) is the average bid-ask spread (expressed as a percentage of the mid-price). AvgRangeM (%)
refers to the average price range (high price minus low price, as a percentage of the previous day’s closing
price and adjusted for stock splits) serving as a measure of volatility. The averages for AvgTOM (%),
AvgBidAskM (%), and AvgRangeM (%) are calculated over a one-month window ending 20 days prior to
the effective dates and requiring a minimum of 9 valid observations. The table also shows the number of
days after announcement in which the changes are made effective. If applicable, the unit of measure is
indicated before the variable’s name. The sample period is (1990-01, 2021-06).
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purchasing U.S.-based index ETFs) from the remaining sample14 and leveraged funds.

When available, I used the daily assets under management (AUM) labeled as “Fund Size

- Comprehensive (Daily)." If daily data were unavailable, I relied on the monthly values in

the variable “Total Market Value (Long)" and interpolated interim values, assuming that

inflows and outflows occurred at the end of each month1516 This procedure resulted in a

total of 200 index funds in my sample, although this figure can be misleading due to the

highly skewed distribution of fund sizes. The four largest players in the indexing industry-

Fidelity, Vanguard, BlackRock (including iShares), and State Street-together account for

an average of 79% of the total S&P 500 passive AUM over my sample period, with their

share exceeding 85% during certain intervals. It is noteworthy that, despite the rigor of

the methodology employed, the resulting numbers are similar to alternative approaches.

Greenwood and Sammon (2024) report broadly similar estimates of AUM for S&P 500

index funds using a fundamentally different method based on portfolio holdings.

Figure 1.1 shows the total assets under management of index funds and their aggregate

percentage holding of an exemplary index firm. In three decades, the total AUM of index

funds rose from almost zero to USD 2.5 trillion, and they were holding an average of about

7% of total shares outstanding of index firms. The growth of the percentage holding also

shows that most of the rise in the AUM of index funds comes from money inflow to these

funds as opposed to organic capital gains in the stock market, since without the inflows

the percentage would remain relatively constant.

14I retained 62 international index funds that are not classified as fund-of-funds, which account for only
1.2% of the total assets under management (AUM) of index funds on average over the sample period.
All results remain robust even after excluding these funds.

15This approach is equivalent to assuming that the daily returns of the index funds and the index are
equal. For robustness, I also examined an alternative assumption for funds with missing daily AUMs,
where I assumed AUM increased linearly between two end-of-month observations. This alternative as-
sumption did not affect the results, either qualitatively or quantitatively.

16For one index fund from Vanguard (FundId FSUSA002QH), the daily and monthly time series were
not compatible. I checked their website and verified that the monthly time series contained the correct
values, and I used that data.
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Figure 1.1: Assets Under Management and Percentage Ownership of Index Funds

This figure illustrates the total assets under management of passive index funds benchmarked to the S&P
500, along with their aggregate percentage ownership of index stocks. Refer to the main text for details
on the selection mechanism of index funds. The red line represents the assets under management in USD
trillions, while the blue line indicates the average percentage of an index firm held collectively by index
funds. The sample period is (1990-01, 2021-06).

1.4 Empirical Results

In the initial part of this section, I examine the effect of index reconstitutions on index

incumbents. I begin by analyzing the aggregate price impact over full sample, followed

by a temporal evolution analysis. Subsequently, I explore how arbitrage risk contributes

in explaining the heterogeneity of price impact experienced in response to demand shifts.

Finally, I investigate how changes in demand affect trading volumes surrounding index

reconstitutions. In the second subsection, I will assess the index effect associated with

index additions and deletions, aiming to quantify the extent to which demand shifts alone

can explain these observed outcomes.
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1.4.1 Index Incumbents

This sub-section demonstrates that the defined measure of mechanical demand, MRF,

explains the price reaction for index incumbents, quantifies the price impact multiplier

both in the full sample and over time, and establishes models to create a counterfactual

information-free demand response for additions and deletions in the subsequent part of

empirical results.

Price Impact

Table 1.2 presents the association of MRF with returns using the regressions in Equation

(1.7). Each regression studies the impact of demand shift on a specific measure of price

changes. Consistent with downward sloping demand curves hypotheses, all else equal,

price reactions are larger for stocks experiencing larger shifts in their weights. I focus first

on the full sample estimates and then divide the sample into three parts (each almost a

decade) to observe the structural breaks. All regressions include controls in addition to

stock and year fix effects. Control variables include logMV (the logarithm of total market

value), IWF (proprietary float factor), βCAP M (loading on the market in the one-factor

market model, estimated over a one-year window ending 20 days before the observation

day), and liquidity (the average daily bid-ask spread of the stock over a one-month window

ending 20 trading days before the observation day). All abnormal returns in the paper

are calculated using coefficients from a four-factor Carhart (1997) model incorporating a

moving window of [-365, -20] days prior to the day under study, conditional on having

100 observations.

The full sample estimates presented in Table 1.2 reveal that a MRF of 1%, equivalent

to purchasing 1% of shares outstanding, results in an approximately 51 bps increase in

price on the effective day and a 78 bps price increase on the day preceding the effective

day. Of the total return realized on the effective day, approximately half occurs during the
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Table 1.2: MRF and Price Impact

Dependent (1) (2) (3) (4) (5) (6) (7) (8)
Variable RetEff RetEff−1 Retopen

Eff CAREff
Ann CAREff−2

Ann CAREff
Eff−1 AREff AREff−1

Full Sample (1990-2021)
MRF 0.514∗∗∗ 0.780∗∗∗ 0.235∗∗∗ 0.411∗∗∗ 0.188∗∗ 0.224∗∗∗ 0.137∗∗ 0.088∗

(7.07) (8.76) (5.94) (3.57) (2.28) (2.63) (2.33) (1.83)
Adj. R-sq 0.016 0.026 0.017 0.006 0.005 0.002 0.002 0.003
N 289020 289020 288158 288997 288997 288997 289020 288997

Early Sample (1990-1999)
MRF 0.869∗∗∗ 1.150∗∗∗ 0.254∗∗∗ 0.348∗∗ 0.175 0.174∗∗ 0.059 0.116∗∗

(14.23) (18.75) (10.05) (2.50) (1.57) (2.22) (0.98) (2.05)
Adj. R-sq 0.010 0.017 0.007 0.017 0.017 0.004 0.005 0.003
N 80042 80042 79189 80033 80033 80033 80042 80033

Mid Sample (2000-2010)
MRF -0.167 0.733∗∗∗ 0.095 1.013∗∗∗ 0.426∗∗∗ 0.587∗∗ 0.286 0.301∗∗

(-1.04) (2.60) (0.79) (3.16) (2.73) (2.20) (1.61) (2.46)
Adj. R-sq 0.017 0.031 0.018 0.009 0.007 0.003 0.003 0.005
N 118685 118685 118676 118676 118676 118676 118685 118676

Late Sample (2011-2021)
MRF 0.315∗ -0.118 0.331∗∗∗ -0.053 -0.059 0.006 0.197 -0.191

(1.71) (-1.01) (3.41) (-0.27) (-0.40) (0.03) (1.63) (-1.59)
Adj. R-sq 0.020 0.007 0.022 0.010 0.007 0.005 0.003 0.008
N 90290 90290 90290 90286 90286 90286 90290 90286

Difference: Mid - Early
-1.036∗∗∗ -0.417 -0.159 0.665∗ 0.251 0.413 0.227 0.185
(-6.03) (-1.45) (-1.29) (1.90) (1.31) (1.49) (1.21) (1.37)

Difference: Late - Mid
0.482∗∗ -0.851∗∗∗ 0.236 -1.066∗∗∗ -0.485∗∗ -0.581∗ -0.089 -0.492∗∗∗
(1.97) (-2.79) (1.53) (-2.84) (-2.26) (-1.74) (-0.41) (-2.87)

This table presents the results of estimating the panel regression specified in Equation (1.7) for index
incumbents. The full sample comprises all incumbent observations on reconstitution days throughout the
entire sample period (1990-01 to 2021-06). Results are then replicated separately for three sub-samples:
Early (1990-1999), Mid (2000-2010), and Late (2011-2021). The bottom rows assess the statistical signif-
icance of the differences between sub-sample estimates. The independent variable is MRF j

t , representing
the dollar amount of money flowing into or withdrawn from stock j on reconstitution day t (proportional
to the previous day’s market value) due to mechanical weight changes in the index portfolio. Control
variables include logMV (the logarithm of total market value), IWF (proprietary float factor), βCAP M

(loading on the market in the one-factor market model, estimated over a one-year window ending 20 days
before the observation day), and liquidity (the average daily bid-ask spread of the stock over a one-month
window ending 20 trading days before the observation day). All regressions include control variables,
stock fixed effects, and year fixed effects. All abnormal returns are calculated using coefficients from a
four-factor Carhart (1997) model incorporating a moving window of [-365, -20] days prior to the day
under study, conditional on having 100 observations. T-statistics based on standard errors clustered by
stocks are reported in parentheses. Significance levels are denoted as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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opening17 batch auction18. The primary outcome variable in Table 1.2 is the cumulative

abnormal return of stocks in response to demand shifts over the entire period from the

announcement to the effective day, as presented in Column (4). This indicates that, in

response to a 1% demand shift, the price of stocks, on average, would increase by 41

bps, with most of this increase occurring on the effective day and the preceding day,

as detailed in the final four columns. Furthermore, Columns (4) to (8) that focus on

abnormal returns emphasize that the observed heterogeneity in the price movements of

stocks is attributable to the varying surprises in their portfolio weights which cannot be

fully explained by market-wide risk factors.

As I will show later in Section 1.4.2, the price reactions to index additions and deletions

have been falling through the years, despite the sharp increase in passive investing that

was particularly documented for S&P 500 in Figure 1.1. The diminishing magnitude

of the index effect had been reported in other recent studies, for instance, Bennett et al.

(2023); Greenwood and Sammon (2024); Patel and Welch (2017) among others. improved

market efficiency stands as the most reasonable explanation for this stark and somewhat

surprising observation, but it is not easy to test this hypothesis using the data of index

additions and deletions themselves. This is because one cannot disentangle easily between

the decreasing price impact related to the demand-driven component of the index effect

or the less informative recent index decisions associated with the non-demand-driven part

of it. Furthermore, the recent increase in switching between S&P500 stocks and their

smaller counterparts, S&P 400 mid-cap and S&P 600 small-cap indices, makes identifying

the possible scenarios even harder (Vijh and Wang, 2022; Kumar et al., 2023). The

17I define the daily opening return of stocks as (P opent/P closet− 1 − 1), adjusted for dividends and
stock splits.

18The opening batch auction is a process that occurs prior to the commencement of continuous trading
for the day, aimed at establishing the opening price for securities. During this interval, buy and sell orders
are matched and executed at a single price point. In contrast, the closing auction serves a similar function,
determining the closing price for securities by matching buy and sell orders at a single price point. Market
participants can submit orders to buy or sell securities at the closing price during this auction, typically
conducted a few minutes before the trading day concludes. The closing price is determined at the price
point where the maximum volume of shares can be transacted.
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primary contribution of this paper is to solve this problem by the novel identification

that moves the focus from demand shift on additions and deletions to an information-free

demand shift on index incumbents.

The subsequent rows of Table 1.2 replicate the full sample results separately for the

three decades encompassed in the sample19. A broad observation from this analysis is

that the results exhibit striking differences across the three sub-samples. In the early

period (1990-1999), the coefficients are substantial, with most demonstrating significantly

positive values, indicating downward-sloping demand curves. In the mid-sample period

(2000-2010), the coefficients are even larger and more significant, suggesting an increase

in the general slope of the demand curves. Conversely, the coefficients for the late part

of the sample are predominantly close to zero and statistically insignificant, reflecting a

notable flattening of the stocks’ demand curves. These findings, which motivate a time-

varying analysis in the remainder of this section, are further corroborated in the last two

rows, where I verify that the estimated price impact multipliers differ significantly across

the three sub-periods.

To provide a more precise analysis of the evolution of the price impact multiplier,

I employ the dynamic regression framework outlined in Equation (1.8), incorporating a

time-varying coefficient to examine the temporal trend of price reaction sensitivity to

index funds’ demand shifts. I utilize the CAREff
Ann as the measure of price reaction to

index decisions, ensuring that the outcome variable encompasses both the anticipated

and unanticipated components of the price reaction. This choice is further justified by

the intention to use the results of this regression in the subsequent section to construct

a counterfactual scenario regarding the index effect on additions and deletions. Such a

selection of the time window facilitates an apples-to-apples comparison between the reality

and counterfactual scenarios studied.
19The sample spans 31.5 years. To avoid categorizing it into four decades, I include the year 2010 in the

second decade and the first six months of 2021 in the last decade. Consequently, the three sub-samples
comprise 10, 11, and 10.5 years, respectively. No results would materially change with any alternative
division of the sample.
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Figure 1.2: Price Impact Across Time

This figure shows the estimates of price impact over time where the estimates come from the panel
regression specified in Equation (1.8), in which the outcome variable is the CAREff

Ann, total cumulative
abnormal return of incumbents from announcement to effective day of index changes, inclusive of both
dates. βt estimates using dummy variables from a division of sample time into two-year periods (1990-01,
2021-06)-sixteen periods in total (the last period is one and half years). Control variables include logMV
(the logarithm of total market value), IWF (proprietary float factor), βCAP M (loading on the market in
the one-factor market model, estimated over a one-year window ending 20 days before the observation
day), and liquidity (the average daily bid-ask spread of the stock over a one-month window ending 20
trading days before the observation day). All regressions include control variables, stock fixed effects,
and year fixed effects. Standard errors clustered by stocks and 95% confidence intervals are shown in
light shadow around the means. The estimates for three sub-periods, Early, Mid, and Late from 1.2 are
also shown in the graph.

Figure 1.2 illustrates the price impact estimates of index funds derived from the time-

varying model. The graph reveals that the average price impact of index funds’ demand

shifts initially increased throughout the 1990s, peaking around 2000, and subsequently

declined over the past two decades. The sensitivity of prices to demand shifts has de-

creased from approximately 2 at the turn of the century to nearly zero in the later period.

This direct evidence of an overall enhancement in market efficiency suggests that market
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participants, including arbitrageurs and market makers, have significantly improved their

ability to provide liquidity to index funds. Furthermore, the figure indicates that the

aggregate price impact is closely linked to the market’s overall capacity to accommodate

demand shifts. For example, during periods of financial crises and the COVID-19 pan-

demic, when market conditions and arbitrage capital were constrained, the price impact

multiplier surged dramatically. The following section elaborates on how the ability of

arbitrageurs to absorb demand shifts critically influences the price impact multiplier and,

consequently, the slope of demand curves.

Arbitrage Risk

Gromb and Vayanos (2010) utilize a two-stock model to demonstrate that the price im-

pact of a demand shock is influenced by several factors: (i) the magnitude of the shock

itself, as arbitrageurs require greater compensation for bearing higher risk; (ii) the uncon-

ditional variance of the asset affected by the shock, where increased volatility necessitates

higher compensation from arbitrageurs; and (iii) (1− ρ2) where ρ is the correlation of the

asset with its substitutes (specifically the only other stock in their model), as lower cor-

relation constrains arbitrageurs’ ability to hedge effectively. Consequently, the degree of

substitutability of stocks with their close substitutes is crucial in explaining the abnormal

returns observed across stocks in response to certain shift in demand. Please see Appendix

A.3 for a more detailed discussion. The product of the latter two determinants of price

impact in their model, unconditional variance and (1− ρ2), is exactly the residual varia-

tion in the stock prices that an arbitrageur cannot hedge using available substitutes, and

is called arbitrage risk in Wurgler and Zhuravskaya (2002). In this section, I first estab-

lish that arbitrage risk serves as a channel that moderates the effect of demand shifts on

prices, thereby providing an empirical test for their theoretical predictions. Subsequently,

I analyze how the overall trend of this variable across stocks has evolved over time and its

relationship to the flattening of demand curves and the price impact estimates presented
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Table 1.3: Arbitrage Risk Summary Description

Variable Mean SD p25 p50 p75 N
Index Incumbents

A1 (*104) 4.11 5.67 1.35 2.44 4.73 308753
A2 (*104) 3.87 5.45 1.26 2.32 4.43 305430
A0 (*104) 5.87 8.38 1.98 3.46 6.52 308753
E1 (*104) 1.76 3.47 0.36 0.75 1.62 308753
E2 (*104) 2.02 4.18 0.37 0.82 1.96 305430
R1 0.28 0.18 0.13 0.25 0.40 308753
R2 0.32 0.22 0.13 0.28 0.47 305430

This table provides an overview of arbitrage risk and related metrics for the incumbent stocks. Two stock-
specific arbitrage-risk measures, following the methodology of Wurgler and Zhuravskaya (2002), were
constructed using daily returns over a calendar window from [−365,−20] days. The first measure, A1i,
represents the variance of residuals from the model Rit−Rft = βi(Rmt−Rft)+εit, where Rmt denotes the
return on CRSP’s value-weighted index and Rft is the risk-free rate. The second measure, A2i, measures
the residual variance of Rit−Rft = β1i(Rsub1it−Rft) +β2i(Rsub2it−Rft) +β3i(Rsub3it−Rft) + εit, with
Rsub1it, Rsub2it, and Rsub3it representing returns on three closest industry-, size-, and book-to-market-
matched "substitute" stocks, matched using quintiles of size and book-to-market and utilizing Fama and
French 49 industry classifications (Fama and French, 1997). See Wurgler and Zhuravskaya (2002) for
more details. Total variance of excess returns A0it = Var(Rit −Rft) is estimated over the same interval
as the arbitrage-risk measures. E1i represents the “explained" variance Var(Rit − Rfi) − A1i, while R1i

is the ratio of explained variance E1i to total variance A0i. E2i and R2i are defined analogously. All
variables except ratios in the table are multiplied by (104) to ease reading. A more detailed version of
this table including additions and deletions is also available in Appendix section A.4 The sample period
spans from January 1990 to June 2021.

in the previous section.

In measuring arbitrage risk, I adopt the methodology outlined in Wurgler and Zhu-

ravskaya (2002), which utilizes the variance of the residuals from regressing the excess

returns of a stock against the excess returns of its substitutes over the calendar period

[-365, -20]20. This approach ensures zero net investment of arbitrageurs since it measures

the residual variance when they are long one dollar on the stocks under study and short

a net one dollar on substitutes, including the risk-free rates. Essentially, arbitrage risk

quantifies the portion of total stock price variation that cannot be hedged using avail-

able substitutes. Therefore, if a stock has a perfect substitute, its arbitrage risk will be

zero. Wurgler and Zhuravskaya (2002) define two measures of arbitrage risk: the first
20No constant is included in these regressions because a constant lacks any economic interpretation

as a substitute. Therefore, it’s not strictly accurate to decompose total variance into residual variance
(arbitrage risk) and explained variance. As a result, occasional negative R-squared values may occur.
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measure (A1) considers only the market and the risk-free rate as the substitute for all

stocks, while the second measure (A2) uses three stocks matched by industry and closest

in book-to-market ratio and size to the stock under study21 plus the risk-free rate.

Table 1.3 outlines the estimation procedure and presents summary statistics of ar-

bitrage risk measures in which I also compute summary statistics for the total variance

of stocks’ excess returns, including both the absolute amount and the fraction explained

by substitutes’ returns. The key takeaway from Table 1.3 is that while index incumbent

stocks lack perfect substitutes, a significant portion of their price variation can be hedged

using close substitutes. For the median stock in the S&P 500, approximately one third

of the total variation can be mitigated through cross-stock arbitrage. A more detailed

version of Table 1.3 that includes also additions and deletions is available in Appendix

section A.4. When comparing these ratios to those from the original study by Wurgler

and Zhuravskaya (2002), we find that the portion of total variation that can be hedged

by arbitrageurs with only three substitutes is already three times larger than during their

study period.

I add arbitrage risk to the previously studied price impact regressions to find out how

the heterogeneity of price impact experienced by different incumbent relates to their arbi-

trage risk, or substitutability. To enhance the interpretability of the regression results, I

standardize these variables by dividing them by their standard deviations. The underlying

regression models to test are versions of the following equation

CAREff
Ann,jt = β0MRF j

t + β1MRF j
t · AN

k,jt + β2A
N
k,jt + φXjt + θt + θj + εjt, (1.9)

where AN
k,jt is either A1 or A2 (k = 1 or 2) of stock j at day t divided by the unconditional

21Similar to this approach of constraining the universe of potential substitutes, Pontiff (1996) selects
ten open-end funds as the set of potential substitutes for each closed-end fund in his study. Li and Lin
(2022) also categorize stocks based on size and book-to-market ratio, and then decompose the underlying
demand into different levels of granularity.
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Table 1.4: MRF and Arbitrage Risk

(1) (2) (3) (4) (5) (6) (7)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

MRF 0.411∗∗∗ 0.210 0.346 0.071 0.146 0.283 0.099
(3.57) (1.51) (1.55) (0.46) (0.95) (1.20) (0.61)

AN
1 0.002∗∗∗ 0.006∗∗∗ 0.001∗∗∗

(5.57) (3.98) (3.95)

MRF × AN
1 0.256 -0.060 0.550∗∗∗

(1.31) (-0.19) (3.34)

AN
2 0.002∗∗∗ 0.003∗ 0.001∗∗∗

(5.66) (1.92) (4.74)

MRF × AN
2 0.358∗ 0.040 0.604∗∗∗

(1.65) (0.13) (3.78)
Sample All All Pre 2000 Post 2000 All Pre 2000 Post 2000
N 288997 288997 80033 208963 286060 78208 207851
Adj. R-sq 0.006 0.006 0.019 0.008 0.007 0.018 0.008

This table reports the results of estimating panel regression in Equation (1.9) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio, and the arbitrage risk measures divided by their standard deviation for the ease of interpretation.
Arbitrage risk measures are calculated as the variance of residuals from regressing one stock’s excess return
on the market’s excess return over a window of [-365, -20] prior days (A1), or on the excess return of the
three closest industry-, size-, and book-to-market-matched "substitute" stocks (A2). These substitutes
are matched using quintiles of size and book-to-market, employing the 49 industry classifications from
Fama and French (1997). For further details, refer to Wurgler and Zhuravskaya (2002). Control variables
include logMV (the logarithm of total market value), IWF (proprietary float factor), βCAP M (loading
on the market in the one-factor market model, estimated over a one-year window ending 20 days before
the observation day), and liquidity (the average daily bid-ask spread of the stock over a one-month
window ending 20 trading days before the observation day). All regressions include control variables,
stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by stocks are
reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

standard deviation of this variable. The coefficients of interest are β1 and β2.

Table 1.4 illustrates the relationship between arbitrage risk and price impact. The

dependent variable is always the total cumulative abnormal return of index incumbents

during the period from the announcement to the effective day of index changes, inclusive

of both dates. Regression (1) presents the baseline result extracted from Table 1.2 for

comparison. Regressions (2) to (4) utilize A1 as the measure of arbitrage risk, while

regressions (5) to (7) employ A2. In both cases, I first examine the full sample results
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and then focus separately on the pre- and post-2000 periods. The choice of 2000 is made

because, as documented in the previous section, the flattening of demand curves and, in

a sense, the regime change began broadly around that time. However, in untabulated

results, I verify that the findings would be similar if the division year were adjusted to

any year around 2000.

The most important finding of Table 1.4 is that arbitrage risk serves as the channel

through which demand shocks impact prices in the following manner: In all regressions,

regardless of the arbitrage risk measure used or the sample period considered, once the

interaction between MRF and arbitrage risk is included in the baseline regression, the

coefficient of MRF is no longer significantly different from zero. This implies that if a

stock has perfect substitutes (and thus zero arbitrage risk), demand shifts will not affect its

price. In other words, exactly in line with the prediction in theory (Vayanos and Woolley,

2013), demand shifts influence prices only in the presence of imperfect substitution.

The coefficients of the interaction term in Table 1.4 indicate that arbitrage became

more relevant in the post-2000 period. This observation aligns with the findings in the

subsequent sections, which note that the index effect began to shrink after 2000. Further-

more, by focusing on the post-2000 period and comparing the coefficient of the interaction

term with the baseline coefficient in column (1)22, it is evident that a one standard devia-

tion increase in arbitrage risk increases the price impact of demand shifts by approximately

30-45 percentage points of the baseline average effect. This explains the cross-sectional

heterogeneity of stocks in the sensitivity of their prices to demand shifts.

Lastly, the coefficients of A1 and A2 are positive in all regressions, particularly highly

significant in the post-2000 period. The interpretation of this coefficient is more nuanced.

Note that if this coefficient had turned out to be zero, it would imply that the price change

for two demand shifts that are otherwise equal except in direction would be symmetric

as well, except again for the direction. However, in the presence of this statistically
22If I re-estimate the baseline coefficient only for the post-2000 period, I still obtain an estimate of

0.487, statistically significant at the 1% level, which is very similar to the full sample estimate
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positive coefficient on A1 and A2, these two otherwise equal opposite-direction demand

shifts would have asymmetric price reactions such that the price reaction for the positive

demand shift is larger in magnitude. This occurs because when the demand shift of

index funds is positive, arbitrageurs must sell to the indexers. Yet, arbitrageurs do not

naturally hold these stocks by default, so they have to short-sell to the indexers. Since

short-selling is costly (Sikorskaya, 2023), they would be willing to take the other side of

the index funds’ trades only at a higher price. Therefore, the coefficients on A1 and A2

are associated with the asymmetric price reactions to opposite-direction demand shifts

due to costly short-selling. Moreover, comparing the coefficients from the pre- and post-

2000 periods indicates that this asymmetry due to short-selling costs has diminished over

time. Appendix section A.6 studies the volatility reaction to index funds’ demand shifts

and there as well it is documented that increase in volatility is larger for the case of

positive demand shifts. Appendix section A.5 uses four alternative definitions for the

risk of arbitrage and verifies the finding of this section are robust to those alternative

definitions.

Regression results in Table 1.4 show that one important determinant of the total price

impact multiplier (when factoring MRF in the underlying regression equations (1.9) the

coefficient is β0 + β1A
N
k,jt) is the risk of arbitrage, which is also the only time-varying

component in it. Figure 1.3 complements this by demonstrating how these measure has

evolved over time. The left-hand side plot illustrates that arbitrage risk exhibited a

declining trend post-2000 and stabilized at a low level, with the exceptions of the 2008

financial crisis and the COVID-19 pandemic in 2020.

The left-hand side plot in Figure 1.3 highlights two points: (i) arbitrage risk crucially

depends on the stability of financial markets. This is not surprising given that arbitrage

risk is a component of total risk that cannot be hedged. When total risk increases during

episodes of financial distress, this unhedgeable component naturally rises to some extent

as well. (ii) The overall reduction in arbitrage risk, alongside the results in Table 1.4,
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Figure 1.3: Arbitrage Risk Over Time

This figure illustrates the evolution of stocks’ arbitrage risk over time. Arbitrage risk measures are
calculated as the variance of residuals from regressing one stock’s excess return on the market’s excess
return over a window of [-365, -20] prior days (A1), or on the excess return of the three closest industry-,
size-, and book-to-market-matched "substitute" stocks (A2). These substitutes are matched using quintiles
of size and book-to-market, employing the 49 industry classifications from Fama and French (1997). For
further details, refer to Wurgler and Zhuravskaya (2002). All lines represent the median, while the
shaded areas of the same color indicate the 25th and 75th percentiles. On the left-hand side, the green
line depicts the trend for A1, and the red line shows the trend for A2. The total variation of stock returns
within the same window is represented in yellow. The right-hand side illustrates the portion of total
stock price variation explained by substitutes, measured as total variance minus arbitrage risk divided
by total variance. Lowess filters with a bandwidth of 0.8 are also displayed to smooth the graphs and
highlight the trends. The sample period is (1990-01, 2021-06).

suggests that the decline in price impact in the latter part of the sample is partially

attributable to decreased arbitrage risk. Although I do not have a long enough time

series of the price impact multiplier to perform regression analysis, the current time series

estimated in Figure 1.2 already exhibits a correlation coefficient of 0.71 with that of

A2. The parallel trends of arbitrage risk and the price impact multiplier in Figure 1.2,

including the spikes in 2000, 2008 and 2020, reaffirm that the documented reduction in

price impact is at least partially due to a decrease in arbitrage risk, rather than being an

unrelated, continually decreasing time series.

The results in this section have demonstrated that the reduction in the overall price
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impact of stock prices in response to demand shifts is at least partially due to the overall

reduction in stocks’ arbitrage risk. However, a lingering question remains: what has led

to this decrease in arbitrage risk? While a comprehensive answer to this question requires

further research, I can address whether overall price fluctuations have decreased, or if

better substitutes capture a larger portion of the variations.

The yellow line on the left-hand side of Figure 1.3 indicates that although overall

variation has decreased in some episodes of the sample span, at the beginning and end

of the sample period, it had similar magnitudes. However, the left-hand side plot shows

a secular increasing trend in the portion of total variation explained by the substitutes.

For instance, while the set of three substitutes used for A2 were hedging 5-20 percent of

the total variations in the 1990s, they can capture an average of about 42 percent of the

total variations in the last decade of the sample. Thus, the reduction of arbitrage risk

is indeed more due to better substitutability of stocks in cross-stock arbitrage than an

overall reduction in volatility.

Implications for the Price Elasticity of Demand

The price elasticity of index funds’ demand can be directly calculated as −1/β, in which β

comes from the price impact estimates in the previous section. With flat or perfectly elas-

tic demand curves, the price elasticity is −∞, and with downward-sloping or imperfectly

elastic demand, the price elasticity approaches zero.

Despite the crucial importance of this parameter in asset pricing models, the literature

offers a very broad range of its estimates. In a recent study, Gabaix and Koijen (2022)

lists the most recent estimates of price elasticity of demand. Using individual stocks

characteristics like in the present paper, as opposed to those using factor level or macro

estimates, the estimates range between -0.4 to -3.3. While some of these papers use index

redefinition such as Pavlova and Sikorskaya (2022) and Chang et al. (2014), there are

papers leveraging other demand shifts such as dividend payouts as in Schmickler (2020)
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and Hartzmark and Solomon (2022), and mutual fund flows in Lou (2012).

In assessing elasticities, my study centers on the price response throughout the entire

period from announcement to implementation, denoted as CAREff
Ann and presented in

column (4) of Table 1.2. This approach offers the distinct advantage of incorporating

the surprise effect of index decisions during the announcement while abstracting from

market fluctuations. Such calculation reveals a price elasticity estimate of -2.5 within the

full sample which increases largely in magnitude towards the recent era according to the

time-varying model.

The estimates of elasticity in this section could be called into question if index funds,

which incur transaction costs for their trades, do not rebalance their portfolio in response

to changes in index composition. Similarly, the possibility that some active funds may

trade based on index guidelines and so biasing the estimates upward can also be a concern.

While these are legitimate identification concerns, they should not be overemphasized

for two reasons. First, Pavlova and Sikorskaya (2022) have shown that passive funds

benchmarked to S&P 500 have almost zero tracking error (0.2-0.4 % per annum) in their

entire sample period and have held, on average, 99.6% of their benchmark stocks. This

evidence suggests that at least passive funds benchmarked to S&P 500 do exactly as they

are expected: They mirror the index portfolio with no discretion.

Second, although some active funds may trade based on index inclusion or exclusion

decisions, it is unlikely that they would rebalance other stocks in that benchmark accord-

ing to updated weights. Moreover, since they do not hold the entire index portfolio, their

rebalancing would not occur in parallel with that of index funds. Furthermore, the bottom

line of the paper, which will be examined in the subsequent sections, is that demand can

explain the entire magnitude and the decreasing trend of the index effect in the post-2000

sample, leaving no room for information-based explanations. This takeaway will rely on

the interaction of price impact estimates and the size of the demand shift. Thus, even if

some active funds are closet indexers and hold a similar portfolio to index funds, meaning
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that my MRF measure is systematically understated because the true aggregate AUM

is larger than what I have, this implies that the estimated price impact multipliers are

systematically overstated due to the exact reciprocal of the same bias, and the interaction

of the two remains the same quantity and the bottom line of the paper remains entirely

valid.

Demand and Turnover

The weight surprises experienced by index incumbents due to the difference in the weight

of added and deleted firms during reconstitutions are indeed relatively small in face value.

However, this section shows they can induce a significant demand shift when multiplied

by the large assets under the management of index funds23.

To study the volume reaction of incumbents to demand shifts, I again focus on the

entire period from the announcement to the effective day. As the outcome variable, I use

first the cumulative turnover, where turnover is defined for each day as the ratio of the

daily volume of trades to the number of shares outstanding, and second, the cumulative

excess turnover, which is the same measure minus the average expected turnover of that

stock for that number of days, with the average taken over a window of one month ending

twenty days before the effective day. For the independent variable, I employ the absolute

value of the MRF measure. This choice is motivated by the fact that index fund trades

will increase the volume of trades regardless of the direction (buy or sell). To confirm

this, I include a dummy variable indicating the sign of the MRF in the regressions which

turns out zero.

Estimation results are reported in Table 1.5 using the regression equations (1.7) for

full sample estimates and (1.8) to see temporal evolution. The coefficient estimates of

abs(MRF ) are about 2.7 for total cumulative turnover, and the direction of demand

23As of 2022, the total assets under the management of passive index funds benchmarked
against S&P 500 are estimated to be around USD 5.4 trillion. Index fact sheet, available on
https://www.spglobal.com/spdji/en/indices/equity/sp-500/

https://www.spglobal.com/spdji/en/indices/equity/sp-500/
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shifts has negligible effect as predicted. This means that for every 1% of firms’ shares

demanded by index funds, 2.7% of firm shares will be traded in the relevant period from

announcement to effective day. Obviously, not all these trades belong to index funds or

are due to their demand shifts; there is a certain daily turnover for all stocks every day. To

tease this out, I focus on cumulative excess turnover in columns (3) and (4), which takes

the average daily turnover out of the dependent variable. These regressions show that

for every 1% of shares outstanding demanded by index funds, there is a 0.92% of excess

cumulative turnover from announcement to effective day. I also verify manually that this

coefficient is not significantly different from 1 at the 95% confidence level. Intuitively,

the entire demand of index funds manifests as excess turnover in this period, and only a

slight portion of it is supplied by the usual liquidity available in the market. This also

corroborates the findings in the previous section as it certifies much of the demand shifts

are fed at the margin by the arbitrageurs.

Column (5) of Table 1.5 studies the heterogeneity of stocks in their reaction of excess

cumulative turnover to demand shifts. Particularly, I sort stocks into quartiles based on

their average turnover over a one-month window ending twenty days before the effective

day and document that the increase in excess turnover in response to demand shifts is

intuitively stronger for stocks that are unconditionally less liquid. Lastly, Columns (6)

and (7) show that the reaction of turnover became larger over time.

Chinco and Sammon (2024) also study the excess turnover reaction of additions and

deletions for multiple indices, concluding that the excess turnover on these stocks is dou-

ble what can be explained by the assets under management of index funds. My coefficient

estimate of 2.2 in the last decade for excess cumulative turnover in Column (7) comple-

ments their study by showing that, at least for the S&P 500, the excess turnover on index

incumbents is also double what can be justified by passive index fund assets. In other

words, the same closet indexers that do not openly identify as passive index funds yet

hold index portfolio similar to passive index funds also inevitably have to rebalance index
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Table 1.5: MRF and Turnover

(1) (2) (3) (4) (5) (6) (7)
CumTO CumTO CumEx− TO CumEx− TO CumEx− TO CumTO CumEx− TO

abs(MRF ) 2.675∗∗∗ 2.681∗∗∗ 0.916∗∗∗ 0.918∗∗∗
(11.37) (11.38) (10.17) (10.21)

MRF > 0 0.000∗∗∗ 0.000∗∗ 0.000∗∗
(3.20) (2.24) (2.54)

Q− AvgTOM=1 × abs(MRF ) 1.306∗∗∗
(21.73)

Q− AvgTOM=2 × abs(MRF ) 0.853∗∗∗
(7.30)

Q− AvgTOM=3 × abs(MRF ) 0.969∗∗∗
(6.39)

Q− AvgTOM=4 × abs(MRF ) 0.450
(1.31)

Period=Early × abs(MRF ) 0.646∗∗∗ 0.003
(9.42) (0.05)

Period=Mid × abs(MRF ) 3.367∗∗∗ 1.610∗∗∗
(3.81) (6.23)

Period=Late × abs(MRF ) 6.489∗∗∗ 2.194∗∗∗
(7.51) (9.47)

N 289019 289019 289019 289019 289019 289019 289019
Adj. R-sq 0.372 0.372 0.131 0.131 0.131 0.373 0.132

This table reports the results of estimating panel regression in Equation (1.7) for index incumbents
when the dependent variable is daily turnover. The sample includes all incumbent observations in the
reconstitution days in the sample period (2000-01, 2021-06). The main independent variable is the
absolute value of MRF j

t , representing the absolute value of dollar amount of money flowing into or
withdrawn from stock j on reconstitution day t (proportional to the previous day’s market value) due
to mechanical weight changes in the index portfolio. MRF > 0 is a dummy equal to one (zero) if index
funds’ demand shift is positive (negative), i.e. they should buy (sell). Quartiles of AvgTOM distinguish
unconditional liquidity of different stocks. AvgTOM indicates the average turnover (volume of trades
divided by the number of shares) of stocks over a one-month window ending 20 days priod to the effective
dates. Period dummy variables indicate three sub-samples: Early (1990-1999), Mid (2000-2010), and Late
(2011-2021).Control variables include logMV (the logarithm of total market value), IWF (proprietary
float factor), βCAP M (loading on the market in the one-factor market model, estimated over a one-year
window ending 20 days before the observation day), and liquidity (the average daily bid-ask spread of
the stock over a one-month window ending 20 trading days before the observation day) and the average
cumulative excess turnover of all S&P 500 firms from announcement to effective day as a proxy of
aggregate market liquidity around respective reconstitutions. All regressions include control variables,
stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by stocks are
reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

incumbents in the same way that index funds have to do. At the end, the sum of the

portfolio weights must remain at 100%!
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1.4.2 Index Additions and Deletions

This section studies the price reactions to S&P 500 index reconstitutions by examining

long-term and short-term price patterns of index addition and deletions. The first part

of the section reports the abnormal return of added and deleted firms around the index

reconstitution in an event study manner. The second part examines whether index funds’

demand can justify the observed effect size by incorporating the estimates of price impact

from Section 1.4.1.

Figures 1.4 and 1.5 show the abnormal returns experienced by the added and deleted

firms around the index reconstitution, respectively, in the short and long time windows.

The announcement day for each index reconstitution varies in the sample between 1 and

30 trading days before the effective day, with a high mass around the median of 5 trading

days24 which is one calendar week. Therefore, for the long window in Figure 1.5, I started

calculating cumulative abnormal returns from 30 trading days before the effective day

of events to ensure announcements happen within the window. Abnormal returns are

also summarized numerically in Table 1.6. All abnormal returns are calculated using

coefficients from a four-factor Carhart (1997) model incorporating a moving window of

[-365, -20] days prior to the day under study, conditional on having 100 observations.

In the analysis, I distinguish between forced and discretionary deletions. I define

forced deletions as deletions that were entirely delisted from the exchange within two

week after their deletion to underscore that they are overshadowed by more significant

events leading to delisting, rather than their removal from the index and the removal was

not really a decision by index committee as these shares would cease trading shortly for

another reason. Forced deletions exhibit stagnant abnormal returns until shortly before

the effective day, yet these returns experience substantial swings in magnitude. Therefore,

I refrain from commenting on their returns and instead focus on discretionary deletions,

24In vast majority of events, this distance is between 4 and 6 trading days.
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Figure 1.4: Abnormal Returns of Index Additions and Deletions, short CARs

This figure presents the event study results for the cumulative abnormal returns of S&P 500 additions and
deletions, distinguishing between forced and discretionary deletions. Forced deletions are those that were
entirely delisted from the exchange within two week after their removal from the index. Abnormal returns
are calculated using Carhart (1997) four factor model, whose parameters are estimated over a window of
one-year ending 20 days prior to the observation day conditional on a minimum of 100 observations. In
the left figures day zero is the announcement day, and in the right figures it is the effective day. Vertical
axes report outcomes in percentage. 95% confidence intervals are shown in light shadow around the
means. The sample period is (1990-01, 2021-06).

which continue trading after being removed from the index.

For additions, the cumulative abnormal return in the period of Ann− 30 to Ann− 2

is positive and is significant. Between the three dates of announcement day and the days

before and after it, only the announcement day has a significant return that averages to

a whooping amounts of 3%. The period between announcement day and effective day,

including both dates, has an average abnormal return of 3.9%. This is the main figure we

know as index effect. Lastly, the cumulative abnormal returns reverts partially after the

event.

Regarding discretionary deletions, the average CAR in the periods of Ann− 30 to

Ann− 10 and Ann− 9 to Ann− 2 are both very large and significant summing to about
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Figure 1.5: Abnormal Returns of Index Additions and Deletions, Long CARs

This figure presents the event study results for the cumulative abnormal returns of S&P 500 additions
and deletions, distinguishing between forced and discretionary deletions. Forced deletions are those that
were entirely delisted from the exchange within two week after their removal from the index. The event
window begins 30 trading days before the effective day and ends 45 days after. Abnormal returns are
calculated using Carhart (1997) four factor model, whose parameters are estimated over a window of
one-year ending 20 days prior to the observation day conditional on a minimum of 100 observations.
Vertical axes report outcomes in percentage. 95% confidence intervals are shown in light shadow around
the means. The sample period is (1990-01, 2021-06).

-6.2% although index announcement had not yet happened. This finding shows that the

index effect is at best responsible for one-third of the trough we observe on Figure 1.5 on

the effective day. The total period between announcement day and effective day, including

both dates, exhibits an average abnormal return of -3.48. Similar to additions, the effect

partially reverts afterwards.

Figure 1.6 provides a visual representation of index effect (CAREff
Ann) for index additions

and deletions in different years. This figure highlights an ostensibly puzzling trend: the

magnitude of the index effect is decreasing over time, despite the significant increase in

demand from index followers, as previously documented in Figure 1.1. This shrinking

trend is also noted in Patel and Welch (2017), Bennett et al. (2023), and Greenwood and
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Table 1.6: Abnormal returns of S&P 500 additions and deletions

Time/Window
Additions Discretionary Deletions Forced Deletions

mean pos (%) N mean pos (%) N mean pos (%) N
CARAnn−10

Ann−30 1.27∗∗∗ 54.85 629 -2.89∗∗∗ 44.24 321 0.77 59.9 399
3.18 -3.08 1.45

CARAnn−2
Ann−9 0.96∗∗∗ 57.01 649 -3.28∗∗∗ 42.15 325 0.22 55.47 411

3.87 -5.14 0.73
ARAnn−1 0.12 49.23 650 -0.57∗∗ 45.54 325 0.04 53.06 409

1.26 -2.18 0.32
ARAnn 3.06∗∗∗ 79.23 650 -2.51∗∗∗ 29.85 325 0.1 52.53 396

20.4 -8.59 0.78
ARAnn+1 0.0 48.31 650 -0.2 45.23 325 0.07 53.19 361

0.04 -0.77 0.56
CAREff

Ann 3.88∗∗∗ 71.85 650 -3.48∗∗∗ 36.62 325 0.63∗∗∗ 56.06 396
14.55 -6.66 2.63

AREff−1 0.92∗∗∗ 59.66 652 -1.82∗∗∗ 32.52 326 -0.54∗∗∗ 41.05 380
5.93 -6.81 -3.34

AREff -0.37∗∗∗ 43.56 652 1.3∗∗∗ 58.59 326 0.84∗∗∗ 60.37 328
-3.96 4.66 4.8

AREff+1 -0.17∗ 48.16 652 0.71∗∗∗ 54.29 326 0.37 56.0 50
-1.92 2.83 0.53

CAREff+5
Eff+2 -0.53∗∗∗ 46.17 652 0.63 50.31 324 -0.3 61.54 13

-3.16 1.33 -0.16
CAREff+10

Eff+6 -0.32 45.55 652 0.42 50.46 325 - - -
-1.61 0.8

CAREff+20
Eff+11 -0.82∗∗∗ 46.48 654 1.53∗∗ 52.02 321 - - -

-3.3 2.5
This figure presents the event study results for the cumulative abnormal returns of S&P 500 additions
and deletions, distinguishing between forced and discretionary deletions. Forced deletions are those that
were entirely delisted from the exchange within two week after their removal from the index. The first
column indicates the related window or date. For windows of more than one day, the mean of cumulative
abnormal returns over those intervals are reported, and for other rows that are single dates, the mean
of respective abnormal return is shown. T-statistics for testing zero means are reported in parentheses.
Columns indicated by “pos %" show the percentage of observations with positive values. N is the number
of observations. Eff and Ann indicate effective and announcement days, respectively. Statistics are
defined conditional on a minimum of ten observations. Abnormal returns are calculated using Carhart
(1997) four factor model, whose parameters are estimated over a window of one-year ending 20 days prior
to the observation day conditional on a minimum of 100 observations. The sample period is (1990-01,
2021-06). Significance levels for a t-test of zero means are marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

Sammon (2024). The decreasing magnitude of the index effect is reflected in professional

publications even a decade earlier than in academic ones (see, for instance, Soe and Dash

(2008) and the web articles that referred to it).

Two stylized facts observed collectively in Table 1.6, Figure 1.4, and Figure 1.6 are
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Figure 1.6: Cumulative Abnormal Returns of Additions and Deletions Over Time

The figure shows the three-year moving average of cumulative abnormal return of S&P 500 additions
(green line), forced deletions (orange line), and discretionary deletions (red line) by year. Forced deletions
are those that were entirely delisted from the exchange within two week after their removal from the index.
Abnormal returns are calculated using Carhart (1997) four factor model, whose parameters are estimated
over a window of one-year ending 20 days prior to the observation day conditional on a minimum of 100
observations. Vertical axes report outcomes in percentage. 95% confidence intervals are shown in light
shadow around the means. The sample period is (1990-01, 2021-06).

worth mentioning. First, long-term abnormal returns for additions and discretionary

deletions both seem long-lasting. Second, the CAREff
Ann in Table 1.6 is smaller in magnitude

than the peak CAR in Figure 1.4 for both additions and discretionary deletions. It means

that a significant portion of abnormal returns in peak CARs have been realized before the

index announcements which could have influenced the index committee choice of these

firms.

The preceding section demonstrated that the price impact multiplier has exhibited a

declining trend over the past decade, independent of and beyond index decisions. This

phenomenon can potentially explain the shrinking magnitude of the index effect despite

the increasing size demand shocks, especially if it has evolved more rapidly than the

growth of passive investing. In light of these empirical observations, the remainder of
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this section formally establishes that a demand model can effectively replicate both the

magnitude of the index effect and its decreasing trend.

To provide a benchmark for appropriate price reaction to demand shifts in the absence

of information, I use the price impact regressions in Section 1.4.1 to find the counterfactual

price reaction of index additions and deletions if those events were truly mechanical (not

influenced by informational component) and examine if such predictions are in the same

magnitude of actual figures. For the model with a time-invariant coefficient estimate, I

produce a predicted return ( ˆCARi) for each added or deleted stock based on its MRF

and the estimates of coefficients in regression (4) of Table 1.2 whose outcome variable

is CAREff
Ann. Regression (4) is chosen since it measures the price reaction precisely on

the same time interval for index incumbent that we measure CAREff
Ann on for additions

and deletions. I produce the predicted value based on the model with a time-varying

coefficient in a similar manner. Crucially, in both models, I incorporate the same controls

and fix effects in making the predicted values that were used in the reference estimation.

Results of this prediction exercise are presented and discussed in multiple manners in

what follows. Appendix section A.9 verifies the linearity of price impact estimates in

response to demand shifts and discusses its implications.

Table 1.7 displays actual cumulative abnormal returns (CAREff
Ann) for additions and

discretionary deletions, as well as the difference between actual and counterfactual values

( ˆCAR
Eff

Ann) using both the time-invariant model and a time-variant model for price impact.

These differences are, in fact, the residuals of the underlying predictive regression using

information-free demand shifts and can be attributed to the informational components

in the index effect that were discussed in the literature review. If these residuals turn

out to be significantly different from zero, this would provide evidence for a material

informational component in the index effect. The table first presents full sample results,

followed by results for the post-2000 period.

In the full sample, both models fail to capture the mean cumulative abnormal re-
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Table 1.7: Comparison of Actual and Predicted Abnormal Returns

Period Additions/Deletions CAR
CAR− ˆCAR

β model βt model
Additions 3.92∗∗∗ 2.52∗∗∗ 2.18∗∗∗

full sample (0.27) (0.28) (0.28)
Discretionary Deletions -3.62∗∗∗ -1.89∗∗∗ -1.80∗∗∗

(0.55) (0.56) (0.52)
Additions 2.64∗∗∗ 0.95∗∗ 0.46

post 2000 (0.30) (0.31) (0.30)
Discretionary Deletions -3.13∗∗∗ -1.09 -0.97

(0.66) (0.67) (0.61)

This table compares the sample means of the counterfactual and actual index effects for additions and
discretionary deletions. Discretionary deletions are index deletions that are not delisted from their ex-
change at least within the next two weeks after their removal from the index. The actual index effect is
defined as the cumulative abnormal return of these stocks from the announcement to the effective day
of the changes. Abnormal returns are calculated using Carhart (1997) four factor model, whose param-
eters are estimated over a window of one-year ending 20 days prior to the observation day conditional
on a minimum of 100 observations. The counterfactual index effect represents the predicted value for
the actual index effect based on MRF and estimates of price impact (or elasticities) derived from the
sample of incumbent stocks, as discussed in Section 1.4.2. Please refer to the main text for detailed
procedural information. All returns are expressed as percentages. The model used for these predictions
is reported in the top row. Each model is estimated on the sample of index incumbents and then em-
ployed to generate the predicted values for additions and deletions using same fix effects and controls.
The sample period is (1990-01, 2021-06). Significance levels for a t-test of zero means are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

turns, with residuals significantly positive for additions and significantly negative for

discretionary deletions. This indicates that the test cannot reject the existence of in-

formation over the full sample. In the post-2000 period, the model with a fixed price

impact multiplier still cannot reject the existence of information, as the residuals remain

large-approximately one third of the entire index effect size-and significant for additions.

However, when the model with a time-varying multiplier is employed, the residuals are

smaller and statistically insignificant. This outcome suggests that demand-based expla-

nations alone are sufficient to account for the magnitude of abnormal returns observed

with S&P 500 additions and deletions. However, if the researcher fails to consider the

time-varying price impact (or elasticities), she would not be able to explain one third of

the effect size, and significant residuals might erroneously be attributed to information.

It is important to emphasize that the findings mentioned above do not entirely rule out

the relevance of all information-based explanations, such as information dissemination,
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Figure 1.7: Actual VS. counterfactual index effect

The figure shows the counterfactual (x-axis) and actual index effects (y-axis) for additions in blue and
discretionary deletions in red dots. Discretionary deletions are index deletions that are not delisted
from their exchange at least within the next two weeks after their removal from the index. The actual
index effect is defined as the cumulative abnormal return of these stocks from the announcement to the
effective day of the changes. Abnormal returns are calculated using Carhart (1997) four factor model,
whose parameters are estimated over a window of one-year ending 20 days prior to the observation day
conditional on a minimum of 100 observations. The counterfactual index effect represents the predicted
value for the actual index effect based on MRF and estimates of price impact (or elasticities) derived from
the sample of incumbent stocks, as discussed in Section 1.4.2. Please refer to the main text for detailed
procedural information. In the left figure predicted values are made using a static (time-invariant)
model, while in the right figure a dynamic model with time varying price impact multiplier is used. The
orange line shows the OLS regression of actual values on the counterfactual ones. F-statistics for a joint
hypothesis of a zero intercept and a slope of one is reported in the legends. The sample period is (1990-01,
2021-06).

investor awareness, liquidity, and attention. Indeed, these factors may individually have

some heterogeneous impact on the affected stocks. Instead, the results suggest that if
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these information-related components do exist, their effects are either rather long-term or

offset each other in the short run, resulting in a relatively minimal net marginal impact

on the average magnitude of abnormal returns post-2000. This is a plausible scenario,

given the mixed evidence regarding the influence of these components on stocks. For

instance, while improved awareness among market participants may have a positive effect

on additions, as noted in Chen et al. (2004), Bennett et al. (2023) finds that increased

scrutiny following stock additions to the S&P 500 can have adverse effects on a firm’s

performance. My methodology has the unique advantage over existing works in that it

leaves room for an aggregate informational component without taking a side on its true

nature, and then shows that although a combination of those components was materially

at work to explain the index effect as documented in earlier works, they no longer function

as such in the most recent years.

Sections A.7 and A.8 in the Appendix provide additional evidence against the hy-

pothesis that S&P 500 index decisions convey information, as they examine the long-term

returns and fundamentals associated with index additions and deletions in the post-2000

period. These sections yield two noteworthy observations: Firstly, neither calendar-time

portfolios comprising recent index additions nor those composed of recent index deletions

yield sustained alphas. Secondly, additions to the index typically occur when firms are

at their best fundamental stance rather than when they have the highest growth poten-

tial. Conversely, deletions occur when firms report a negative net income following a

trend of declining performance. These results suggest mean reversion in the firms’ per-

formance, and show that index decisions seem rather retrospective than forward-looking

in the post-2000 period.

Figure 1.7 displays a scatter plot of the actual and information-free counterfactual in-

dex effect based on the two models. Each point on the graph represents a stock addition

or discretionary deletion, with its actual CAREff
Ann on the vertical axis and its counterfac-

tual ˆCAR
Eff

Ann value on the horizontal axis. The figure also details the simple line from
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a univariate OLS regression. The aim of these scatter plots is to test a joint hypothesis:

there is no information in index effect (i.e. constant of OLS is zero, such that the mean

of the actual values is entirely captured by the counterfactuals) and correct model speci-

fication (i.e. slope is equal to one, such that for each unit of increase in the actual index

effect there is an equivalent one unit of increase in the counterfactuals). The F-statistic

for this joint test is reported in each graph. In the full sample, the F-test rejects the

hypothesis, as even visually the constant is not zero and the slope is not so close to one.

In the post-2000 period, however, the test is not rejected in either of the models, which

provides further assurance for no information in index effect in this era and correct model

specification.

Figure 1.7 also reports the R2 of the underlying regressions, which by definition are

cross-sectionally out of sample since the added and deleted stocks were not included in the

sample of the training models that were estimated on the index incumbents. The R2 of the

model with time-varying coefficients is significantly higher, reaching an impressive amount

of 18% for the post-2000 period. This is because this model more effectively captures the

variation in price reactions due to changes in market conditions. The predictions of the

time-varying model have a wider range in which both added and deleted stocks exhibit

negative and positive returns, just as in the actual returns.

So far, the findings of this section show that in the post-2000 era, index funds’ demand

shifts can explain the entire magnitude of the index effect. Figure 1.8 completes the

picture by showing that the decreasing trend of the index effect is also explained by these

demand shifts. The figure presents a three-year moving average of the index effect for

additions and discretionary deletions over time, along with the three-year moving average

of its counterfactual counterpart. We observe, once again, that in the 1990s, the small

amount of money invested in index funds cannot realistically explain the huge abnormal

returns that firms were experiencing upon additions or removals from the index, thereby

certifying another (information-related) component in the index effect. However, starting
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Figure 1.8: Actual VS. counterfactual index effect over time

The figure shows the evolution of counterfactual (dashed lines) and actual index effects (solid lines) for
additions in green and discretionary deletions in red over time. Discretionary deletions are index deletions
that are not delisted from their exchange at least within the next two weeks after their removal from
the index. The actual index effect is defined as the cumulative abnormal return of these stocks from
the announcement to the effective day of the changes. Abnormal returns are calculated using Carhart
(1997) four factor model, whose parameters are estimated over a window of one-year ending 20 days prior
to the observation day conditional on a minimum of 100 observations. The counterfactual index effect
represents the predicted value for the actual index effect based on MRF and time-varying estimates of
price impact on index incumbents discussed in Section 1.4.2, and shown in Figure1.2. Please refer to the
main text for detailed procedural information. The sample period is (1990-01, 2021-06).

from around 2000, the counterfactuals fall within the 95% confidence interval of the actual

values, and they also exhibit a decreasing trend similar to that of the actual ones.

Cai (2007) provides one of the most important evidence in favor of the information

hypothesis on S&P 500 reconstitutions by examining the price and volume reactions of

industry- and size-matched firms. He focuses exclusively on index additions and uses a

sample of additions from 1976 to 2001, finding a significantly positive price reaction but

no volume reaction for the matching firms. This suggests that the index addition conveys

favorable information not only about the added firm and but also about other firms in

its industry. In the last part of this section I partially replicate his results which focuses
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Table 1.8: Index effect and industry-matched incumbents

(1) (2) (3) (4) (5)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

SameSIC3Add 0.001∗∗
(2.49)

Post-2000=0 × SameSIC3Add 0.003∗∗
(2.34)

Post-2000=1 × SameSIC3Add 0.001
(1.34)

SameSIC3Del -0.001
(-1.61)

Post-2000=0 × SameSIC3Del 0.003
(1.44)

Post-2000=1 × SameSIC3Del -0.003∗∗∗
(-2.68)

Post-2000=0 × SameSIC3Del × Discretionary -0.007∗∗
(-1.98)

Post-2000=1 × SameSIC3Del × Discretionary 0.001
(0.73)

Controls Y Y Y Y Y
FE Y & S Y & S Y & S Y & S Y & S
N 288997 288997 288997 288997 288997
Adj. R-sq 0.006 0.006 0.006 0.006 0.006

This table reports the results of estimating panel regression in Equation (1.7) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
dummy variables if the incumbents are in the same three digit SIC industry with additions or deletions.
Discretionary is a dummy variable that is equal to one if there is a discretionary deletion in respective
reconstitution and zero otherwise. Post-2000 is dummy variable indicating year 2000 or afterwards.
Control variables include logMV (the logarithm of total market value), IWF (proprietary float factor),
βCAP M (loading on the market in the one-factor market model, estimated over a one-year window ending
20 days before the observation day), and liquidity (the average daily bid-ask spread of the stock over a
one-month window ending 20 trading days before the observation day). All regressions include control
variables, stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by
stocks are reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are
marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

directly on information.

To study the existence of the information channel following the methodology in Cai

(2007), I regress CAREff
Ann for incumbents on dummy variables that equal one if an in-
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cumbent is in the same industry as the additions and deletions. Following Cai (2007), I

define industry using two-digit or three-digit SIC codes. Table 1.8 shows the estimation

results using dummies for the same three-digit SIC industry, and Table A.13 in Appendix

section A.10 replicates it for two-digit SIC codes, drawing a similar picture. Column (1)

in Table 1.8 shows that in the full sample, incumbents in the same industry as additions

experience 10 bps more cumulative abnormal return compared to other incumbents. Col-

umn (2) uses a dummy to separate pre-2000 and post-2000 and shows that this effect

only belongs to the pre-2000 period, where same-industry firms experience 30 bps more

cumulative abnormal return, while in the post-2000 period, this effect does not continue.

The estimate in the pre-2000 era is also qualitatively similar to that of Cai (2007). So

far, I have shown that: (i) I can replicate the evidence of information in index additions

documented earlier by Cai (2007) for his sample period25, and (ii) this effect no longer

exists in the post-2000 period.

Cai (2007) does not study the information effect on S&P 500 deletions. One reason for

this could be the absence of distinguishing between forced and discretionary deletions; if

the information exists, it could go either way for forced deletions. For example, if a forced

deletion occurs because a firm is being delisted as a target of a merger and acquisition,

it could represent potentially favorable information. Conversely, if it is being liquidated

in bankruptcy, it is definitely bad news. Distinguishing between forced and discretionary

deletions enables me to extend the results in Cai (2007) and focus only on discretionary

deletions because, for forced deletions, much more significant events are happening than

simply being removed from the index.

Column (3) of Table 1.8 shows that in the full sample there doesn’t seem to be any

information effect for incumbents in the same industry as deletions. However, once I focus

on the pre- and post-2000 periods separately in Column (4), there is a negative effect on

25I could also use 1990-2001 and post-2001 to match the sample period to the end of the one in Cai
(2007), and nothing would materially change, so I prefer to stick to the pre-2000, post-2000 division to
keep it consistent with the rest of the paper
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incumbents in the same industry as deletions in the post-2000 period. When I narrow

down to the deletion effect by interacting a dummy that distinguishes discretionary dele-

tions in Column (5), a consistent picture appears again: discretionary deletions conveyed

negative information for firms in the same industry in the pre-2000 period, which was also

very large on average-70 bps-and this effect disappears in the post-2000 period. Appendix

section A.10 verifies that the demand effect documented earlier is entirely independent

of the information effects documented here. In other words, the magnitude of the price

impact multiplier is unchanged once I control for the same-industry dummies discussed

here.

1.5 Conclusion

While it is widely recognized that changes in index composition can lead to substantial

abnormal returns for affected stocks, the exact origin of these outcomes remains unclear.

Evidence linking information effects (Denis et al., 2003; Cai, 2007) and empirical studies

showing changes in firm behavior and market attention following index additions (Chen

et al., 2004; Bennett et al., 2023) raise questions about whether index funds’ demand

shifts alone can fully account for these abnormal returns or if information-based factors

unrelated to these demand shifts also play a significant role in index effect for indices that

are not rule-based, such as S&P 500.

In this paper, I leverage variations in stocks’ portfolio weights resulting from non-

fundamental sources—specifically, differences in the size and portfolio weight of index ad-

ditions and deletions. By quantifying these mechanical demand shifts, this study demon-

strates that passive index funds’ rebalancing exerts a substantial impact on stock prices,

liquidity, and volatility. Focusing on index incumbents rather than actively involved

stocks, I measure the aggregate and temporal price impact of index funds’ demand in-

dependently of informational components. The results indicate that a 1% shift in index
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funds’ demand, unrelated to information or fundamentals, results in a significant price

change of approximately 40 basis points between the announcement and implementation

of stock composition changes. This effect was most strong around the turn of the century,

and decreased afterwards, which is termed here as the flattening of demand curves.

Furthermore, I demonstrate that arbitrage plays a crucial role in efficiently pricing

stocks. Stocks with closer substitutes experience smaller price movements in response

to demand shifts, as arbitrageurs can more effectively feed to these shifts with a lower

risk stemming from offloading part of the risk on substitutes. Finally, I show that the

reduction in price impact observed earlier comoves with the overall arbitrage risk due to

closer substitutability, contributing to market efficiency.

Building on these insights, I have investigated whether demand alone can account for

the magnitude of abnormal returns experienced by S&P 500 additions and deletions. I

demonstrate that: (i) in the pre-2000 era, the index effect was too large to be reason-

ably attributed solely to the demand shifts of index funds, given their small size relative

to firms’ market capitalization; therefore, an information-based component was indeed

present in the S&P 500 index effect, and (ii) in the post-2000 era, both the magnitude

of the index effect and its decreasing trend can be explained using only a demand-based

model that features time-varying price impact multiplier, with no additional information-

based explanations required.
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Appendices

A.1 An example of incumbent weight changes

This section offers a simple example to illustrate the dynamics of index incumbent weight

changes when there is a heterogeneity in the weight of added and deleted firm(s). Assume

some firm X with a free-float market value of FFMVX is going to replace firm Y with

a free-float market value of FFMVY in the composition of S&P 500. Suppose day t + 1

is the effective day this index reconstitution and the free-float market value of all index

incumbents at the close of day t equals FFMVincs. Let firm A be a representative index

incumbent. Therefore A has already been in the index before the reconstitution and also

remains in it afterwards. Table A.1 compares the weight and size outcomes before and

after the reconstitution.

Suppose that the reconstitution results in a 1% increase in the total FFMV of index,

that is (FFMVincs + FFMVX) = (1.01) ∗ (FFMVincs + FFMVY ). The change in the

weight of A will be

57
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Table A.1: Changes happening in a reconstitution event

At the close of day t Before the open of day t+ 1
Constituents All incumbents + Y All incumbents + X
Total FFMV of index FFMVincs + FFMVY FFMVincs + FFMVX

wX 0 F F MVX

F F MVincs+F F MVX

wY F F MVY

F F MVincs+F F MVY
0

wA F F MVA

F F MVincs+F F MVY

F F MVA

F F MVincs+F F MVX

This tables summarises the changes that happen in a reconstitution day. X is a firm that is added to
the index in this day, Y is the firm that is dropped from it, and A is an already index constituent than
continues to remain in the index list. Dat t+ 1 is the effective day of this reconstitution.

∆wA
t+1 = wA

before open t+1 − wA
at the close t = FFMVA

FFMVincs + FFMVX

− FFMVA

FFMVincs + FFMVY

= wA
at the close t(

1
1.01 − 1) ' (−0.01)wA

at the close t

Therefore, in a nutshell, when a firm is added to the S&P 500 and achieves 1% more

weight in the index than the firm it has replaced, all other firms in the index will lose

about 1% of their weight in the index after this reconstitution.

Note that since this non-market-driven action has changed the index FFMV overnight,

the index divisor will be adjusted to avoid any jump in the index level. In this simple

example, index FFMV has increased 1% overnight. So the index divisor will be increased

exactly 1% as well. Therefore the last ratio in the equation (1.4) of Section 1.2 will be:

Divisort

Divisort+1
= 0.99

and this is precisely the channel through which the difference in the weight of additions

and deletions spills over the weight of index incumbents.
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A.2 Alternative Regression Specifications

Table A.2 replicates the results from Table 1.2 for the period after 2000, during which I

can utilize day fixed effects instead of year fixed effects. In the pre-2000 period, I cannot

employ day fixed effects because weight surprises on the incumbents are estimated solely

by the last term in Equation (1.4), which represents the inverse of divisor growth—a

common factor for all incumbents each day that would be entirely absorbed by the day

fixed effects. Table A.3 replicates the results without firm controls. Table A.4 performs

the same analysis but uses an alternative division of the sample period into early, mid,

and late sub-samples. All these alternative specifications show the robustness of results

in Table 1.2.
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A.3 Discussion of Theory with Multiple Substitutes

This section extends the findings of Gromb and Vayanos (2010) to scenarios involving

multiple substitute assets, drawing a direct comparison to the methodology employed in

this study. Gromb and Vayanos (2010) utilize a two stock model to quantify the pric-

ing implications of imperfect substitution, which curtails arbitrageurs’ ability to absorb

information-free demand shocks without affecting prices. In their model, Stock A expe-

riences a non-zero demand shock u, potentially shifting its price away from the expected

Table A.2: MRF and Price Impact-Including Day Fixed effects

Dependent (1) (2) (3) (4) (5) (6) (7) (8)
Variable RetEff RetEff−1 Retopen

Eff CAREff
Ann CAREff−2

Ann CAREff
Eff−1 AREff AREff−1

Mid Sample (2000-2010)
MRF 0.299 0.524∗∗ 0.145 1.006∗∗∗ 0.348∗∗ 0.658∗∗ 0.339∗ 0.318∗∗

(1.60) (2.12) (1.15) (3.08) (2.27) (2.32) (1.81) (2.48)
Adj. R-sq 0.401 0.386 0.342 0.018 0.018 0.016 0.016 0.013
N 118685 118685 118676 118676 118676 118676 118685 118676

Late Sample (2011-2021)
MRF 0.115 -0.151 0.100∗ -0.077 -0.035 -0.042 0.154 -0.196∗

(0.97) (-1.23) (1.80) (-0.40) (-0.24) (-0.22) (1.35) (-1.68)
Adj. R-sq 0.421 0.347 0.583 0.019 0.021 0.019 0.020 0.018
N 90290 90290 90290 90286 90286 90286 90290 90286
Controls Y Y Y Y Y Y Y Y
Stock-FE Y Y Y Y Y Y Y Y
Day-FE Y Y Y Y Y Y Y Y

This table presents the results of estimating the panel regression specified in Equation (1.7) for index
incumbents. Results are produced separately for two sub-samples: Mid (2000-2010), and Late (2011-
2021). The Early sample is not included because for that period the day fixed effects absorb the effect
of MRF as due to data availability only the divisor growth is used in making the MRF measures of
demand shifts. Please discuss the main text for more details on data preparation. The independent
variable is MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on
reconstitution day t (proportional to the previous day’s market value) due to mechanical weight changes
in the index portfolio. Control variables include logMV (the logarithm of total market value), IWF
(proprietary float factor), βCAP M (loading on the market in the one-factor market model, estimated over
a one-year window ending 20 days before the observation day), and liquidity (the average daily bid-ask
spread of the stock over a one-month window ending 20 trading days before the observation day). All
regressions include control variables, stock fixed effects, and day fixed effects. All abnormal returns are
calculated using coefficients from a four-factor Carhart (1997) model incorporating a moving window of
[-365, -20] days prior to the day under study, conditional on having 100 observations. T-statistics based
on standard errors clustered by stocks are reported in parentheses. Significance levels are denoted as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.



A.3. DISCUSSION OF THEORY WITH MULTIPLE SUBSTITUTES 61

Table A.3: MRF and Price Impact-Excluding Firm Controls

Dependent (1) (2) (3) (4) (5) (6) (7) (8)
Variable RetEff RetEff−1 Retopen

Eff CAREff
Ann CAREff−2

Ann CAREff
Eff−1 AREff AREff−1

Full Sample (2000-2021)
MRF 0.477∗∗∗ 0.693∗∗∗ 0.234∗∗∗ 0.383∗∗∗ 0.163∗∗ 0.220∗∗∗ 0.140∗∗ 0.080∗

(7.14) (8.70) (5.88) (3.58) (2.13) (2.73) (2.51) (1.73)
Adj. R-sq 0.016 0.021 0.016 0.004 0.003 0.002 0.001 0.002
N 308750 308750 295250 308726 308726 308726 308750 308726

Early Sample (1990-1999)
MRF 0.759∗∗∗ 0.970∗∗∗ 0.248∗∗∗ 0.345∗∗∗ 0.184∗ 0.162∗∗ 0.063 0.100∗

(13.57) (16.25) (9.87) (2.79) (1.87) (2.24) (1.13) (1.81)
Adj. R-sq 0.012 0.013 0.007 0.011 0.009 0.004 0.003 0.002
N 93755 93755 80681 93746 93746 93746 93755 93746

Mid Sample (2000-2010)
MRF -0.143 0.693∗∗∗ 0.112 0.950∗∗∗ 0.359∗∗ 0.591∗∗ 0.295 0.296∗∗

(-0.89) (2.66) (0.92) (3.06) (2.29) (2.22) (1.61) (2.51)
Adj. R-sq 0.015 0.022 0.016 0.006 0.005 0.002 0.001 0.002
N 124702 124702 124276 124692 124692 124692 124702 124692

Late Sample (2011-2021)
MRF 0.318∗ -0.127 0.334∗∗∗ -0.075 -0.077 0.002 0.203∗ -0.201∗

(1.71) (-1.10) (3.41) (-0.39) (-0.53) (0.01) (1.65) (-1.68)
Adj. R-sq 0.020 0.005 0.021 0.007 0.004 0.004 0.002 0.006
N 90290 90290 90290 90286 90286 90286 90290 90286
Controls N N N N N N N N
Stock-FE Y Y Y Y Y Y Y Y
Year-FE Y Y Y Y Y Y Y Y

This table presents the results of estimating the panel regression specified in Equation (1.7) for index in-
cumbents without firms controls. The full sample comprises all incumbent observations on reconstitution
days throughout the entire sample period (1990-01 to 2021-06). Results are then replicated separately for
three sub-samples: Early (1990-1999), Mid (2000-2010), and Late (2011-2021). The bottom rows assess
the statistical significance of the differences between sub-sample estimates. The independent variable is
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio. All regressions include stock fixed effects, and year fixed effects. All abnormal returns are
calculated using coefficients from a four-factor Carhart (1997) model incorporating a moving window of
[-365, -20] days prior to the day under study, conditional on having 100 observations. T-statistics based
on standard errors clustered by stocks are reported in parentheses. Significance levels are denoted as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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Table A.4: MRF and Price Impact-Alternative Division of Sample Period

Dependent (1) (2) (3) (4) (5) (6) (7) (8)
Variable RetEff RetEff−1 Retopen

Eff CAREff
Ann CAREff−2

Ann CAREff
Eff−1 AREff AREff−1

Early Sample (1990-1999)
MRF 0.869∗∗∗ 1.150∗∗∗ 0.254∗∗∗ 0.348∗∗ 0.175 0.174∗∗ 0.059 0.116∗∗

(14.23) (18.75) (10.05) (2.50) (1.57) (2.22) (0.98) (2.05)
Adj. R-sq 0.010 0.017 0.007 0.017 0.017 0.004 0.005 0.003
N 80042 80042 79189 80033 80033 80033 80042 80033

Mid Sample (2000-2009)
MRF -0.085 0.797∗∗∗ 0.132 1.103∗∗∗ 0.457∗∗∗ 0.647∗∗ 0.303 0.344∗∗∗

(-0.55) (2.63) (1.05) (3.27) (2.87) (2.28) (1.62) (2.62)
Adj. R-sq 0.017 0.032 0.016 0.010 0.008 0.004 0.004 0.005
N 112835 112835 112826 112826 112826 112826 112835 112826

Late Sample (2010-2021)
MRF 0.202 -0.139 0.280∗∗∗ -0.106 -0.076 -0.031 0.178 -0.209∗

(1.15) (-1.23) (3.05) (-0.55) (-0.54) (-0.16) (1.53) (-1.79)
Adj. R-sq 0.019 0.010 0.025 0.009 0.007 0.004 0.004 0.007
N 96135 96135 96135 96130 96130 96130 96135 96130
Controls Y Y Y Y Y Y Y Y
Stock-FE Y Y Y Y Y Y Y Y
Year-FE Y Y Y Y Y Y Y Y

This table presents the results of estimating the panel regression specified in Equation (1.7) for index
incumbents for an alternative division of sample periods into three sub-periods. The full sample comprises
all incumbent observations on reconstitution days throughout the entire sample period (1990-01 to 2021-
06). Results are then replicated separately for three sub-samples: Early (1990-1999), Mid (2000-2010),
and Late (2011-2021). The bottom rows assess the statistical significance of the differences between sub-
sample estimates. The independent variable is MRF j

t , representing the dollar amount of money flowing
into or withdrawn from stock j on reconstitution day t (proportional to the previous day’s market value)
due to mechanical weight changes in the index portfolio. Control variables include logMV (the logarithm
of total market value), IWF (proprietary float factor), βCAP M (loading on the market in the one-factor
market model, estimated over a one-year window ending 20 days before the observation day), and liquidity
(the average daily bid-ask spread of the stock over a one-month window ending 20 trading days before the
observation day). All regressions include control variables, stock fixed effects, and year fixed effects. All
abnormal returns are calculated using coefficients from a four-factor Carhart (1997) model incorporating
a moving window of [-365, -20] days prior to the day under study, conditional on having 100 observations.
T-statistics based on standard errors clustered by stocks are reported in parentheses. Significance levels
are denoted as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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payoff d̄A. Arbitrageurs in their framework utilize Stock B as the sole substitute asset to

correct mispricing, albeit imperfectly when assets are not perfect substitutes.

They establish that in equilibrium, the price of Asset A can be expressed as:

pA = d̄A + ασ2
A(1− ρ2)u (A.1)

where initially the steady-state price equals the intrinsic value d̄A. This formulation

implies that the price impact of a demand shock u is

pA − d̄A

d̄A

= ασ2
A(1− ρ2) u

d̄A

(A.2)

This relationship highlights several key insights: Firstly, larger demand shocks exert a

greater price impact
(
∂pA/∂u > 0

)
as arbitrageurs require higher compensation for bearing

increased risk. Secondly, a given demand shock u induces a more pronounced price impact

when arbitrageurs exhibit greater risk aversion (α) and when Asset A’s payoff uncertainty

(σA) is heightened, as both conditions necessitate higher risk premiums. Moreover, the

shock’s impact intensifies when Asset A’s payoff is less correlated with Asset B’s (|ρ|),

reducing arbitrageurs’ hedging effectiveness with Asset B. Thus, assets characterized by

higher idiosyncratic risk and fewer substitutes exhibit heightened sensitivity to demand

shocks. I want to show that the part σ2
A(1−ρ2) is equivalent to the arbitrage risk measure

used in this study in the case of multiple assets.

Now, consider running an OLS regression of Asset A’s return on that of Asset B, as

follows:

rA
t = βrB

t + εt (A.3)

In this setting, the expected values of the regression coefficient and R2 are given by:

E[β] = cov(rA, rB)
var(rB) = ρ

σA

σB

(A.4)
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E[R2] = β2var(rB
t )/var(rA

t ) = ρ2σ
2
A

σ2
B

∗ σ
2
B

σ2
A

= ρ2. (A.5)

Therefore, the variance of the residuals in such a regression is exactly: var(ε) = (1−R2)∗

var(rA) = (1 − ρ2)σ2
A. This quantity represents the total variance of a long position in

Asset A (σ2
A) minus what the arbitrageur can hedge using an asset with only a correlation

ρ, that is ρ2σ2
A.

This simple derivation shows that the coefficient in the price impact multiplier in the

two-stock model of Gromb and Vayanos (2010) is equivalent to the variance of residuals in

a regression of the impacted asset’s return on its substitute’s return, which in their model

is only asset B. However, the intuition can be extended to cases with multiple substitutes.

In such instances, arbitrageurs still bear residual risk even after forming the optimal linear

combination of substitutes as their hedging position. This residual risk can similarly be

quantified by the variance of residuals from an OLS regression of the impacted asset’s

return on the returns of its substitutes, which is the measure of arbitrage risk in this

study. Importantly, the coefficients from this regression also indicate the optimal hedging

positions.
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A.4 Summary Statistics of Arbitrage Risk Measures

Table A.5 describes the summary statistics of arbitrage risk measures separately for index

incumbents, additions, discretionary deletions and forced deletions.

Table A.5: Arbitrage Risk Summary Description

Variable Mean SD p25 p50 p75 N
Index Incumbents

A1 (*104) 4.11 5.67 1.35 2.44 4.73 308753
A2 (*104) 3.87 5.45 1.26 2.32 4.43 305430
A0 (*104) 5.87 8.38 1.98 3.46 6.52 308753
E1 (*104) 1.76 3.47 0.36 0.75 1.62 308753
E2 (*104) 2.02 4.18 0.37 0.82 1.96 305430
R1 0.28 0.18 0.13 0.25 0.40 308753
R2 0.32 0.22 0.13 0.28 0.47 305430

Index Additions
A1 (*104) 5.80 6.85 1.88 3.57 6.85 652
A2 (*104) 5.52 6.67 1.77 3.15 6.49 649
A0 (*104) 7.95 9.87 2.55 4.56 9.32 661
E1 (*104) 2.14 3.71 0.39 0.93 2.09 652
E2 (*104) 2.43 4.81 0.40 0.96 2.47 649
R1 0.24 0.15 0.13 0.22 0.33 652
R2 0.28 0.20 0.11 0.25 0.41 649

Discretionary Index Deletions
A1 (*104) 11.35 15.55 3.33 6.52 13.56 326
A2 (*104) 10.82 15.45 3.29 5.92 12.54 315
A0 (*104) 14.56 19.22 4.31 7.83 16.88 326
E1 (*104) 3.21 6.09 0.40 0.96 2.51 326
E2 (*104) 3.80 7.60 0.27 0.83 3.34 315
R1 0.20 0.17 0.06 0.14 0.31 326
R2 0.22 0.22 0.04 0.15 0.35 315

Forced Index Deletions
A1 (*104) 7.06 10.80 2.25 4.03 7.33 413
A2 (*104) 6.36 9.33 1.84 3.38 6.73 237
A0 (*104) 8.67 14.08 2.77 4.76 8.63 414
E1 (*104) 1.62 4.26 0.22 0.50 1.34 413
E2 (*104) 1.81 4.44 0.20 0.53 1.53 237
R1 0.17 0.14 0.06 0.13 0.25 413
R2 0.20 0.20 0.06 0.14 0.32 237

This table provides a comprehensive overview of arbitrage risk and related metrics for the sample stocks.
Two stock-specific arbitrage-risk measures, following the methodology of Wurgler and Zhuravskaya (2002),
were constructed using daily returns over a calendar window from [−365,−20] days. The first measure,
A1i, represents the variance of residuals from the model Rit − Rft = βi(Rmt − Rft) + εit, where Rmt

denotes the return on CRSP’s value-weighted index and Rft is the risk-free rate. The second measure, A2i,
measures the residual variance of Rit−Rft = β1i(Rsub1it−Rft)+β2i(Rsub2it−Rft)+β3i(Rsub3it−Rft)+εit,
withRsub1it, Rsub2it, andRsub3it representing returns on three closest industry-, size-, and book-to-market-
matched "substitute" stocks, matched using Fama and French 49 industry classifications. Total variance
of excess returns A0it = Var(Rit−Rft) is estimated over the same interval as the arbitrage-risk measures.
E1i represents the “explained" variance Var(Rit−Rfi)−A1i, while R1i is the ratio of explained variance
E1i to total variance A0i. E2i and R2i are defined analogously. All variables except ratios in the table
are multiplied by (104) for the sake of readability. The sample period spans from January 2000 to June
2021.
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A.5 Alternative Measures of Arbitrage risk

The main body of this study uses two measures of arbitrage risk that mirror those in-

troduced by Wurgler and Zhuravskaya (2002). The two measures differ in their set of

substitutes such that A1 uses (on top of the risk-free rate) the entire market as the sub-

stitute for all stocks, while A2 uses three stocks matched on industry and quintiles of

size and book-to-market ratio. Please discuss the main text for procedural details. In a

way, A1 uses one macro-themed substitute for all the stocks, while A2 uses micro-matched

substitutes.

This section expands the arbitrage risk measures by considering alternative substitutes.

Specifically, I consider the following alternative sets of substitutes: five stocks matched on

industry and quintiles of size and book-to-market ratio (A2− 0− 5), en stocks matched

on industry and quintiles of size and book-to-market ratio (A2 − 0 − 10), the market

along with three stocks matched on industry and quintiles of size and book-to-market

ratio (A3− 1− 3), and Fama and French (1992) three factors plus three stocks matched

on industry and quintiles of size and book-to-market ratio (A3− 3− 3).

The naming convention is such that Ai − j − k refers to the variance of residuals of

stocks’ excess returns after the optimal hedge with j macro factors (the market if j = 1

and Fama and French (1992) three factors if j = 3) and k individual stocks matched

on industry and quintiles of size and book-to-market ratio with the stock under study.

If i = 1, this arbitrage risk uses only macro substitutes; if i = 2, it uses only micro

substitutes; and if i = 3, it employs a mix of macro and micro substitutes. Using this

naming convention, the measures A1 and A2 in the main text would have been called

A1− 1− 0 and A2− 0− 3.

Table A.6 describes the distribution of A2 − 0 − 5 and A2 − 0 − 10, while Table A.7

presents the distribution for A3− 1− 3 and A3− 3− 3. The regression results from Table

1.4 are then replicated for these alternative arbitrage risk measures in Tables A.8 and A.9.
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As readers can verify, these alternative measures only strengthen the findings presented

in the main text.

Table A.6: Alternative Micro Arbitrage Risk Measures-Summary Description

Variable Mean SD p25 p50 p75 N
Index Incumbents

A2− 0− 5 (*104) 3.61 5.13 1.16 2.16 4.13 305315
A2− 0− 10 (*104) 3.21 4.71 1.01 1.90 3.66 274279
E2− 0− 5 (*104) 2.28 4.52 0.47 0.98 2.25 305315
E2− 0− 10 (*104) 2.65 5.00 0.61 1.21 2.65 274279
R2− 0− 5 0.36 0.22 0.17 0.33 0.53 305315
R2− 0− 10 0.42 0.22 0.24 0.41 0.60 274279

Index Additions
A2− 0− 5 (*104) 5.15 6.36 1.62 3.01 5.95 649
A2− 0− 10 (*104) 4.24 5.20 1.45 2.65 5.04 558
E2− 0− 5 (*104) 2.80 5.15 0.53 1.23 2.88 649
E2− 0− 10 (*104) 3.05 5.05 0.70 1.44 3.35 558
R2− 0− 5 0.33 0.21 0.15 0.31 0.46 649
R2− 0− 10 0.39 0.21 0.23 0.38 0.54 558

Discretionary Index Deletions
A2− 0− 5 (*104) 10.37 15.10 3.14 5.57 11.98 315
A2− 0− 10 (*104) 9.42 13.35 2.68 5.12 10.18 266
E2− 0− 5 (*104) 4.25 8.08 0.39 1.20 4.00 315
E2− 0− 10 (*104) 4.78 9.09 0.66 1.60 5.47 266
R2− 0− 5 0.25 0.23 0.06 0.19 0.43 315
R2− 0− 10 0.30 0.25 0.10 0.25 0.50 266

Forced Index Deletions
A2− 0− 5 (*104) 6.12 9.16 1.74 3.24 6.55 237
A2− 0− 10 (*104) 5.39 7.75 1.53 2.92 6.17 209
E2− 0− 5 (*104) 2.05 4.64 0.31 0.77 1.70 237
E2− 0− 10 (*104) 2.44 5.30 0.40 1.03 2.11 209
R2− 0− 5 0.25 0.21 0.09 0.19 0.36 237
R2− 0− 10 0.30 0.22 0.13 0.24 0.44 209

This table provides a comprehensive overview of arbitrage risk and related metrics for the sample stocks.
Two stock-specific arbitrage-risk measures, following the methodology of Wurgler and Zhuravskaya (2002),
were constructed using daily returns over a calendar window from [−365,−20] days. The first measure,
A1i, represents the variance of residuals from the model Rit − Rft = βi(Rmt − Rft) + εit, where Rmt

denotes the return on CRSP’s value-weighted index and Rft is the risk-free rate. The second measure, A2i,
measures the residual variance of Rit−Rft = β1i(Rsub1it−Rft)+β2i(Rsub2it−Rft)+β3i(Rsub3it−Rft)+εit,
withRsub1it, Rsub2it, andRsub3it representing returns on three closest industry-, size-, and book-to-market-
matched "substitute" stocks, matched using Fama and French 49 industry classifications. Total variance
of excess returns A0it = Var(Rit−Rft) is estimated over the same interval as the arbitrage-risk measures.
E1i represents the “explained" variance Var(Rit−Rfi)−A1i, while R1i is the ratio of explained variance
E1i to total variance A0i. E2i and R2i are defined analogously. All variables except ratios in the table
are multiplied by (104) for the sake of readability. The sample period spans from January 2000 to June
2021.
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Table A.7: Alternative Mixed Arbitrage Risk Measures-Summary Description

Variable Mean SD p25 p50 p75 N
Index Incumbents

A3− 1− 3 (*104) 3.50 5.00 1.11 2.06 4.01 305430
A3− 3− 3 (*104) 3.37 4.74 1.08 2.01 3.87 305430
E3− 1− 3 (*104) 2.39 4.48 0.56 1.09 2.33 305430
E3− 3− 3 (*104) 2.52 4.72 0.61 1.17 2.46 305430
R3− 1− 3 0.38 0.21 0.22 0.36 0.54 305430
R3− 3− 3 0.40 0.21 0.24 0.38 0.56 305430

Index Additions
A3− 1− 3 (*104) 5.02 6.04 1.58 2.91 5.81 649
A3− 3− 3 (*104) 4.83 5.74 1.56 2.77 5.60 649
E3− 1− 3 (*104) 2.93 5.18 0.60 1.30 2.95 649
E3− 3− 3 (*104) 3.12 5.40 0.68 1.43 3.14 649
R3− 1− 3 0.34 0.19 0.19 0.33 0.47 649
R3− 3− 3 0.36 0.19 0.21 0.36 0.49 649

Discretionary Index Deletions
A3− 1− 3 (*104) 10.14 14.90 2.96 5.52 11.27 315
A3− 3− 3 (*104) 9.73 14.24 2.87 5.29 10.99 315
E3− 1− 3 (*104) 4.48 8.08 0.61 1.39 4.27 315
E3− 3− 3 (*104) 4.89 8.79 0.71 1.53 4.75 315
R3− 1− 3 0.28 0.22 0.09 0.22 0.45 315
R3− 3− 3 0.30 0.23 0.10 0.25 0.47 315

Forced Index Deletions
A3− 1− 3 (*104) 6.02 8.90 1.70 3.22 6.37 237
A3− 3− 3 (*104) 5.89 8.69 1.67 3.18 6.26 237
E3− 1− 3 (*104) 2.15 4.83 0.36 0.75 1.71 237
E3− 3− 3 (*104) 2.27 5.06 0.39 0.79 1.93 237
R3− 1− 3 0.25 0.20 0.09 0.21 0.37 237
R3− 3− 3 0.26 0.20 0.11 0.23 0.38 237

This table provides a comprehensive overview of arbitrage risk and related metrics for the sample stocks.
Two stock-specific arbitrage-risk measures, following the methodology of Wurgler and Zhuravskaya (2002),
were constructed using daily returns over a calendar window from [−365,−20] days. The first measure,
A1i, represents the variance of residuals from the model Rit − Rft = βi(Rmt − Rft) + εit, where Rmt

denotes the return on CRSP’s value-weighted index and Rft is the risk-free rate. The second measure, A2i,
measures the residual variance of Rit−Rft = β1i(Rsub1it−Rft)+β2i(Rsub2it−Rft)+β3i(Rsub3it−Rft)+εit,
withRsub1it, Rsub2it, andRsub3it representing returns on three closest industry-, size-, and book-to-market-
matched "substitute" stocks, matched using Fama and French 49 industry classifications. Total variance
of excess returns A0it = Var(Rit−Rft) is estimated over the same interval as the arbitrage-risk measures.
E1i represents the “explained" variance Var(Rit−Rfi)−A1i, while R1i is the ratio of explained variance
E1i to total variance A0i. E2i and R2i are defined analogously. All variables except ratios in the table
are multiplied by (104) for the sake of readability. The sample period spans from January 2000 to June
2021.
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Table A.8: MRF and Alternative Micro Arbitrage Risk Measures

(1) (2) (3) (4) (5) (6)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann

MRF 0.151 0.340 0.105 0.087 0.363 0.064
(0.99) (1.45) (0.67) (0.57) (1.46) (0.39)

A2− 0− 5N 0.001∗∗∗ 0.002 0.001∗∗∗
(5.45) (1.61) (4.68)

MRF × A2− 0− 5N 0.355 -0.033 0.629∗∗∗
(1.64) (-0.10) (4.43)

A2− 0− 10N 0.001∗∗∗ 0.002∗ 0.001∗∗∗
(4.90) (1.86) (4.27)

MRF × A2− 0− 10N 0.447∗∗ -0.042 0.621∗∗∗
(2.22) (-0.13) (4.32)

Sample All Pre 2000 Post 2000 All Pre 2000 Post 2000
N 285950 78205 207744 257365 67505 189859
Adj. R-sq 0.007 0.018 0.008 0.007 0.019 0.009

This table reports the results of estimating panel regression in Equation (1.9) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio, and the arbitrage risk measures divided by their standard deviation for the ease of interpretation.
Arbitrage risk measures are calculated as the variance of residuals from regressing one stock’s excess return
on the market’s excess return over a window of [-365, -20] prior days (A1), or on the excess return of the
three closest industry-, size-, and book-to-market-matched "substitute" stocks (A2). These substitutes
are matched using quintiles of size and book-to-market, employing the 49 industry classifications from
Fama and French (1997). For further details, refer to Wurgler and Zhuravskaya (2002). Control variables
include logMV (the logarithm of total market value), IWF (proprietary float factor), βCAP M (loading
on the market in the one-factor market model, estimated over a one-year window ending 20 days before
the observation day), and liquidity (the average daily bid-ask spread of the stock over a one-month
window ending 20 trading days before the observation day). All regressions include control variables,
stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by stocks are
reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

A.6 Demand and Volatility

This section studies the relation between non-fundamental demand shifts and stocks’

volatility. For the measure of daily volatility, I use stocks’ normalized price range as

defined as the following equation

Rangejt =
PHigh

jt − PLow
jt

P close
j,t−1

, (A.6)
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Table A.9: MRF and Alternative Mixed Arbitrage Risk Measures

(1) (2) (3) (4) (5) (6)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann

MRF 0.153 0.289 0.097 0.144 0.291 0.089
(1.01) (1.23) (0.61) (0.95) (1.23) (0.57)

A3− 1− 3N 0.002∗∗∗ 0.003∗∗ 0.001∗∗∗
(5.70) (2.13) (4.80)

MRF × A3− 1− 3N 0.347∗ 0.029 0.606∗∗∗
(1.66) (0.09) (4.45)

A3− 3− 3N 0.002∗∗∗ 0.003∗∗ 0.001∗∗∗
(5.77) (2.02) (4.93)

MRF × A3− 3− 3N 0.350∗ 0.027 0.604∗∗∗
(1.72) (0.09) (5.09)

Sample All Pre 2000 Post 2000 All Pre 2000 Post 2000
N 286060 78208 207851 286060 78208 207851
Adj. R-sq 0.007 0.018 0.008 0.007 0.018 0.008

This table reports the results of estimating panel regression in Equation (1.9) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio, and the arbitrage risk measures divided by their standard deviation for the ease of interpretation.
Arbitrage risk measures are calculated as the variance of residuals from regressing one stock’s excess return
on the market’s excess return over a window of [-365, -20] prior days (A1), or on the excess return of the
three closest industry-, size-, and book-to-market-matched "substitute" stocks (A2). These substitutes
are matched using quintiles of size and book-to-market, employing the 49 industry classifications from
Fama and French (1997). For further details, refer to Wurgler and Zhuravskaya (2002). Control variables
include logMV (the logarithm of total market value), IWF (proprietary float factor), βCAP M (loading
on the market in the one-factor market model, estimated over a one-year window ending 20 days before
the observation day), and liquidity (the average daily bid-ask spread of the stock over a one-month
window ending 20 trading days before the observation day). All regressions include control variables,
stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by stocks are
reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

that is the difference between high and low prices normalized by the previous day’s closing

price.

The estimation results are reported in Table A.10. The coefficient estimates of abs(MRF )

are around 0.4, regardless of the controls and fixed effects. The coefficient changes only

marginally when the average of the dependent variable in the previous month is added

to the regressors. In terms of economic significance, given that the standard deviations

of MRF and Range are approximately 0.083% and 2.4%, respectively, a one standard
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Table A.10: MRF and Volatility

(1) (2) (3) (4)
Ranget Ranget Ranget Ranget

abs(MRF ) 0.384∗∗∗
(5.73)

MRF > 0=0 × abs(MRF ) -0.253
(-1.45)

MRF > 0=1 × abs(MRF ) 0.317∗∗∗
(2.67)

Q− AvgRangeM=1 × abs(MRF ) -0.237∗∗∗
(-2.91)

Q− AvgRangeM=2 × abs(MRF ) -0.304∗∗∗
(-3.40)

Q− AvgRangeM=3 × abs(MRF ) 0.141∗
(1.95)

Q− AvgRangeM=4 × abs(MRF ) 1.954∗∗∗
(16.55)

era=0 × abs(MRF ) 0.590∗∗∗
(12.53)

era=1 × abs(MRF ) 0.212
(1.07)

era=2 × abs(MRF ) 0.136
(1.01)

Controls Y Y Y Y
FE Y & S Y & S Y & S Y & S
N 289014 208977 289014 289014
Adj. R-sq 0.412 0.626 0.413 0.399

This table reports the results of estimating panel regression in Equation (1.7) for index incumbents when
the dependent variable is daily volatility, measured as the daily price range (high - low) over the previous
day’s closing price. The sample includes all incumbent observations in the reconstitution days in the
sample period (1990-01, 2021-06). The independent variable is the absolute value of MRF i

t , the surprise
dollar amount of money flowed into stock i at the reconstitution day t (proportional to the previous day’s
market value) as a result of the mechanical rebalancing of index funds. Control variables include logMV
(the logarithm of proprietary total market value), IWF (proprietary float factor), and βCAP M (loading
on the market in the one-factor market model). T-statistics based on standard errors double-clustered by
stock and day are in parentheses. Significance levels are marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.

deviation increase in MRF results in an increase in the daily stock turnover that is 1.3%

of this variable’s sample standard deviation.

Regression (3) indicates that the increase in daily volatility of stocks is larger for

positive demand shifts. This complements the earlier discussion on arbitrage risk. When

the demand shift is positive (i.e., indexers need to buy a stock), arbitrageurs must sell

to them, possibly through short selling, which incurs costs. The arbitrageur, facing short
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selling costs, is willing to sell to the indexers only at a higher price to compensate for

the additional cost of short selling. This finding aligns with the theoretical prediction in

Gromb and Vayanos (2010) that in the presence of short selling costs, the price effect of

demand shifts can be asymmetric.

Regressions (4) and (8) provide additional insights by demonstrating that the average

increase in volatility resulting from index funds’ rebalancing is not significantly different

for stocks that are unconditionally more or less volatile. In other words, the impact on

volatility due to index funds’ rebalancing does not depend on a stock’s inherent level of

volatility, measured as the quartiles of daily volatility in the past month.

The findings in this section also contribute to the understanding of the excess volatil-

ity puzzle1. Basak and Pavlova (2013) employ a theoretical framework demonstrating

how index funds can amplify volatility within their benchmark stocks and across the

broader stock market. Among the empirical works, Ben-David et al. (2018) illustrate that

ETFs, primarily passive index trackers, can increase the volatility of their portfolio stocks

through a liquidity channel. They show that ETFs may elevate the non-fundamental

volatility of securities in their baskets by transmitting liquidity shocks to underlying se-

curities via arbitrage activities. The findings in this section further support the notion

that demand shifts unrelated to fundamentals can amplify stock price volatility. However,

unlike the liquidity channel discussed in Ben-David et al. (2018), the volatility increase

here arises from direct trades by indexers in an imperfectly efficient market rather than

through arbitrage between ETF prices and underlying basket prices.

1The excess volatility puzzle (Shiller, 1981) is the observation in financial markets that asset price
volatility exceeds what can be explained by changes in underlying fundamentals. Specifically for stocks,
it refers to the phenomenon where stock prices fluctuate more than can be justified by changes in expected
dividends or earnings of firms.
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A.7 Long-term Returns

This section investigates the returns of S&P additions and deletions over longer horizons.

The purpose is to determine whether adding a company to the index is a form of reward for

its past exemplary performance or a reflection of its future potential for success. Similarly,

it aims to discern whether removal from the index is a penalty for substandard past

performance or a result of inferior prospects. The findings indicate that S&P inclusion

and exclusion decisions are more closely linked to a company’s past performance and

stock returns, thereby doubting the hypothesis that these decisions are based on insider

information or superior analytical power. I consider only discretionary deletions in this

Figure A.1: Calendar-time portfolio returns over time

The figure shows the annual returns of the calendar-time portfolios constructed by recently added (green)
and recently deleted (red) stocks. The annual return of the S&P 500 total return index (blue) is added
as a benchmark. The holding period of the stocks in the portfolios after the event is mentioned above
the figures. The sample period is (2000-01, 2021-06).
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section since forced deletions don’t exist after the event.

To examine long-term returns, I employed calendar-time portfolios due to their ability

to account for cross-sectional correlation among constituent stocks within the portfolio,

as opposed to CARs. In addition, these portfolios offer a practical investment strategy.

I created two groups of equal-weighted portfolios based on recently added and deleted

stocks using the following approach: for each holding period of N days, the corresponding

portfolios are comprised of stocks added to or removed from the index during the preceding

N days. I repeated this strategy for multiple holding periods to identify trends. These

portfolios were constructed at the outset of the sample period and rebalanced daily until

the end of it. Dividends were reinvested in the corresponding stocks. If a portfolio was

empty in a day, its value was kept still until the next time a stock was added to it.

Figure A.1 shows each year’s annual return of constructed portfolios. S&P 500 total

return index is also added to the figures for better comparison. While there are many

variations between the added and the deleted portfolios for short holding periods, there

is virtually no difference between their returns in longer horizons. Furthermore, in most

of the years, the direction of their returns agrees with that of the index.

Table A.11 presents a comparison of portfolio returns in a different manner. First,

long-horizon portfolios that held assets in them for over a year generated a larger average

return than the index. However, their sharp ratios were much lower than that of the

index. Second, none of the portfolios, including the index, produced a positive alpha.

In particular, both portfolios yielded a negative and significant alpha for short holding

periods. These findings provide evidence against the information hypothesis. Third, Chan

et al. (2013) found positive and significant alphas on similar equal-weighted calendar-time

portfolios using a sample that predates the one used in this study. Therefore, it appears

that even if S&P 500 changes were informative in the past, they are no longer so.
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Table A.11: Calendar-time portfolio return characteristics

Portfolio Holding
Period Mean STD Sharpe

Ratio
Num
Stocks α βMKT βSMB βHML βUMD R2

S&P 500 - 0.67 4.35 0.12 501.46 0.01 0.98∗∗∗ -0.17∗∗∗ 0.02∗∗∗ -0.02∗∗∗ 99.51
Additions 1 month -0.42 8.06 -0.07 2.01 -1.22∗∗∗ 0.94∗∗∗ 0.42∗∗∗ -0.01 0.09 33.51
Additions 3 months 0.35 7.14 0.03 6.00 -0.57∗ 1.12∗∗∗ 0.46∗∗∗ -0.09 0.14∗∗ 59.24
Additions 6 months 0.60 6.38 0.07 11.96 -0.28 1.15∗∗∗ 0.32∗∗∗ -0.16∗∗ 0.10∗∗ 73.33
Additions 1 year 0.57 6.13 0.07 23.95 -0.25 1.10∗∗∗ 0.34∗∗∗ -0.28∗∗∗ -0.05 83.07
Additions 2 years 0.69 6.27 0.09 46.62 -0.12 1.12∗∗∗ 0.32∗∗∗ -0.26∗∗∗ -0.15∗∗∗ 86.65
Additions 5 years 0.73 6.52 0.09 105.52 -0.12 1.15∗∗∗ 0.39∗∗∗ -0.19∗∗∗ -0.21∗∗∗ 89.24
Deletions 1 month -0.30 6.18 -0.05 0.88 -0.84∗∗ 0.52∗∗∗ 0.40∗∗∗ -0.00 0.01 23.23
Deletions 3 month 0.12 6.49 -0.00 2.59 -0.68∗∗ 0.97∗∗∗ 0.41∗∗∗ -0.17∗∗ 0.06 56.62
Deletions 6 month 0.59 6.31 0.07 5.08 -0.28 1.12∗∗∗ 0.36∗∗∗ -0.18∗∗∗ 0.09∗∗ 73.39
Deletions 1 year 0.61 6.09 0.08 10.02 -0.21 1.09∗∗∗ 0.36∗∗∗ -0.29∗∗∗ -0.06∗ 83.58
Deletions 2 years 0.73 6.23 0.10 18.95 -0.08 1.11∗∗∗ 0.35∗∗∗ -0.27∗∗∗ -0.15∗∗∗ 87.13
Deletions 5 years 0.76 6.48 0.10 40.23 -0.08 1.13∗∗∗ 0.41∗∗∗ -0.20∗∗∗ -0.22∗∗∗ 89.72

The table compares the monthly returns of the calendar-time portfolio constructed by recently added or
deleted stocks. The second column indicates how long each stock is held in the portfolio after the event.
Each stock’s dividends are reinvested in it, and the first row shows similar measures for the S&P 500
total return index as a benchmark. Columns (3) and (4)) show, respectively, the arithmetic mean and
standard deviation of monthly returns. Column (5) measures the Sharpe ratio, defined as the average of
monthly excess returns over their standard deviation. Column (6) shows the average number of stocks in
the portfolios. Columns (7) to (12) show the results of the regression of monthly returns based on Carhart
(1997) four-factor model. The sample period is (2000-01, 2021-06). Significance levels are marked as:
∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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A.8 Fundamental Analysis

In this section, I analyze the fundamental characteristics of the stocks added and deleted

from the S&P 500 index using an event-study approach. The study uses financial ratios

to ensure comparability, with quarter zero representing the last fiscal quarter for which

balance sheet data was available at the time of the index announcement. To measure

profitability and efficiency, I consider three key metrics: Return on Assets (ROA), Profit

Margin (net income/sales), and Operating ROA (operating income/assets), where oper-

ating income is defined as operating income before depreciation, amortization, and taxes,

plus interest income.

The event study results shown in Figure A.2 reveal that, for all the suggested measures,

the S&P 500 additions are at their highest around the time of the index announcement.

This result suggests that the index committee selected firms for inclusion when they

had recently experienced several quarters of growth, leading to their best recent stance,

as reflected in their financial ratios. However, this good performance is not necessarily

sustainable and is subject to mean reversion, as all the measures decline right after the

inclusion.

Index deletion exhibits an inverse pattern. These firms are deleted from the index

right after they report their first negative net income, usually after several quarters of

decreasing net income starting approximately two years before the deletion event. De-

creasing operating ROA in the third row confirms that the negative net income for these

firms is not just a financial figure due to higher interest paid, which is coming from lower

operating efficiency. The figure also shows that a similar mean reversion mechanism also

works for these firms, meaning that after they are deleted from the index at their lowest-

ever instance, they start to recover. In five years, most measures are already near their

previous average amounts.

On the contrary, the pattern of S&P 500 discretionary deletions is characterized by
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Figure A.2: Fundamental trends in index additions and deletions

The figure compares fundamentals in index additions and deletions in a quarterly event study framework.
Quarter zero represents the last fiscal quarter for which balance sheet data was available at the index
announcement. Confidence intervals are shown in light shadow around the means. Fundamental measures
are calculated as ROA = net income/ assets, Profit Margin = net income/ Sales, and OROA = operating
income/ assets. The sample period is (2000-01, 2021-06). 95% confidence intervals are shown in light
shadow around the means.

firms being excluded from the index after reporting a negative net income, preceded by

a trend of declining net income over multiple quarters. This decline in net income is

not solely attributable to higher interest payments but also reflects decreased operating
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efficiency, as indicated by declining operating return on assets (ROA). After their removal

from the index, these firms tend to experience a mean reversion effect, and most of their

measures start to recover, approaching their previous levels. The measures for forced

deletions, on the other hand, appear to be relatively unchanged, reassuring that these

firms’ removal from the index was likely a result of external factors rather than their

financial performance.
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A.9 Linearity of price impact to demand shifts

This section explores the linearity of price impact in response to demand shifts. Verifying

this linearity is crucial because the counterfactual scenarios in Section 1.4.2 depend on

price impact estimates for incumbents, which are derived from relatively small demand

shifts, but these estimates are then applied to predict actual additions and deletions

involving much larger demand shifts.

To assess linearity, I add the squared value of MRF to the baseline regression specifi-

cations in (1.7) when the outcome variable is CAREff
Ann–the total abnormal return from the

announcement to the effective day. The results of this estimation are reported in Table

A.12. Different specifications also test linearity separately over various periods, both pre-

and post-2000, as well as with and without firm controls. In none of the specifications

does the coefficient of the squared value of MRF appear significant, which confirms that

the price impact in response to demand shifts is linear with respect to the size of these

shifts.
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Table A.12: MRF and Price Impact-Tests of Linearity

Dependent (1) (2) (3) (4) (5)
Variable CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

MRF 0.416∗∗∗ 0.127 0.579∗∗∗ 0.544∗∗ 0.387∗∗∗
(3.49) (0.65) (2.67) (2.46) (3.55)

MRF 2 -0.295 -48.236 -2.004 -1.443 -0.224
(-0.11) (-1.32) (-0.74) (-0.51) (-0.09)

Adj. R-sq 0.006 0.017 0.008 0.016 0.004
N 288997 80033 208963 208963 308726
Sample All Pre-2000 Post-2000 Post-2000 All
Controls Yes Y Yes Yes NO
Time-FE Year Year Year Day Year
Stock-FE Yes Yes Yes Yes Yes
Clusters S S S S S

This table presents the results of estimating the panel regression specified in Equation (1.7) for index
incumbents. The full sample comprises all incumbent observations on reconstitution days throughout the
entire sample period (1990-01 to 2021-06). Results are then replicated separately for three sub-samples:
Early (1990-1999), Mid (2000-2010), and Late (2011-2021). The bottom rows assess the statistical signif-
icance of the differences between sub-sample estimates. The independent variable is MRF j

t , representing
the dollar amount of money flowing into or withdrawn from stock j on reconstitution day t (proportional to
the previous day’s market value) due to mechanical weight changes in the index portfolio. All regressions
include stock fixed effects, and year fixed effects. All abnormal returns are calculated using coefficients
from a four-factor Carhart (1997) model incorporating a moving window of [-365, -20] days prior to the day
under study, conditional on having 100 observations. T-statistics based on standard errors clustered by
stocks are reported in parentheses. Significance levels are denoted as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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A.10 Alternative specifications for industry-matched

firms

Table A.13 replicates Table 1.8 using two-digit SIC codes to match incumbents’ industries

(instead of three-digit codes as used in the main text). The results portray a similar

picture for this alternative specification. Tables A.14 and A.15 estimate the main demand

effect of interest in this pape–the impact of MRF on the cumulative abnormal returns

of incumbents from the announcement to the effective day of index reconstitutions–in

addition to the informational effect on firms within the same industry of additions and

deletions, following the tradition of Cai (2007). These tables demonstrate that the demand

effect is not driven by and is independent of this informational channel.
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Table A.13: Index effect and industry-matched incumbents

(1) (2) (3) (4) (5)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

SameInd2Add 0.001∗∗∗
(3.00)

Post-2000=0 × SameInd2Add 0.003∗∗∗
(3.27)

Post-2000=1 × SameInd2Add 0.001
(1.36)

SameInd2Del 0.000
(0.51)

Post-2000=0 × SameInd2Del 0.002∗
(1.72)

Post-2000=1 × SameInd2Del -0.000
(-0.39)

Post-2000=0 × SameSIC2Del × Discretionary 0.001
(0.44)

Post-2000=1 × SameSIC2Del × Discretionary -0.000
(-0.26)

Controls Y Y Y Y Y
FE Y & S Y & S Y & S Y & S Y & S
N 288997 288997 288997 288997 288997
Adj. R-sq 0.006 0.006 0.006 0.006 0.006

This table reports the results of estimating panel regression in Equation (1.7) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
dummy variables if the incumbents are in the same two digit SIC industry with additions or deletions.
Discretionary is a dummy variable that is equal to one if there is a discretionary deletion in respective
reconstitution and zero otherwise. Post-2000 is dummy variable indicating year 2000 or afterwards.
Control variables include logMV (the logarithm of total market value), IWF (proprietary float factor),
βCAP M (loading on the market in the one-factor market model, estimated over a one-year window ending
20 days before the observation day), and liquidity (the average daily bid-ask spread of the stock over a
one-month window ending 20 trading days before the observation day). All regressions include control
variables, stock fixed effects, and year fixed effects. T-statistics based on standard errors clustered by
stocks are reported in parentheses. The sample period is (1990-01, 2021-06). Significance levels are
marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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Table A.14: Index effect and industry-matched incumbents

(1) (2) (3) (4) (5)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

MRF 0.413∗∗∗ 0.416∗∗∗ 0.411∗∗∗ 0.413∗∗∗ 0.409∗∗∗
(3.59) (3.62) (3.57) (3.58) (3.56)

SameSIC3Add 0.001∗∗
(2.52)

Post-2000=0 × SameSIC3Add 0.003∗∗
(2.41)

Post-2000=1 × SameSIC3Add 0.001
(1.33)

SameSIC3Del -0.001
(-1.61)

Post-2000=0 × SameSIC3Del 0.003
(1.47)

Post-2000=1 × SameSIC3Del -0.003∗∗∗
(-2.70)

Post-2000=0 × SameSIC3Del × Discretionary -0.007∗
(-1.94)

Post-2000=1 × SameSIC3Del × Discretionary 0.001
(0.71)

Controls Y Y Y Y Y
FE Y & S Y & S Y & S Y & S Y & S
N 288997 288997 288997 288997 288997
Adj. R-sq 0.006 0.006 0.006 0.006 0.006

This table reports the results of estimating panel regression in Equation (1.7) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio, and dummy variables if the incumbents are in the same three digit SIC industry with additions
or deletions. Discretionary is a dummy variable that is equal to one if there is a discretionary deletion
in respective reconstitution and zero otherwise. Post-2000 is dummy variable indicating year 2000 or
afterwards. Control variables include logMV (the logarithm of total market value), IWF (proprietary
float factor), βCAP M (loading on the market in the one-factor market model, estimated over a one-year
window ending 20 days before the observation day), and liquidity (the average daily bid-ask spread of
the stock over a one-month window ending 20 trading days before the observation day). All regressions
include control variables, stock fixed effects, and year fixed effects. T-statistics based on standard errors
clustered by stocks are reported in parentheses. The sample period is (1990-01, 2021-06). Significance
levels are marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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Table A.15: Index effect and industry-matched incumbents

(1) (2) (3) (4) (5)
CAREff

Ann CAREff
Ann CAREff

Ann CAREff
Ann CAREff

Ann

MRF 0.414∗∗∗ 0.418∗∗∗ 0.411∗∗∗ 0.411∗∗∗ 0.412∗∗∗
(3.59) (3.64) (3.57) (3.57) (3.57)

SameInd2Add 0.001∗∗∗
(3.05)

Post-2000=0 × SameInd2Add 0.003∗∗∗
(3.36)

Post-2000=1 × SameInd2Add 0.001
(1.36)

SameInd2Del 0.000
(0.52)

Post-2000=0 × SameInd2Del 0.002∗
(1.73)

Post-2000=1 × SameInd2Del -0.000
(-0.38)

Post-2000=0 × SameSIC2Del × Discretionary 0.001
(0.46)

Post-2000=1 × SameSIC2Del × Discretionary -0.000
(-0.28)

Controls Y Y Y Y Y
FE Y & S Y & S Y & S Y & S Y & S
N 288997 288997 288997 288997 288997
Adj. R-sq 0.006 0.006 0.006 0.006 0.006

This table reports the results of estimating panel regression in Equation (1.7) on index incumbents.
The dependent variable in all regressions is the cumulative abnormal returns of index incumbents from
the announcement day to the effective day of index reconstitutions. The independent variables include
MRF j

t , representing the dollar amount of money flowing into or withdrawn from stock j on reconstitution
day t (proportional to the previous day’s market value) due to mechanical weight changes in the index
portfolio, and dummy variables if the incumbents are in the same two digit SIC industry with additions
or deletions. Discretionary is a dummy variable that is equal to one if there is a discretionary deletion
in respective reconstitution and zero otherwise. Post-2000 is dummy variable indicating year 2000 or
afterwards. Control variables include logMV (the logarithm of total market value), IWF (proprietary
float factor), βCAP M (loading on the market in the one-factor market model, estimated over a one-year
window ending 20 days before the observation day), and liquidity (the average daily bid-ask spread of
the stock over a one-month window ending 20 trading days before the observation day). All regressions
include control variables, stock fixed effects, and year fixed effects. T-statistics based on standard errors
clustered by stocks are reported in parentheses. The sample period is (1990-01, 2021-06). Significance
levels are marked as: ∗p < 0.10; ∗∗p < 0.05; ∗∗∗p < 0.01.
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Chapter 2

Corporate Debt Structure Around

the World

joint with Stefano Rossi and Lorenzo Bretscher

Abstract

Combining different datasets for the first time, we reconstruct the debt structure

of 10,136 firms operating across 52 countries from 2003 to 2021, which comprise

124,101 corporate bond issues held by 63,323 bondholders and 85,817 bank loans

and credit lines extended by 10,154 banks. Contrary to prior literature, total debt

ownership is most concentrated in civil law countries, and most dispersed in common

law countries. This result is driven by dispersion of junior arm’s length debt. There

is considerable heterogeneity: In countries with stronger investor protection the debt

structure features dispersed debt ownership, with dispersed arm’s length borrowing

coexisting with concentrated bank borrowing. In countries with weaker investor

protection, firms mitigate the unfavorable institutional environment by borrowing

at shorter maturity, and by borrowing in USD-denominated (foreign) debt. These

patterns are strongest for small-to-medium size firms, whereas the largest firms

91
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have dispersed debt ownership by international investors almost irrespective of their

country of incorporation. The considerable heterogeneity that we uncover along debt

types and firm size thus supports the importance of considering at the same time

different sources of debt, including bank loans, credit lines, and arm’s length debt, to

obtain a full picture of firms’ debt structures around the world. Our results broadly

support legal origin and financial contracting theories of corporate debt structure.

Keywords: Debt Structure, Debt Ownership Concentration, Law and Finance,

Investor Protection, Creditor Rights.
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2.1 Introduction

Understanding the determinants and consequences of different sources of external financ-

ing is a first order question in corporate finance. While there has been a lot of work to

date on corporate equity ownership and control around the world (e.g., La Porta et al.

(1998), La Porta et al. (1999), Aminadav and Papaioannou (2020)), corporate debt struc-

tures have received less attention. Given that debt represents about 85% of the external

financing of firms (Beck et al. (2008)) and debt structures determine the allocation of

power and assets in financial distress and bankruptcy, it is important to study corporate

debt structures around the world.

Debt structures are complex and multidimensional. For instance, some firms borrow

from a single bank, using loans or credit lines; others borrow from multiple banks; others

issue bonds to arm’s length investors; and others borrow using a combination of debt

classes from a multiplicity of borrowers. A sizable literature has studied various individual

aspects of firms’ debt structures across countries, but the literature has yet to reach a

consensus, some times even on basic correlations, due to a number of empirical challenges.

The first challenge is that no single database covers all possible debt contracts and

reports the identity of all lenders. Datasets covering bank debt contracts either focus on

specific debt markets, e.g., individual bank loans (Ongena and Smith (2000), Detragiache

et al. (2000)), or the syndicated loan markets (Esty and Megginson (2003); Qian and

Strahan (2007); Bae and Goyal (2009)), and do not cover arm’s length contracts. Con-

versely, datasets covering bond issuances do not cover bank debt (Manconi et al. (2016),

Bretscher et al. (forthcoming)). Furthermore, datasets covering different debt classes typ-

ically do not record the identity of the lenders (Colla et al. (2013); John et al. (2021)).

Finally, datasets covering capital structure do not distinguish among debt classes and do

not record the identity of the lenders (Demirgüç-Kunt and Maksimovic (1999), Giannetti

(2003), Fan et al. (2012)).
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A second challenge relates to sample size and composition. Some of these datasets

cover predominantly large firms, others cover small-to-medium size firms. A third chal-

lenge is heterogeneity with respect to size and age of sample firms, as the size distribution

of firms is highly skewed, and private and public firms at different stages of their life

cycle differ systematically in their debt structure. Finally, unlike in the case of equity,

no regulation mandates the disclosure of large blocks of bond holdings in excess of some

threshold. As a result, reconstructing the full debt structure of firms is challenging, as it

is possible to miss sizeable untraded or privately placed blocks of debt.

We make progress on each of these fronts by combining for the first time different

databases including Amadeus, Capital IQ, Dealscan, eMaxx, and LSEG Refinitiv to re-

construct the structure of outstanding debt at the firm level, including bank loans, syndi-

cated loans, bonds, credit lines, and by collating this information to reconstruct as large a

fraction as possible of the outstanding debt ownership. We end up with a comprehensive

dataset reconstructing the debt structure of 10,136 firms operating across 52 countries

from 2003 to 2021, which comprises 124,101 corporate bond issues held by 63,323 bond-

holders and 85,817 bank loans and credit lines extended by 10,154 banks.

Debt structures allocate power across creditors and between creditors and debtors.

Economic theories of creditor power start from the observation that when lenders can

more easily force repayment, repossess collateral, or even gain control of the firm following

non-repayment ex post, they are more willing to lend ex ante. These power theories of

credit have been formalized in a one-creditor context by Townsend (1979), Aghion and

Bolton (1992), and Hart and Moore (1994, 1998).

Building on this framework, there are two views of debt structure and creditor power

in a context of creditor multiplicity. Under one view, high debt ownership dispersion sub-

stitutes for low investor protection. The reason is that debt ownership dispersion protects

creditors against strategic default (Bolton and Scharfstein, 1996), which makes disper-

sion valuable at low levels of investor protection where strategic default is problematic
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(Diamond, 2004). Diamond (2004) also emphasizes that when investor protection is low

creditors should protect themselves by lending at short maturity.

Under another view, high debt ownership dispersion is an outcome of high investor

protection. The key idea here is that small, diversified investors can only be prevalent

when investor protection is high (La Porta et al., 1998, 2008). Gennaioli and Rossi (2013)

present a model where concentrated debt with exclusive control rights over the liqui-

dation/reorganization decision coexists with dispersed junior creditors without control

rights. In such a model, dispersion of junior debt protects the borrower against inefficient

liquidation, which makes dispersion valuable at relatively high levels of investor protec-

tion, where rescuing profitable firms ex post is valuable. Gennaioli and Rossi (2013) also

emphasize how securing debt with collateral should be easier when investor protection is

higher.

While the two views yield opposite predictions on the dispersion of total debt own-

ership, the two views are not necessarily mutually exclusive, at least as soon as one

recognizes that Bolton and Scharfstein (1996) and Diamond (2004) model a single debt

class of “large” creditors without considering the allocation of control rights over the liqui-

dation/reorganization decision, whereas Gennaioli and Rossi (2013) study the allocation

of control rights and allow for multiple classes of debt, but do not consider debt maturity.

In this paper, we focus on five aspects of the debt structure related to creditor power:

What determines the number of creditors a firm borrows from? What determines how

many classes of debt firms use? What determines the maturity of (different types of)

debt contracts? What determines the allocation of security interests among creditors and

debt types? What determines the currency of debt contracts? Our analysis shows that

there are large differences in debt structures across legal families and yields the following

results.

(i) Total debt ownership is most concentrated in civil law countries, and it is most

dispersed in common law countries. There is significant heterogeneity with respect
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to debt types: ownership dispersion in arm’s length debt is largest in common law

countries, whereas, if anything, firms borrow from more banks in civil law countries.

Hence, the result that total debt ownership dispersion is largest in common law

countries is driven by bond ownership dispersion. This is a novel result. As we

discuss below in detail, prior literature has examined only bank debt, documenting

the opposite result of higher total debt ownership dispersion in civil law countries.

(ii) Firms in civil law countries borrow at shorter maturity. When distinguishing be-

tween bank debt and arm’s length debt, we find that firms in common law countries

issue bonds at significantly longer maturity; whereas bank loans and credit lines

have very similar maturity across legal origins. As a result, the finding that ma-

turity is shorter in civil law countries is driven by the maturity of arm’s length

debt.

(iii) Firms in common law countries are more likely to have their debt secured by some

collateral. When distinguishing between bank debt and arm’s length debt, we find

that firms in common law countries are more likely to have secured bank debt,

whereas arm’s length debt is similarly (un-)secured in common law and civil law

countries.

(iv) Firms in civil law countries are more likely to borrow in USD-denominated debt

contracts. The USD-denominated proportion of both bank loans and arm’s length

debt is larger in French civil law countries. On the other hand, German civil law

countries borrow in local currencies.

(v) Whereas total corporate leverage is similar in common law and civil law countries,

firms in civil law countries are more likely to borrow from banks and less likely to

issue arm’s length debt than firms in common law countries.

Next, we examine the correlation between corporate control and institutional charac-
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teristics that legal origin theories emphasize in a simple, unified framework, employing

multiple proxies for institutional quality to account for specific theoretical predictions.

Namely, the creditor rights index (Djankov et al. (2007)) measures the rights of secured

creditors in bankruptcy, and we use it accordingly to examine cross-country variation in

secured debt. On the other hand, the anti-self-dealing index (Djankov et al. (2008b))

measures the legal protection available to minority investors against managerial self deal-

ing in terms of both disclosure and enforcement, and although it is defined specifically

for minority shareholders it is likely also relevant for dispersed, arm’s length creditors.1

Although the cross-country associations are not well suited to advance causality, they are

informative on the characteristics of the legal and institutional environment that relate

to corporate debt structure.

(vi) Anti-self-dealing measures, namely, corporate law provisions allowing investors to

take legal action against corporate insiders who abuse their position, are system-

atically linked to debt ownership dispersion. The correlation is not particularly

strong in the full sample, but it masks considerable heterogeneity. For all but the

firms in the largest size quartile, better anti-self-dealing provisions strongly correlate

with higher total debt dispersion, and with higher dispersion in arm’s length debt

ownership. By contrast, for all firms, and particularly for the larger ones, better

anti-self-dealing provisions correlate with lower bank ownership dispersion. That is,

the stronger the investor protection, the more dispersed total debt ownership and

public bond ownership; but the smaller the number of banks a firm borrows from.

(vii) Anti-self-dealing provisions are systematically linked to corporate debt maturity.

This correlation masks considerable heterogeneity, too. Stronger investor protec-

tion is correlated with longer maturity of arm’s length debt. The effect is largest for
1Using the anti-self-dealing index to assess the dispersion of arm’s length creditors is exactly in line

with the predictions of the theoretical model of Gennaioli and Rossi (2013), who write “The notion
of investor protection relevant for this prediction is broader than that of creditor rights and includes
shareholder protection against managerial self-dealing and tunneling” (p.624).
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the smallest firms, declines monotonically with firm size, and remains strongly sig-

nificant for all but the largest firm size quartile. Total debt maturity increases with

investor protection, but the effect is significant only for small-to-medium size firms.

On the other hand, the maturity of bank debt is, if anything, slightly decreasing with

investor protection, particularly for larger firms, although the economic significance

of this effect is small.

(viii) Creditor rights correlate with the extent to which corporate debt is secured by

collateral. The stronger the creditor rights, the larger the likelihood that total debt

is secured by collateral. This result is driven entirely by bank debt.

In a nutshell, our results highlight that in countries with stronger investor protection

the debt structure features dispersed debt ownership, with dispersed arm’s length borrow-

ing coexisting with concentrated bank debt. In countries with weaker investor protection,

firms mitigate the unfavorable institutional environment by borrowing at shorter matu-

rity, and by borrowing in USD denominated (foreign) debt. Furthermore, our analysis

highlights that investor protection is particularly relevant, indeed crucial, for small-to-

medium size firms; whereas the largest firms are able to access international investors–

and the protection of US courts–almost irrespective of their country of incorporation. The

considerable heterogeneity that we uncover along debt types and firm size thus supports

the importance of considering at the same time different sources of debt, including bank

loans, credit lines, and arm’s length debt, to obtain a full picture of firm’s debt structure

around the world.

Our results are consistent with legal origin and contracting theories of corporate fi-

nance (La Porta et al. (1998), Diamond (2004), Djankov et al. (2007), Djankov et al.

(2008a), Gennaioli and Rossi (2013)). Consistent with La Porta et al. (1998) and La Porta

et al. (2008), we find that debt ownership dispersion is largest in countries with better

investor protection. In particular, our results are consistent with Gennaioli and Rossi
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(2013), who rationalize the coexistence of concentrated bank debt and dispersed arm’s

length debt in the firm’s debt structure, and predict that dispersion of total debt and

arm’s length debt should increase with investor protection.

Our results are also consistent with theories of financial contracting. In particular,

our results are consistent with the prediction of Diamond (2004) that firms in poor in-

vestor protection countries should mitigate the unfavorable institutional environment by

borrowing more short term. Our results are also consistent with the prediction from prior

literature that firms in poor investor protection countries should borrow from more banks,

e.g., see Diamond (2004) and Bolton and Scharfstein (1996)), although our empirical re-

sults highlight that in countries with stronger investor protection arm’s length borrowing

is more prevalent–and much more dispersed–than bank borrowing.

Related literature. Our paper contributes to the literature on the corporate debt

structure. Ongena and Smith (2000) examine bank debt in a cross section of countries;

Detragiache et al. (2000) examine the number of bank relationships of Italian firms op-

erating in regions with different enforcement costs; whereas Esty and Megginson (2003),

Qian and Strahan (2007), and Bae and Goyal (2009) focus on syndicated loans. These

papers find that firms borrow from more banks in countries with weaker investor protec-

tion, and interpret their evidence in line with the models of Bolton and Scharfstein (1996)

and Diamond (2004) in which firms borrow from multiple creditors to prevent strategic

default, and in which strategic default is a more relevant concern in countries with weaker

investor protection. We confirm the result from this literature that, when looking at bank

debt in isolation, bank debt dispersion and the number of banks is larger in civil law

countries, and in countries with weaker investor protection; but we show that the picture

changes dramatically and we obtain diametrically opposite results when considering total

debt ownership, including the ownership of arm’s length debt, in line with the predictions

of La Porta et al. (1998), La Porta et al. (2008), and Gennaioli and Rossi (2013).

Regarding debt maturity, Demirgüç-Kunt and Maksimovic (1999), Giannetti (2003),
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and Fan et al. (2012) examine corporate borrowing and find that the fraction of short

term (as opposed to long term) debt is larger in countries with weaker investor protection

(see John et al. (2017) for an opposing view). More recently, examining syndicated loan

contracts Qian and Strahan (2007) and Bae and Goyal (2009) document a more nuanced

picture. Qian and Strahan (2007) document that English common law countries have

a 1-month longer maturity of bank loans than French civil law firms (see their Table

1), but a slightly shorter maturity in German and Scandinavian legal origin countries;

in regression analysis, Qian and Strahan (2007) conclude that firms borrow with longer

maturities in countries with stronger creditor protection. Bae and Goyal (2009) reach

similar conclusions, although arguing that it is enforceability of contracts that drives

longer debt maturity rather than creditor rights. Our analysis builds on Qian and Strahan

(2007) who emphasize heterogeneity with respect to firm size; we confirm the importance

of heterogeneity with respect to firm size, and in addition we underscore the key role of

heterogeneity with respect to debt types. That is, when examining bank borrowing in

isolation, we confirm the picture that French civil law countries have a shorter maturity

than English civil law countries, although the results are statistically insignificant and

their economic magnitude is small. However, when examining arm’s length borrowing and

total borrowing, the picture changes dramatically, in that firms in common law countries

borrow with a much longer maturity, and the result is particularly strong for arm’s length

debt and for small-to-medium size firms.

Regarding debt classes, John et al. (2021) find that firms from countries with stronger

creditor protection choose debt structures with fewer debt types and interpret their result

as being in line with predictions of Bolton and Scharfstein (1996) that debt structures

should be more dispersed in countries in which strategic default concerns are higher. We

show instead that when one examines direct measures of debt ultimate ownership rather

than aggregate measures of debt classes, the overall conclusions change dramatically.

Finally, our results contribute to the literature on debt currency, which emphasizes
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the role of the US dollar as the key anchor of exchange rate regimes, e.g., see Maggiori

et al. (2024) and references therein. Our results underscore the importance of borrowing

in US dollars for firms located in French civil countries to be able to access the protection

of US courts, in line with the legal ruling studied in Hébert and Schreger (2017).2

The rest of the paper is organized as follows. Section 2.2 details the data sources and

the construction of our final sample. Section 2.3 presents the main patterns of corporate

debt structure around the world. Section 2.4 reports our empirical results. Section 2.5

concludes.

2A recent and growing empirical literature has examined the effects of financial reform, in particular
changes to creditor protection under corporate bankruptcy laws in individual countries, on various firm-
level outcomes, including firms’ debt structures. See, among others, Scott and Smith (1986), Hackbarth
et al. (2015), and Kornejew (2024) for the US, Lilienfeld-Toal et al. (2012) and Vig (2013) for India,
Araujo et al. (2012), Assunção et al. (2014), and Ponticelli and Alencar (2016) for Brazil, Cerqueiro et al.
(2016) for Sweden, and Rodano et al. (2016) for Italy. While these individual-country studies have been
advancing causality by exploiting variation among treated vs untreated firms, they have examined a wide
array of heterogeneous reforms and firm-level outcomes; as a result, external validity and comparability of
results across countries and reforms may be problematic. We complement these approaches by providing
a simple, unified framework across a large number of countries to provide a panoramic analysis of the
association between corporate debt structure and legal protection of investors.
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2.2 Data and Methodology

We construct a novel dataset on the corporate debt structure of firms around the globe.

To that end, we combine data from various data providers. That is, in a first step,

we obtain detailed information on the debt structure of international firms from Capital

IQ. We then merge this data with quarterly balance sheet information from Worldscope,

Compustat Global, and Amadeus. Further, we complement the sample with information

on the nature and ownership of bond issues and commercial papers from eMAXX and

details on loans and lines of credit, along with information on the lenders of these facilities,

from LPC Dealscan. The resulting dataset contains information on the debt structure of

10,136 firms operating across 52 countries from 2002Q2 to 2021Q3. In the following, we

discuss in detail the various steps of our sample construction. In what follows we describe

in detail the various steps to build our dataset in subsections 2.2.1, 2.2.2, 2.2.3, and 2.2.4,

and we discuss our measures of debt ownership concentration in subsection 2.2.5.

2.2.1 Debt Structure Information

As outlined above, we first obtain detailed debt structure information for the universe of

firms in Capital IQ. As reported in Table 2.1, Capital IQ contains information on 135,807

firms (42.7% of which are public). This data includes the quarterly breakdown of total

debt into seven distinct categories: commercial paper, drawn credit lines, term loans,

bonds and notes, capital leases, trusts, and a residual category encompassing other types

of debt. In our analysis, we rely on the unique company identifier "companyid" provided

by Capital IQ which helps us identify duplicate balance sheet information that exist in

at least two of Amadeus, Worldscope and Compustat.
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2.2.2 Balance Sheet Information

In a second step, we retrieve quarterly balance sheet information of all international firms

available in either Worldscope, Compustat Global, or Amadeus. Subsequently, we exclude

firm-quarters from our sample which have missing or non-positive values for either total

assets or total debt, or reported book leverage outside the unit interval. Moreover, since

our ownership data is organized in calendar quarters, we map balance sheet information

from fiscal quarters to calendar quarters based on the month in which the fiscal quarter

concludes. For example, if a company’s fiscal quarter concludes in January, February,

or March of 2010, we assign that firm’s quarterly balance sheet information to the first

quarter of 2010, i.e. 2010Q1.

The merging of Capital IQ with the combined data from Worldscope, Compustat

Global, and Amadeus is carried out in several steps. First, we merge the entire Capital

IQ dataset with Worldscope. Each firm in Worldscope is matched with its corresponding

companyid, as detailed in Appendix Section C. Following the approach outlined by Colla

et al. (2020), we then eliminate firm-quarters for which the absolute percentage difference

between total debt reported in Worldscope and the sum of debt types reported in Capital

IQ exceeds 10%.

Next, we turn to the remaining Capital IQ observations that did not successfully

match with Worldscope and attempt to merge them with Compustat Global. Similarly, we

merge these observations with Compustat and discard firm-quarters where the discrepancy

between total debt reported in Compustat and the sum of debt types reported in Capital

IQ exceeds 10% of Compustat total debt. For unmatched Capital IQ entries of European

firms, we employ an analog methodology using the financial statements sourced from

Amadeus.3

3In a first step, our integration with Amadeus relies on firms with non-missing ISINs. In a second
step, we manually match firms which results in an additional 572 matched firms. Please see the details
in Appendix Section C.
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Retaining firm-quarter observations with successful merges either in Worldscope, Com-

pustat Global, and Amadeus and eliminating any duplicates leaves us with approximately

2.4 million firm-quarter observations, representing 85,576 unique firms across 145 coun-

tries as can be seen in Table 2.1. Notably, about 61% of this sample comprises public

firms, with the remaining 39% being private firms.

2.2.3 Debt Ownership Information

Next, we merge our data on debt ownership information. To that end, we obtain direct

ownership information of arm’s length debt (commercial papers, bonds, and notes)

from Thomson Reuters eMAXX, which offers extensive coverage of institutional investors’

fixed-income holdings at the security level. Importantly, these holdings are not limited to

publicly traded securities but also include privately placed debt instruments such as 144A

and Regulation S bonds, which have become more common in recent years, e.g., see Ellias

and De Fontenay (2025). This database primarily includes asset holdings of insurance

companies, mutual funds, ETFs, and pension funds.4 That is, for each calendar quarter,

the dataset contains debt ownership data as well as information about the securities

themselves and their issuers. When available, we rely on CUSIP as a primary identifier

for a security. If CUSIP is not available, we use CINS as an identifier.5 The first six

digits of CUSIP/CINS do not allow to unambiguously identify the issuer for at least two

reasons. First, the issuer identifier might change over time due to corporate events. As

a result, the 6-digit CUSIP/CINS is different for outstanding securities and new issues.

Second, depending on the offering type and market, the same issuer might be assigned

several 6-digit identifiers.6 To overcome this problem, we use Refinitiv Python API and
4With some exceptions, the eMAXX database does not include holdings of hedge funds and banks.
5The CUSIP International Numbering System (CINS) is a 9-character alphanumeric identifier denoting

international securities and is an extension of the CUSIP system used for U.S. and Canadian securities.
CINS employs the same nine characters as CUSIP but also contains a letter of the alphabet in the first
position, denoting the issuer’s country or geographic region.

6For example, Microsoft has US bonds with CUSIPs starting with 594918 and 00507V and Eurobonds
with CINS that start with U59340.
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get the issuer PermIDs of all securities contained in eMAXX. This allows us to uniquely

retrieve the "companyid" of the issuing firm from our Worldscope-Capital IQ merge which

renders merging of ownership information from eMAXX with data on firm fundamentals

straightforward. A more detailed discussion on this procedure can be found in Appendix

Section C.

To compile data on bank debt ownership, we obtain data from LSEG Loan Connec-

tor which is part of DealScan. This data contains comprehensive historical information

on loan characteristics, contract details, terms, and conditions. We focus on the entire

DealScan universe to ensure that we capture loans which had been issued before the start

of our sample but have not been fully repaid. Unlike eMAXX, which organizes the data as

a quarterly panel, DealScan is an event-based dataset. That is, each unique observation

corresponds to a distinct combination of Lender×Borrower× Tranche×Amendment.

Therefore, we first have to re-organize the information contained in DealScan in a quar-

terly panel. To do so, we assume that, for each tranche, the composition of lenders and

the lenders’ share in total lending would remain unchanged over time, unless, 1) there

is a new amendment to the loan, in which case, we obtain an updated list of lenders;

2) the face value of the loan has been fully repaid; 3) the loan has reached its maturity

date. These assumptions can be partially justified by the fact that only around 20% of

syndicated loans are traded in secondary markets, as highlighted in (Brealey et al., 2020,

Ch. 24, p. 649). In addition, only about one quarter of syndicated loans are eligible

for secondary market trading in the US. In Europe and Asia this fraction is even lower.7

Therefore, the composition of lenders of syndicated loans remains relatively stable over

time.

For each quarterly observation of a loan, we calculate the remaining outstanding no-

tional by taking into account the specified repayment schedule. These repayment sched-

7As per information from the Bank of International Settlements. Refer to “The Syndicated Loan
Market: Structure, Development and Implications” available at www.bis.org/publ/qtrpdf/r-qt0412g.pdf

https://www.bis.org/publ/qtrpdf/r_qt0412g.pdf
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ules varied in installment frequency, ranging from weekly to once every three years. For

cases where the repayment schedule is missing, we either assume a proportional repay-

ment of all the outstanding loans with missing repayment schedules or a bullet payment at

maturity. Distinguishing between proportional repayment and bullet repayment is made

possible by comparing the observed outstanding Dealscan loans to the corresponding to-

tal outstanding loans from Capital IQ. Specifically, if the observed outstanding Dealscan

loans amount to less than the total outstanding loans recorded in Capital IQ for the re-

spective observation period, we assume a bullet repayment at maturity for these loans.

Conversely, if the outstanding Dealscan loans exceed those in Capital IQ by x%, it is

assumed that x% of these loans have been fully repaid up to the current quarter.

DealScan does not report the type of lenders individually for each loan and instead

reports the “union" of all lender types participating in each Tranche8. To circumvent this

issue, we employ a sequential approach. That is, first we focus on loans with only one

lender. For this subsample, we directly observe a one-to-one mapping between lenders

and types. Building on this, in a second step, we use data on loans with two lenders where

we know one lender’s type from the first step, which allows us to determine the second

lender’s type. This iterative procedure allows us to determine the types of 95% of the

lenders in DealScan. The remaining 5% of lenders we label as "Other." We then compute

lender-specific ownership. For approximately one third of all the loans in DealScan, we

have explicit information on each lender’s ownership. For the remaining loans, we assume

equal contributions of all participating lenders.

Finally, we merge bank loan ownership information and the existing data. To do so,

we follow a two-step process. First, we use the PermID to companyid linking table that

we have previously compiled by combining several linking tables provided by Capital IQ

and Refinitiv. For a more detailed discussion on this, we refer to Appendix Section C.

8The various lender types in DealScan include commercial banks, investment banks, other types of
banks, insurance companies, distressed (vulture) funds, mutual funds, pension funds, hedge funds, trusts,
and private equity.
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Second, we employ the linking table provided by Chava and Roberts (2008).9 As reported

in Table 2.1, combining firm fundamentals with debt ownership data leaves us with 18,104

firms (about 57% are public firms) domiciled in 108 different countries.

2.2.4 Final Data Set

Our final dataset combines information from Capital IQ; quarterly balanced sheet data

from Worldscope, Compustat Global, and Amadeus; arm’s length debt ownership data

from eMAXX; and bank debt ownership data from DealScan. As our paper aims at

studying the corporate debt structure around the world, we would like to focus on firms

for which we have ownership data for a significant fraction of their total debt. To that

end, we apply two more filters in our sample construction which limits our attention to

firms for which we identify 1) the debt instruments of at least 50% the book value of the

firms’ total debt; and 2) the owners of their debt for at least 30% of the book value of the

firms’ total debt. That is, in summary, a hypothetical firm A is included in our sample

in quarter t if and only if the following criteria are met:

1. Capital IQ contains data on the debt structure of firm A for quarter t;

2. Worldscope, Compustat Global, or Amadeus contain balance sheet data of firm A

for quarter t;

3. The relative percentage difference between the total debt reported in Capital IQ

and the balance sheet is less than 10%;

4. Debt instruments identified through eMAXX and DealScan account for at least 50%

of firm A’s total debt amount outstanding according to the balance sheet;

9The linking table of Chava and Roberts (2008) is based on the legacy version of DealScan. Therefore,
the borrower company identifiers must be updated according to the revamped version.
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5. Debt ownership must be known for at least 30% of firm A’s total debt amount

outstanding according to the balance sheet.

After applying these criteria, we exclude all observations from countries for which we

have data on fewer than ten distinct firms. As reported in Table 2.1, our final sample

includes 127,179 firm-quarter observations for 10,136 unique (about 55% are public firms)

firms in 52 countries.

It is important to note that, despite merging several data sets from different sources

and applying many filters when constructing the data, our final sample does not look that

different than the sample of firms which we used as "population", i.e., the universe of firms

contained in Capital IQ. As reported in Table 2.1, for example, the share of public firms

is 55% in our final sample which compares to 43% in the Capital IQ sample. Given the

fact that data availability is typically much better for public compared to private firms,

this increase in the share of public firms seems quite small. Moreover, the slight increase

in the share of arm’s length debt and credit lines in the final sample compared to the

starting sample suggests that our sample features relatively more large firms compared to

the population. Again, this shouldn’t come as a surprise as generally, data is more easily

available for larger firms. Importantly, however, applying our filters four and five above

does not materially change neither the average debt structures nor the average leverage

of our sample firms.

Figure 2.1 shows the global average capital structure and debt structure for our pooled

sample, including the composition of various debt types. The debt categories comprise

arm’s-length debt, bank loans, credit lines, and other forms of debt. Figure 2.1 documents

average leverage, measured as total book debt divided by total assets, is 32.2%. When

examining debt types as a percent of total book debt, bank loans are 34.8%, arm’s length

debt is 29.2%, credit lines are 21%, and other types collectively amount to 15.1%.

Figure 2.2 reports the global evolution over 2002-2021 of leverage and debt structure.

It shows that average leverage is quite stable over 2002-2021, hovering around 30-to-33%
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of total assets. On the other hand, in terms of debt structure over time we observe a

gradual substitution of bank loans and–to a lesser extent–arm’s length debt for credit

lines. In fact, credit lines steadily decline from about 30% of total debt in 2002 to about

15% in 2021, whereas bank loans increase from 27% to 36% and arm’s length debt from

27% to 32%.

2.2.5 Measures of Ownership Concentration

To quantify the extent of concentration in debt ownership, we rely on four well-known

measures of ownership concentration, originally developed in the literature on equity

ownership. That is, we use for our analysis the number of creditors, the minimum number

of creditors required to cross 10%, 20%, and 30% of debt ownership, the Herfindahl-

Hirschman Index (HHI), and the cumulative ownership of the one, three, five, and ten

largest lenders.

Our first concentration measure, the number of total creditors, is relatively uncontro-

versial both to measure as well as to interpret (see, for example, Li and Yu (2022)). That

is, a lower (higher) number of creditors indicates a higher (lower) degree of ownership

concentration.

Second and relatedly, the minimum number of creditors required to cross a certain

ownership threshold is defined as follows:

NtCX% = min{n s.t.
n∑

i=1
ωi ≥ X%} (2.1)

where NtC stands for "Number to Cross", ωi denotes the cumulative ownership share

in percent of the i-th largest lender, and X% denotes the ownership threshold. For

the ownership threshold we consider 10%, 20%, and 30%, respectively. A low (high)

number of creditors to cross a certain ownership threshold indicates higher (lower) degree

of ownership concentration (Franks et al., 2009).
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Third, the Herfindahl-Hirschman Index (HHI) represents the sum of squared fractional

holdings of creditors, calculated relative to the total debt for which we observe ownership

in a given firm and quarter. That is,

HHI =
n∑

i=1
ωi2

, (2.2)

where n is the total number of observed creditors and ωi denotes the ownership share of

i-th largest lender as a fraction of total debt for which we observe ownership. That is,

a high (low) HHI indicates high (low) degree of ownership concentration. This method-

ology aligns with previous studies that rely on observations where less than 100% of the

underlying ownership is observed (see, for example, Li and Yu (2022)). HHI for bank debt

and bond debt (also referred to as arm’s length debt) is defined in an analogously. That

is, the denominator of fractional holdings are total bank debt with observed ownership

and total arm’s length debt with observed ownership, respectively.

Importantly, using the total amount of underlying debt in the denominator of frac-

tional holdings, rather than the total amount for which we ownership, would inevitably

bias the resulting HHI downward. The magnitude of this bias is directly related to the

fraction of debt with unobserved ownerships. Instead, we derive an unbiased estimator

under the assumption that the ownership concentration we observe is representative for

the ownership concentration of all creditors of a firm. The fifth criterion in our final sam-

ple construction guarantees that we retain only those observations for which we have full

information on a substantial fraction of debt. Moreover, when calculating HHI statistics

for bank and bond debt separately, we apply a similar criterion. Specifically, we calcu-

late the HHI for bank and arm’s length debt only for firm-quarters for which we have

ownership information for at least 30% of total arm’s length debt.

Finally, we calculate the cumulative ownership measures in line with Franks et al.
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(2009) as follows:

C1 = ω1 (2.3)

C3 =
3∑

i=1
ωi (2.4)

C5 =
5∑

i=1
ωi (2.5)

C10 =
10∑

i=1
ωi (2.6)

where, as above, ωi denotes the ownership share in percent of the i-th largest lender.

That is, a higher (lower) value for the measures C1 to C10 indicates a higher (lower)

ownership concentration. Analogous to the HHI, the ownership shares are relative to the

total amount of debt for which we have ownership information. Moreover, for statistics

specific to bank or arm’s length debt we require to observe ownership information for at

least 30% of total bank or arm’s length debt outstanding to avoid any downward bias.

For a more detailed discussion of our variable definitions, please see Appendix Table A.
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2.3 Patterns

We aim to provide the most up-to-date characterization of corporate debt structure around

the world. In this Section, we report descriptive statistics of corporate debt structure by

legal origin.

2.3.1 Summary Statistics

Figure 2.3 provides a map of corporate debt structure around the world for four legal

origins, namely English common law, Scandinavian civil law, German civil law, and French

civil law, following the classification in La Porta et al. (2008). The map illustrates the

considerable heterogeneity in debt structure around the world. Two clear patterns emerge:

1) English common law firms borrow predominantly using arm’s length debt; 2) Civil law

firms borrow predominantly using bank loans.

To dig deeper, Table 2.2 reports detailed summary statistics for our final sample, for

each country individually and for the four legal origins. Average leverage is quite simi-

lar across legal origins, about 33-to-34% of assets in both French civil law and English

common law countries, and not far from that in German and Scandinavian countries.

Table 2.2 substantiates the considerable heterogeneity in debt structure around the world

illustrated in Figure 2.3. In fact, firms in English common law countries borrow predom-

inantly using arm’s length debt at 36% of total debt, followed by bank loans at 26% and

credit lines at 24%. On the other hand, bank loans amount to 55% of total debt in French

civil law countries and even 62.6% in German civil law countries. By contrast, arm’s

length debt amounts to 16% of total debt in French civil law countries and a meager 3%

in German civil law countries.

The last two columns of Table 2.2 show that we identify on average about 80% or

more of firms’ debt instruments and we have ownership data on average for about 70%

of firms’ total debt outstanding. This gives us confidence that our data is rich enough
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to make precise statements about the firms included in our final sample. About 45% of

the firms in our sample are in the US (4449 firms). For this reason, we perform extensive

robustness tests excluding US firms, and we find very similar results to those we report

here using the pooled sample. Finally, while we observe both public and private firms in

all countries, the share of public firms is much lower in English common law countries

compared to the other three legal origins.

2.3.2 Debt Ownership Concentration

Figure 2.4, Panels A, B, and C, illustrates the differences in the distribution of debt

ownership concentration between English common law and French civil law countries

using the number of creditors measure, separately for bank debt, arm’s length debt, and

total debt, respectively.

Panel A shows that firms in French civil law countries borrow from more banks than

firms in English common law countries. The interpretation is that bank debt ownership

is more concentrated in English common law countries than in French civil law countries.

This pattern is in line with prior literature that examine bank lending across countries

such as Esty and Megginson (2003), Qian and Strahan (2007), and Bae and Goyal (2009).

Panel B shows that the pattern dramatically reverses when considering ownership of

arm’s length debt, as firms in English common law countries borrow from many more

bondholders than firms in French civil law countries, implying firms in English common

law countries have more dispersed arm’s length debt ownership than firms in French

civil law countries. Panel C shows that this pattern carries over to total debt ownership

concentration, as firms in English common law countries borrow from many more overall

creditors, and have thus much more dispersed debt ownership, than firms in French civil

law countries.

Figure 2.5 and Figure 2.6 reports the exact same patterns using the C5 and the

NtC30% measures of debt ownership concentration. Firms in French civil law countries
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have more dispersed bank ownership than firms in English common law countries, as the

collective debt ownership of the top 5 banks is smaller in French civil law countries than

in English common law countries, and the number of banks needed to cross the 30% debt

ownership threshold is larger in French civil law countries than in English common law

countries, consistent with prior literature. However, this pattern dramatically reverses

when examining arm’s length debt ownership and total debt ownership: firms in English

common law countries have a much more dispersed ownership of arm’s length debt and

of total debt than firms in French civil law countries, also using the C5 and NtC30%

measures.

Figure 2.7 examines the evolution over the firm’s life cycle of leverage (Panel A), debt

structure (Panel B), and debt ownership concentration (Panel C). Here, year 0 denotes

the year the firm is established. The Figure shows that while leverage is quite stable over

the firm’s life cycle (Panel A), debt structure displays a substitution of arms’ length debt

for bank loans and credit lines, as arm’s length debt starts picking up at about year 60 of

the firms’ life (Panel B). Panel C shows that as soon as arm’s length debt starts picking

up, the firms’ debt ownership concentration also decreases sharply, at least in terms of

overall number of creditors, and number of creditors needed to cross the 30% threshold.

Table 2.3 reports bank debt ownership concentration statistics by individual countries

and legal origins. It shows that both the number of loan tranches as well as the number

of loans is smaller for firms in English common law compared to firms in civil law legal

origins. The number of lead arrangers in syndicated loans is also lower in firms in English

common law countries (on average about 3) compared to firms in French civil law countries

(on average about 6.3).

Table 2.3 also reports a larger set of measures of bank debt ownership concentration,

and they confirm the patterns shown above for number of creditors, C5, and NtC30%

also for other measures. For example, we find for firms in English common law countries

compared to firms in French civil law countries a higher HHI (25.05% vs 21.47%) and
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lower numbers required to cross the 10% (1.18 vs 1.19), 20% (1.76 vs 1.81), and 30%

(2.43 vs 2.55) ownership thresholds. That is, all measures point to the fact that the own-

ership concentration of bank debt is on average higher for English common law countries,

consistent with prior literature.

Our main innovation is to examine together debt ownership not only of bank loans and

credit lines but also of bonds and in general of arm’s length debt. We show that by doing

so the picture changes dramatically relative to prior literature, reversing the conclusions

reached so far. Table 2.4 shows that the patterns on the ownership concentration of

arm’s length debt are diametrically opposite to the patterns for bank debt. That is,

the number of overall bondholders and the minimum number of bondholders required

to pass a cumulative ownership of 10%, 20%, or 30%, respectively, are all clearly higher

for English common law countries. The economic magnitude is stark. For example, the

average number of bondholders across firms in English common law countries equals 163

and compares with the average of about 23 bondholders across firms in civil law countries.

Consistent with this clear empirical pattern, the average HHI for firms in English common

law countries is well below the average HHI for firms in French civil law countries (5.05%

vs 8.16%). Therefore, we find that bond debt ownership in firms in English common law

countries is much less concentrated than in firms in civil law countries.

This finding is the exact opposite of what we just documented for bank loan owner-

ship concentration above. Notably, the English common law statistics are quite stable

throughout a number of countries, including Canada, Bermuda, Ireland, Jersey, United

Kingdom, and the United States. In these countries, on average, a) bond debt makes up

for an economically meaningful fraction of overall debt (26% for Ireland to 42% for the

United States), and b) we observe ownership information for a significant fraction of total

bond debt (42% for Jersey to 61% for the United States). At the same time, the results

are not driven by US firms, as we obtain very similar results if we exclude US firms from

the sample. These exercises alleviate the concern that the common law results are driven
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entirely by a single country or a few outliers.

Next, we show how bank and arm’s length debt aggregate to total debt and, thus, we

document ownership concentration of total debt of firms. Table 2.5 reports statistics by

individual countries and by legal origins. Importantly, across all our sample countries, on

average, we have debt ownership information for about 73% of total debt (this percentage

is lowest for Colombia with 52.60% and highest for New Zealand with 87.47%). This

observation suggests that our empirical evidence is representative for the corporate debt

concentration of our sample firms. Overall, we find that debt ownership in firms in

English common law countries is on average less concentrated than in firms in other legal

origins. This conclusion is consistently backed up by all of our four measures of ownership

concentration when comparing average values across English common law and French

civil law countries. In English common law countries the 1) the number of all creditors is

higher (173 vs 66), 2) the minimum number of creditors to cross the ownership thresholds

of 10%, 20%, and 30% are higher (1.51 vs 1.27, 2.75 vs 2.04, and 4.42 vs 3.02), 3) the

HHI is lower (17.79% vs 18.90%), and 4) the cumulative ownership of the 1, 3, 5, and 10

largest creditors are lower (22.79 vs 23.82, 36.16 vs 40.11, 52.09 vs 60.03, and 69.66 vs

80.84).10

To sum up, our data confirms the results about ownership dispersion of bank debt from

the literature. Importantly, however, we find that the patterns of ownership dispersion

of total debt are diametrically opposite. When considering arm’s length debt and thus

total debt, our empirical evidence points to the striking fact that ownership dispersion of

total debt and arm’s length debt is much more dispersed in firms in English common law

countries than in firms in other legal origins, that is, exactly the opposite of what was

documented regarding bank debt. Intuitively, total debt ownership dispersion is driven by

the dispersion of arm’s length debt because of the quantitative importance of arm’s length

debt in the debt structure of our sample firms, and particularly of firms in English common
10The results are even stronger when comparing firms in English common law countries with firms in

German civil law countries.
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law countries. Therefore, our comprehensive data allows us to paint a much more nuanced

picture of debt ownership dispersion compared to existing studies which exclusively relied

on bank debt to make inference about debt ownership dispersion, including Ongena and

Smith (2000), Esty and Megginson (2003), Qian and Strahan (2007), and Bae and Goyal

(2009).

Debt Maturity

Figure 2.8 reports the distribution of debt maturity, separately for bank debt (Panel

A), arm’s length debt (Panel B), and total debt (Panel C), comparing firms in French

civil law countries and firms English common law countries. For each firm, we obtain

a single measure of maturity based on weighted average of the maturity of the relevant

debt instruments outstanding. Panel A shows that bank debt maturity is slightly shorter

in firms in French civil law countries relative to firms in English common law countries,

although the magnitude of the difference is small. Panel B shows that arm’s length debt

maturity is much shorter in firms in French civil law countries relative to firms in English

common law countries, and Panel C confirms this pattern for total debt maturity.

Table 2.6 reports detailed statistics for debt maturity both for individual countries

and for legal origins. The average maturity across all sample countries is 4.88 years for

total debt, 7.78 years for arm’s length debt, and 3.05 years for bank debt. Importantly,

however, there is substantial cross-sectional variation in debt maturity across countries

and, in particular, across legal origins. For example, total debt maturity is substantially

longer (5.39 years) for firms in English common law countries compared to firms in civil

law countries (3.40 years).11 Consistent with this, the maturity of bond debt is also

longer in firms in English common law countries compared to firms in civil law countries

(8.19 years vs 4.34 years). Interestingly, however, the pattern is reverted for bank debt.

11As before, we calculate the average of statistics across civil law origins by weighting origin-specific
averages by number of firms in a given origin. For example, the average total debt maturity of 3.40 years
is calculated as follows: (319× 3.40 + 1920× 3.20 + 1077× 3.77) / (3316).
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That is, firms in English common law countries have a slightly shorter bank debt maturity

compared to civil law countries (3.00 years vs 3.17 years), although the magnitude of such

difference is small and not statistically significant. In the context of our findings from

Section 2.3.2, we can therefore summarize that debt ownership concentration is negatively

correlated with debt maturity. Our data indicates this relationship is robust no matter

whether we focus on bank, arm’s length, or total debt. This correlation supports the idea

in Diamond (2004) that debt maturity and debt ownership dispersion are substitutes.

2.3.3 Debt Collateral Security

Figure 2.9 reports the distribution of the percentage of bank debt (Panel A), arm’s length

debt (Panel B), and total debt (Panel C) that is secured by some collateral, comparing

firms in French civil law countries and firms in English common law countries. The

Figure shows that a larger fraction of debt is secured by some collateral for firms in

English common law countries relative to firms in French civil law countries, and this is

true for both bank debt and arm’s length debt.

Table 2.7 reports detailed statistics on the fraction of secured debt in individual coun-

tries and legal origins. Overall, about one third (32.31%) of total debt is secured by

some form of collateral. Notably, the fraction of secured debt is much higher for English

common law countries compared to civil law countries (35.16% vs 24.18%). That said,

however, the fraction of secured debt for firms from Scandinavian legal origin is as high as

the one across firms in English common law countries. Moreover, we examine the fraction

of secured debt that is due to bank and arm’s length debt, respectively. Perhaps not

surprisingly, secured debt is mostly composed of secured bank debt as opposed to secured

arm’s length debt. This is true across all our sample countries. More interestingly, the

composition of secured debt into bank and bond debt exhibits interesting cross-sectional

variation. In fact, we find that the share of bond debt is significantly higher in firms in

English common law countries compared to firms in civil law countries (11.08% vs 3.57%).
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The flip side of this statement implies that the share of bank debt is lower in firms in En-

glish common law countries compared to firms in civil law countries (88.92% vs 96.43%).

To sum up, we find that debt ownership concentration is negatively correlated with the

fraction of secured debt.

2.3.4 Debt Currency

Figure 2.10 displays the distribution of debt currency, comparing firms in French civil law

countries with firms in English common law countries. The Figure shows that firms in

French civil law countries are much less likely to borrow in local currency and much more

likely to borrow in USD-denominated debt as a foreign currency than firms in English

common law countries.

Table 2.8 reports detailed statistics for firms’ debt currency choices in individual coun-

tries and all legal origins. Overall, we find that firms operating in common law countries

are more likely to issue debt in their local currency compared to firms in civil law coun-

tries. That is, while 89.93% of firm’s debt in English common law countries is issued in

local currency, this is the case for only 77.77% of firm’s debt in civil law countries. On the

other hand, firms in French civil law countries borrow 37.87% in USD denominated arm’s

length debt and 33.98% in USD denominated bank debt. These findings are consistent

with the idea in Mellor et al. (2024) and Thiel (2000) that in international transactions

contracting parties may attempt to mitigate an unfavorable institutional environment by

borrowing in US dollars, which often comes with the protection of New York law and US

courts.
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2.4 Results

2.4.1 Legal Origin, Investor Protection, and Debt Structure

We examine the empirical patterns documented from Section 2.3 in a multivariate context

at the firm level. That is, we run the following regression models

yi,j,c,t = β1×1Frenchc +β2×1Germanc +β3×1Scandinavianc + δ′Xi,j,c,t +ηj +ηt + εi,j,c,t,

(2.7)

where i indexes firms, j industries, c countries, and t year-quarter, the independent vari-

ables y are measures of ownership concentration, debt maturity, secured debt, or debt

currency. Further, 1French, 1German, and 1Scandinavian are dummies which equal one

if a firm belongs to the French, German, or Scandinavian legal origin, respectively. In

addition, X denotes a vector of control variables including firms’ assets and age, and GDP

per capita. Finally, ηj and ηt denote industry and year-quarter fixed effects.

To explore how our results relate to country-specific measures of legal protection and,

thus, exploit more granular variation, we rely on the anti-self-dealing index from Djankov

et al. (2008b), ASD. The anti-self-dealing index measures the legal protection against

expropriation by corporate insiders. The index is available for most of our sample coun-

tries and focuses on private enforcement mechanisms, such as disclosure, approval, and

litigation, that govern a specific self-dealing transaction. The index exhibits substantial

cross-sectional variation across our sample countries as can be seen from Appendix Table

A2. On average, the index is higher for common law countries compared to civil law

countries. That is, we also run the following regression models:

yi,j,c,t = β × ASDc + δ′Xi,j,c,t + ηj + ηt + εi,j,c,t, (2.8)
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and

yi,j,c,t = β × ASDc × size groupi,j,c,t + δ′Xi,j,c,t + ηj + ηt + εi,j,c,t, (2.9)

where size group denotes four groups formed based on the quartiles of firm size within

a country, with firm size measured as total assets in US Dollars. The size quartiles

serve two important purposes: First, they categorize firms into size groups within the

population, rather than in our final sample12. This ensures that even if the final sample

is skewed towards larger firms due to data availability, we can still mitigate concerns

about a potential bias by studying different segments of the true spectrum of firms in the

economy.

Second, the interaction between legal protection and firm size allows us to explore

the heterogeneous effects of investor protection across different size groups. This choice

is further motivated by the observation that many of the largest firms are international,

and for these firms, it is often possible to access the protection of New York law and of

US courts, almost irrespective of where they are located.

Debt Ownership Concentration

Table 2.9 reports the regression results when we use the number of creditors, bondholders,

banks, and lead arrangers as independent variables. Even when controlling for size, age,

GDP per capita and fixed effects, we find that total debt ownership in civil law countries

is more concentrated compared to English common law countries. That is, the point

estimates for all three dummy variables are negative and, for French and Scandinavian

legal origins, highly statistically significant. The same findings are true when we exclu-

sively focus on arm’s length debt. That is, the number of total creditors and arm’s length

creditors are significantly lower for civil law countries. In contrast, in the case of bank

debt we find that both the number of banks as well as the number of lead arrangers are
12The first time in our data preparation when we have firm size is after we merge the data in Capital

IQ with our balance sheet information in Compustat, Worldscope, and Amadeus. This is the point where
we form the size quartiles.
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higher in civil law countries. That is, bank debt ownership is less concentrated in civil law

countries. Overall, our regression results are entirely consistent with the unconditional

sample averages presented in Section 2.3.2. Therefore, our results are unlikely driven by

individual outliers in our sample.

Importantly, our results also hold when we allow for more granular variation in the

variable that relates to legal system of our sample countries. In fact, the interpretation

of the results is qualitatively the same when we employ the anti-self-dealing index from

Djankov et al. (2008b) and run the regression models from equations (2.8) and (2.9).

That is, the regression coefficient of the anti-self-dealing index is positive for the number

of total debt and arm’s length debt creditors but negative for the number of banks and lead

arrangers. The lack of statistical significance in these coefficients hints to the possibility

that the relationship between legal environment and debt ownership concentration might

not be equally strong for all firms within a certain country. For example, one would expect

country-specific legal protection for creditors to matter more for smaller, locally active

firms and less so for large, international firms which have access to international credit

markets. Columns (9) and (10) of Table 2.9 confirm this conjecture in the data. That

is, we find a highly statistically significant and positive relationship between the anti-self-

dealing index and the number of total debt or bond creditors for all firms except the very

large firms, i.e., firms in the highest quartile of the country-specific size distribution in

the population. In terms of economic significance, a one standard deviation increase in

the anti-self-dealing index corresponds to an increase of 118.5, 57.6, 18.9 in the number

of creditors, respectively for small, medium, and large firms. This effect is economically

large given the unconditional sample average of about 136 creditors. The effect on very

large firms is negligible. Moreover, we see the monotonically decreasing point estimates

of the ASD-coefficient from the smallest to largest size group as further confirmation of

our prior. Notably, the pattern changes in columns (11) and (12) of Table 2.9 for the

number of banks and lead arrangers.
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In Table 2.10 we repeat the analysis from Table 2.9 for an alternative measure of debt

ownership concentration, namely the number of creditors required to cross an ownership

threshold of 30%.13 All our findings are robust to this alternative specification. Overall,

debt ownership concentration is positively correlated with legal protection. Further, this

positive relationship is strongest for small firms and gets gradually weaker with firm size.

That is, a one standard deviation increase in the anti-self-dealing index corresponds to an

increase of about 0.5 to 1 in the number of creditors required to cross 30% of ownership.

This is an economically significant increase given that the unconditional average is about

4. For further robustness, Appendix Tables A3 and A4 tabulate regression results for

the two remaining measures of debt ownership concentration, namely the cumulative

ownership measure, C10, and HHI. Again, all our results are robust to these alternative

specifications.

Discussion of Debt Ownership Concentration Results

Our results accord well with the empirical predictions of the theoretical model of Gennaioli

and Rossi (2013), who predict that the “dispersion of noncontrolling creditors should be

observed at relatively high levels of investor protection” (p. 604). This prediction is

the opposite of the traditional idea that debt dispersion makes lenders tough following a

strategic default (Bolton and Scharfstein (1996)), implying that firms should borrow from

more lenders when enforcement cost is higher (Diamond (2004)). It is useful to discuss

briefly here the sources of these different theoretical predictions (the reader can of course

always read the original contributions).

Gennaioli and Rossi (2013) study theoretically the optimal debt structure to resolve

financial distress, and outline under which conditions such debt structure yields an efficient

resolution of financial distress. Their model is in the tradition of Aghion and Bolton

(1992) and Hart and Moore (1998), in that debt contracts can allocate control rights
13Note that all results remain qualitatively similar when we use the number of creditors required to

cross an ownership threshold of 10% or 20%, respectively.
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over the reorganization versus liquidation decision, and cash flows are less pledgeable

than liquidation proceeds. Unlike Aghion and Bolton (1992) and Hart and Moore (1998),

Gennaioli and Rossi (2013) allow for multiple creditors.

Gennaioli and Rossi (2013) find that the optimal debt structure consists of two classes

of creditors. One class is concentrated on a large creditor (a ‘bank’) who has exclusive

control over the liquidation versus reorganization decision. This creditor is given both

physical collateral and an equity stake in the reorganized firm. Crucially, this equity

claim is undercollateralized, in the sense that it pledges a share of physical assets that is

smaller than the creditor’s equity stake. The other debt class is dispersed among small,

atomistic creditors who have no control rights. These creditors are entitled to obtain some

liquidation proceeds but are ‘wiped out’ in reorganization.

The logic of this debt structure is insightful. Giving the large creditor equity in the re-

organized firm removes the creditor’s liquidation bias. In addition, under-collateralization

makes him fully internalize the upside of reorganization. Under-collateralization, the novel

feature of Gennaioli and Rossi (2013), works best in the presence of a second debt class:

distributing the remaining liquidation proceeds to a debt class without control rights,

as opposed to ‘leaving them on the table,’ maximizes total repayment to all creditors.

The debt class of non-controlling creditors should then be dispersed to prevent collusion,

which would reintroduce a liquidation bias. The presence of two debt classes differing

in their control rights rationalizes the coexistence of ‘bank’ and ‘arm’s-length’ debt in a

firm’s debt structure. As a result, Gennaioli and Rossi (2013) predict that debt owner-

ship dispersion should increase with investor protection, and in particular “The notion of

investor protection relevant for this prediction is broader than that of creditor rights and

includes shareholder protection against managerial self-dealing and tunneling” (Gennaioli

and Rossi (2013), p.624).

This notion differs from the traditional idea that debt dispersion makes lenders tough

following a strategic default, e.g., Bolton and Scharfstein (1996), and Diamond (2004), and
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as a result one should expect firms to borrow from more creditors when the institutional

environment is weaker. The key driver of the different predictions is that, unlike Gennaioli

and Rossi (2013), neither Bolton and Scharfstein (1996) nor Diamond (2004) study the

allocation of control rights over the liquidation decision.

Debt Security

Next, we examine how creditor protection correlates with the firms’ choice to issue debt

secured by collateral rather than unsecured debt. To do so, we rely on the creditor rights

index from Djankov et al. (2007) rather than the anti-self-dealing index used before in

regression specifications otherwise similar to equations 2.8 and 2.9. In fact, the creditor

rights index measures directly the rights of secured creditors in bankruptcy, and it is

therefore more appropriate to examine cross-country variation in secured debt.

Table 2.11 reports regression results when we use a firm’s fraction of secured debt

as an independent variable. Two main findings emerge. First, firms operating in civil

law countries are significantly less likely to issue secured debt compared to common law

country firms. This finding is consistently true for total debt, arm’s length debt, and

bank debt. Perhaps not surprisingly, the results are weakest for bond debt which rarely

happens to be secured by collateral, as can be seen from Table 2.7. Consistent with these

findings, we estimate a highly statistically significant positive association between the

creditor rights index and the tendency to issue secured debt.

Second, our results show that the strong and positive association is entirely due to

the large and very large firms in our sample. In fact, the association between creditor

rights and issuance of secured debt is even negative for firms in the smallest size group.

That is, while creditor rights and secured debt seem to be substitutes for small firms, they

appear to be complements for large firms. Our estimates are economically meaningful.

For example, for total debt, a one standard deviation increase in the creditor rights index

corresponds to a 4.98 percentage point increase in the fraction of secured debt. At the
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unconditional sample average, this implies an increase of about 16% in the fraction of

secured debt.

Debt Maturity and Currency

Table 2.12 reports the regression results for debt maturity. Overall, the reported results

suggest that better legal protection results in longer maturity for arm’s length debt. That

is, firms in civil law countries tend to issue debt with shorter maturity compared to firms in

common law countries. As usual, bank debt behaves differently to bond debt. Therefore,

bank debt maturity is longer in countries that have lower legal protection as measured by

the anti-self-dealing index from Djankov et al. (2008b). In terms of economic significance,

a one standard deviation increase in the anti-self-dealing index corresponds to an increase

of 1.06, 0.64, 0.42, and 0.36 years in the maturity of arm’s length debt, respectively for

small, medium, large, and very large firms. Yet, these effects are partly offset by the

simultaneous decrease in the maturity of bank debt, such that the maturity of total debt

is only significantly positively correlated with legal protection for small-to-medium-size

firms.

In Table 2.13 we explore the relationship between legal creditor protection and firms’

debt currency choice. Overall, the regression results suggest that civil compared to com-

mon law countries issue to lesser (higher) extent debt denominated in the local currency

(in US Dollars). Moreover, the signs of our coefficient estimates of the anti-self-dealing

index indicate that small firms operating in low creditor protection countries are more

likely to issue debt denominated in US Dollars rather than in their local currency. This

pattern suggests that issuing US Dollar denominated debt is a (imperfect) substitute for

legal creditor protection. While our data is too noisy to recover precise statistically sig-

nificant estimates, the sign and relative size of the coefficient estimates are in line with

our interpretation of the data.

Overall, our results indicate that two ways by which firms try to mitigate a weak
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legal protection is by issuing debt with a short time to maturity and denominated in

US Dollars. These results are in line with the prediction by Diamond (2004) that debt

maturity should negatively correlate with enforcement costs, and with the general idea

that USD denominated debt may come with the protection of New York law and of US

courts, e.g., see Hébert and Schreger (2017) and Mellor et al. (2024). Therefore, our

results point to a trade-off between debt ownership concentration on the one hand, and

debt maturity and US dollar denomination of debt contracts on the other hand.
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2.5 Conclusion

Combining different datasets for the first time and conducting manual checks for thou-

sands of firms, we construct a new data set on corporate debt structures around the world.

Our database pieces together the debt structure of 10,136 public and private firms from

52 countries between 2002 and 2021, comprising 124,101 corporate bond issues held by

63,323 bondholders and 85,817 bank loans and credit lines extended by 10,154 banks.

There are three main parts of our analysis. First, we provide an anatomy of corporate

debt structure around the world. Corporate leverage is remarkably similar across the

world at about one third of the firm’s assets. Bank loans are the most common form

of debt financing, followed by arm’s length debt and credit lines, but there is a lot of

heterogeneity.

Second, we examine the association between debt structure (and debt ownership con-

centration) and legal origin. Total debt ownership is most concentrated in civil law coun-

tries, and most dispersed in common law countries. This is a novel result in the literature.

There is considerable heterogeneity: In common law countries the debt structure features

dispersed debt ownership, with dispersed arm’s length borrowing coexisting with concen-

trated and secured bank borrowing. In civil law countries firms mitigate the unfavorable

institutional environment by borrowing from more banks (but far fewer arm’s length cred-

itors), at shorter maturity, and by borrowing in USD-denominated (foreign) debt. These

patterns are strongest for small-to-medium size firms, whereas the largest firms are able

to achieve dispersed debt ownership by international investors (and the protection of US

courts) almost irrespective of their country of incorporation.

Third, we associate corporate debt structure with institutional characteristics related

to legal origin. We find that provisions that protect small outside investors from the

self-dealing activities of managers or dominant insiders are significant correlates of corpo-

rate debt structure. Stronger protection against self-dealing correlates with higher total
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debt dispersion, and with higher dispersion in arm’s length debt ownership. This pat-

tern holds for all but the largest firms. By contrast, for all firms, and particularly for

the larger ones, better anti-self-dealing provisions correlate with lower bank ownership

dispersion. Stronger protection against self-dealing also correlates with longer maturity

of arm’s length debt. The effect is largest for the smallest firms, declines monotonically

with firm size, and remains strongly significant for all but the largest firms. We also find

that rights of secured creditors in bankruptcy are significant correlates of the likelihood of

debt being secured by collateral. The stronger the creditor rights, the larger the likelihood

that total debt is secured by collateral. This result is entirely driven by bank debt.

These results support the key insights of the law and finance literature. Consistent

with La Porta et al. (1998) and La Porta et al. (2008), we find that debt ownership dis-

persion is largest in countries with better investor protection. In particular, our results

are consistent with Gennaioli and Rossi (2013), who rationalize the coexistence of con-

centrated bank debt and dispersed arm’s length debt in the firm’s debt structure, and

predict that dispersion of total debt and arm’s length debt should increase with investor

protection. Our results on debt maturity are consistent with the prediction of Diamond

(2004) that firms in poor investor protection countries should mitigate the unfavorable

institutional environment by borrowing more short term. Overall, our results highlight

the substitutability of debt ownership concentration with debt maturity and currency. In

better institutional environments, firms are more likely to borrow from many dispersed

creditors at longer maturities and in local currencies, whereas in worse institutional envi-

ronments firms are more likely to borrow from fewer creditors at shorter maturities and

in USD denominated debt contracts.

We view this paper as a first step in reassessing fundamental questions in corporate

finance, related to the determinants and consequences of corporate debt structure. Our

analysis abstracts from the exact role of banks and bondholders on how to resolve finan-

cial distress, on how to renegotiate or restructure debt, on whether to liquidate corporate
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assets and how to allocate the proceeds, in or outside of formal bankruptcy proceedings.

Banks and bondholders might be relatively passive or play a more active role, on their

own or in coalition with others. Future work should examine in detail the mechanics of

resolving financial distress when the corporate debt structure comprises many heteroge-

neous creditors in a number of separate debt classes, and should examine in detail the

international dimension of corporate debt structure and the resolution of financial distress.
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Table 2.2: Summary Statistics

Country Num
Firms

Num
Firm Quarters

% of
Public
Firms

Total
Assets

USD (m)

Total
Debt

USD (m)
Leverage

Arm’s length
Debt

Observed %

Loans
Observed %

Lines
Observed %

Identified
Instruments

%

Total Debt
Ownership
Observed %

Australia 278 1557 56.65 2,592.39 653.70 27.46 4.47 33.79 46.19 84.45 81.74
Bermuda 55 778 68.12 7,454.64 1,636.46 32.30 26.08 40.27 14.57 80.92 70.57
Canada 577 8200 64.76 4,798.94 1,377.12 30.33 30.88 18.20 37.40 86.48 71.91
Cayman Islands 12 193 58.55 1,835.67 517.37 27.18 16.61 42.06 28.05 86.71 79.41
Guernsey 11 66 19.70 1,609.18 635.08 36.32 15.23 47.93 17.30 80.46 70.56
Hong Kong 194 1237 75.59 4,172.63 743.31 24.34 6.59 70.17 3.77 80.53 75.76
India 202 853 83.47 4,312.84 1,473.40 43.52 3.60 67.05 2.94 73.59 71.40
Ireland 55 587 65.25 9,562.39 2,953.42 31.72 25.81 32.01 24.13 81.95 71.18
Israel 14 68 86.76 2,572.92 1,076.65 38.19 6.07 62.65 13.03 81.75 76.81
Jersey 10 59 18.64 3,251.63 582.84 26.46 26.11 18.57 44.67 89.35 75.00
Malaysia 56 388 75.77 1,632.88 570.56 28.95 0.75 63.94 15.21 79.89 79.29
New Zealand 41 273 53.85 993.11 243.41 26.14 1.15 25.38 61.74 88.27 87.47
Pakistan 16 196 91.33 767.02 138.25 27.18 0.00 78.82 0.00 78.82 78.82
Qatar 12 44 97.73 5,813.67 1,397.85 26.07 0.91 67.07 3.95 71.93 71.05
Saudi Arabia 35 525 96.57 7,569.39 3,130.48 40.47 0.59 78.60 1.01 80.19 79.62
Singapore 108 942 43.10 2,349.95 642.10 29.24 8.80 66.53 4.16 79.49 74.15
South Africa 32 168 83.93 3,914.85 1,072.61 24.30 1.97 50.74 24.16 76.88 75.13
Thailand 51 432 80.79 1,244.22 495.78 37.91 2.12 75.11 0.37 77.60 75.77
United Arab Emirates 33 370 75.41 6,079.63 1,181.99 26.81 7.74 75.38 1.39 84.52 78.49
United Kingdom 579 4347 50.59 4,967.38 962.29 28.99 10.90 34.68 41.05 86.63 80.12
United States 4449 73401 56.68 8,077.90 2,263.36 33.57 41.69 23.62 22.27 87.57 71.45
English Common Law 6820 94684 58.19 7,286.66 2,022.68 32.83 36.26 26.61 23.93 86.81 72.35
Denmark 31 224 65.18 5,753.88 1,214.20 27.44 8.89 55.55 20.41 84.85 78.77
Finland 59 576 60.59 3,881.11 1,029.62 33.90 17.99 54.16 6.96 79.11 64.13
Norway 131 1334 76.39 2,227.01 662.81 37.93 31.66 35.18 16.55 83.38 65.57
Sweden 98 886 74.72 2,943.71 838.11 33.78 13.94 44.77 23.46 82.17 74.10
Scandinavian Civil Law 319 3020 72.05 3,014.35 825.10 35.17 22.16 43.12 17.03 82.32 68.78
Austria 22 180 90.00 5,019.25 1,439.35 29.79 18.56 35.66 23.14 77.37 61.06
China 140 889 89.20 3,670.39 771.10 26.59 11.07 69.56 1.18 81.81 74.59
Germany 209 1963 78.76 4,157.44 1,318.02 31.64 7.96 56.69 16.48 81.13 74.98
Japan 997 10990 84.20 2,287.67 602.56 25.65 1.68 65.74 10.64 78.07 76.66
Poland 31 305 59.67 3,144.47 713.42 29.11 8.45 51.03 18.94 78.42 73.49
South Korea 41 220 93.64 4,012.44 1,304.75 31.87 7.44 63.50 5.51 76.45 72.22
Switzerland 68 353 70.82 4,181.25 1,328.50 28.30 9.79 41.22 26.64 77.64 70.34
Taiwan 412 5424 88.57 1,116.89 360.40 32.46 1.20 60.13 16.31 77.64 76.57
German Civil Law 1920 20324 84.61 2,304.90 643.69 28.29 3.03 62.60 12.76 78.39 76.04
Argentina 19 158 92.41 2,031.68 410.68 23.49 33.15 52.36 0.00 85.52 65.90
Belgium 40 316 61.71 4,156.26 1,390.78 32.37 18.16 47.31 15.97 81.44 68.70
Brazil 41 201 60.20 2,928.90 857.41 30.52 18.38 51.78 2.24 72.41 61.55
Chile 25 203 96.55 4,868.53 1,460.57 29.29 32.24 43.46 0.00 75.70 58.70
Colombia 10 76 98.68 11,538.62 3,347.42 40.59 49.36 28.51 0.26 78.12 52.60
France 270 1828 53.99 5,900.08 1,767.98 32.22 15.62 49.12 16.53 81.27 70.90
Greece 48 280 54.64 1,489.66 725.13 48.43 4.16 63.31 10.94 78.41 75.88
Indonesia 63 781 96.54 1,200.38 421.38 36.77 5.96 62.17 14.34 82.47 78.82
Italy 127 1048 55.44 4,020.21 1,456.70 32.94 12.25 58.77 8.31 79.32 70.31
Kuwait 19 155 74.84 3,103.55 933.04 33.07 0.00 70.34 6.90 77.24 77.24
Luxembourg 26 293 82.25 18,559.37 4,108.73 33.28 29.94 45.58 12.86 88.37 70.97
Mexico 62 938 84.65 6,586.55 2,620.79 34.91 35.50 44.32 2.20 82.02 62.50
Netherlands 97 758 52.11 5,669.77 1,724.40 29.60 12.47 42.52 28.38 83.37 76.35
Oman 13 158 97.47 5,381.85 624.47 32.69 10.24 74.18 1.13 85.55 76.14
Peru 17 198 84.85 1,750.50 443.17 32.71 36.41 44.60 0.00 81.01 60.09
Philippines 25 206 83.50 2,827.69 1,217.17 36.44 9.48 64.08 1.12 74.69 66.49
Russia 49 348 72.13 16,259.83 4,900.19 36.86 0.55 72.49 0.50 73.54 73.04
Spain 102 872 66.17 5,937.51 2,121.28 42.54 9.03 68.24 5.03 82.30 75.76
Turkey 24 334 90.42 4,461.52 1,615.26 40.31 9.61 68.00 0.00 77.61 71.00
French Civil Law 1077 9151 69.70 5,566.80 1,766.34 34.68 15.93 54.81 10.06 80.80 70.88
World 10136 127179 63.57 6,265.34 1,755.43 32.29 29.15 34.79 20.99 84.93 72.75

This table presents an overview of the debt structure and coverage within our sample of debt instruments
at the firm level, categorized by country. The reported figures represent averages derived from firm-
quarter observations within each country. The initial five columns delineate key attributes of firms
within our sample for each country, including the number of firms, number of quarterly observations, the
percentage of public firms, total assets (in USD millions), total debt (in USD million), and the leverage
(total debt/total assets) expressed as a percentage. The subsequent columns provide distinct measures of
debt coverage within our sample, all presented as percentages of total debt. These include the outstanding
amounts of Arm’s length debt specific to instruments in our sample, outstanding amounts of term loans
specific to loans in our sample, outstanding amounts of drawn lines of credit specific to lines in our sample,
the total outstanding amount of observed debt instruments (comprising bonds, loans, and lines of credit),
the total ownership observed for these debt instruments. Missing data are disregarded in calculating the
averages.
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Table 2.3: Debt Ownership Concentration - Bank Debt

Country
Num of
Tranches

(loans & lines)

Num of
Loans

Num of
Lines of
Credit

Num
Lenders

Num
Lead

Arrangers

Herfindahl
of Lenders
Amounts

Num
to Cross
10%

Num
to Cross
20%

Num
to Cross
30%

Australia 3.40 1.34 2.06 8.41 4.77 27.99 1.09 1.43 1.93
Bermuda 3.61 2.66 0.96 10.64 7.40 20.94 1.15 1.74 2.51
Canada 1.91 0.75 1.15 6.92 2.01 24.35 1.12 1.63 2.23
Cayman Islands 4.13 3.55 0.58 8.92 3.25 24.49 1.04 1.36 1.81
Guernsey 1.98 1.35 0.64 4.48 2.80 66.27 1.08 1.23 1.35
Hong Kong 2.21 1.92 0.29 15.30 8.05 16.51 1.18 1.86 2.69
India 3.90 3.67 0.24 14.58 4.53 28.04 1.11 1.49 2.07
Ireland 2.80 1.86 0.95 11.84 4.29 22.67 1.24 1.85 2.52
Israel 2.03 1.62 0.41 7.97 3.41 34.05 1.18 1.61 1.94
Jersey 1.53 0.42 1.10 3.78 3.27 53.07 1.14 1.34 1.62
Malaysia 3.50 3.16 0.34 7.31 4.65 33.73 1.02 1.25 1.64
New Zealand 3.52 0.73 2.80 3.66 2.29 37.43 1.00 1.04 1.27
Pakistan 1.11 1.11 0.00 5.55 3.39 31.54 1.04 1.40 1.88
Qatar 2.20 1.98 0.23 14.86 8.86 25.16 1.34 2.11 3.09
Saudi Arabia 3.85 3.80 0.06 13.02 11.19 27.54 1.15 1.66 2.30
Singapore 2.11 1.85 0.25 7.83 4.49 28.98 1.04 1.36 1.87
South Africa 3.44 2.32 1.12 11.20 6.46 25.04 1.21 1.73 2.40
Thailand 2.40 2.25 0.15 5.94 3.31 35.17 1.01 1.23 1.46
United Arab Emirates 2.38 2.22 0.15 11.12 6.18 20.82 1.26 1.88 2.72
United Kingdom 2.47 1.35 1.11 7.74 4.67 30.48 1.11 1.53 2.03
United States 1.99 1.05 0.95 9.33 2.76 24.49 1.20 1.83 2.54
English Common Law 2.10 1.14 0.96 9.15 3.05 25.05 1.18 1.76 2.43
Denmark 3.19 2.55 0.63 9.12 7.44 24.52 1.29 1.87 2.55
Finland 2.69 2.12 0.57 6.68 4.72 26.01 1.10 1.42 1.82
Norway 2.19 1.59 0.61 4.97 3.54 29.13 1.07 1.38 1.80
Sweden 3.32 2.50 0.81 6.57 5.23 36.10 1.13 1.50 1.91
Scandinavian Civil Law 2.69 2.03 0.66 6.07 4.55 30.22 1.11 1.47 1.90
Austria 5.24 4.54 0.69 9.96 7.01 21.47 1.02 1.33 1.91
China 1.54 1.48 0.06 8.56 4.27 26.98 1.07 1.44 1.96
Germany 4.74 3.99 0.76 12.08 6.90 25.94 1.24 1.84 2.51
Japan 3.89 3.47 0.42 7.74 1.82 26.87 1.02 1.24 1.63
Poland 2.33 1.62 0.71 9.69 7.87 19.17 1.23 1.96 2.90
South Korea 4.58 4.34 0.25 11.20 5.39 22.61 1.00 1.21 1.72
Switzerland 2.45 1.68 0.77 13.41 6.14 23.62 1.32 2.07 2.92
Taiwan 3.70 2.81 0.88 13.16 5.95 13.70 1.11 1.72 2.46
German Civil Law 3.79 3.22 0.57 9.82 3.77 22.99 1.08 1.46 2.00
Argentina 1.24 1.24 0.00 4.13 2.30 35.95 1.07 1.53 2.01
Belgium 2.63 1.73 0.90 10.69 6.06 25.77 1.27 1.89 2.61
Brazil 2.05 1.94 0.11 8.33 3.12 24.12 1.09 1.56 2.09
Chile 1.57 1.55 0.02 9.13 2.74 17.27 1.26 1.98 2.97
Colombia 1.55 1.41 0.14 4.93 2.97 30.07 1.08 1.60 2.22
France 4.00 2.81 1.20 11.82 6.46 18.70 1.15 1.78 2.53
Greece 3.77 3.28 0.49 9.49 4.31 30.32 1.10 1.48 2.01
Indonesia 2.56 1.91 0.65 11.23 5.91 23.13 1.10 1.57 2.14
Italy 3.56 2.70 0.86 10.72 6.21 20.67 1.15 1.74 2.47
Kuwait 2.93 2.66 0.27 15.37 5.57 22.21 1.61 2.47 3.48
Luxembourg 3.13 2.18 0.95 14.35 8.88 27.02 1.23 1.77 2.43
Mexico 2.01 1.78 0.23 10.44 3.64 20.60 1.21 1.81 2.58
Netherlands 3.39 2.34 1.06 11.63 6.34 19.33 1.32 2.06 2.84
Oman 1.87 1.83 0.04 10.08 7.03 19.71 1.23 1.87 2.57
Peru 0.84 0.84 0.00 4.88 1.38 27.47 1.15 1.45 1.90
Philippines 3.70 3.63 0.07 17.90 7.52 24.60 1.17 1.77 2.65
Russia 4.37 4.28 0.09 18.90 11.59 24.85 1.23 1.98 2.78
Spain 4.08 3.45 0.63 19.21 10.38 17.91 1.24 2.00 2.90
Turkey 4.46 4.46 0.00 11.41 6.98 22.10 1.17 1.70 2.47
French Civil Law 3.23 2.58 0.65 12.11 6.32 21.47 1.19 1.81 2.55
World 2.46 1.60 0.87 9.40 3.43 24.49 1.16 1.70 2.35

This table outlines the consolidated ownership concentration measures of bank debt (loans and lines of
credit) at the firm level. The reported figures represent averages derived from firm-quarter observations
within each country. The defined statistics include the total number of tranches (comprising loans and
lines), the count of lenders, the count of domestic lenders, the Herfindahl–Hirschman index of lenders’
amount, lending percentages of the 1, 3, 5, and 10 largest lenders in relation to the total tranches amount,
the count of lenders to cross the thresholds of 10%, 20%, and 30% of ownership in total tranches amount.
Missing data are disregarded in calculating the averages.
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Table 2.4: Debt Ownership Concentration - Arm’s Length Debt

Country
Bonds
Avg size
USD m

Bonds Outstanding
PAR % of
Total Debt

Bond Ownership
Observed % of

Outstanding PAR

Num of
Bond Issues

Num of
Bondholders

Herfindahl of
Bondholders
Ownership

Num
to Cross
10%

Num
to Cross
20%

Num
to Cross
30%

Australia 262.49 4.47 31.23 0.31 7.36 9.16 1.33 2.25 3.73
Bermuda 303.21 26.08 48.64 1.39 69.81 6.69 1.36 2.66 4.45
Canada 252.99 30.88 45.90 2.34 105.21 6.51 1.74 3.53 6.15
Cayman Islands 312.99 16.61 53.91 0.73 38.74 7.44 1.17 2.02 3.30
Guernsey 266.28 15.23 33.46 0.52 23.44 9.68 1.29 2.12 2.88
Hong Kong 326.75 6.59 22.22 0.35 8.52 14.96 1.09 1.86 2.81
India 194.00 3.60 31.91 0.45 7.54 26.58 1.10 1.52 2.21
Ireland 446.12 25.81 58.15 3.54 175.51 4.05 1.86 3.94 6.92
Israel 612.49 6.07 16.72 0.22 6.62 15.79 1.50 2.00 2.50
Jersey 388.48 26.11 42.24 0.73 26.69 11.56 1.06 1.78 2.61
Malaysia 74.37 0.75 10.43 0.06 0.27 46.13 1.00 1.00 1.00
New Zealand 259.38 1.15 11.08 0.05 0.65 3.94 2.00 3.00 5.00
Pakistan . 0.00 . 0.00 0.00 . . . .
Qatar 420.00 0.91 3.78 0.05 0.23 . . . .
Saudi Arabia 625.00 0.59 1.94 0.01 0.03 . . . .
Singapore 192.53 8.80 32.36 0.64 19.63 11.62 1.36 2.31 3.78
South Africa 172.82 1.97 21.42 0.21 3.96 30.65 1.00 1.00 1.00
Thailand 80.82 2.12 25.66 0.22 0.78 60.37 1.00 1.00 1.00
United Arab Emirates 480.81 7.74 20.30 0.54 16.60 8.98 1.70 3.10 4.85
United Kingdom 385.58 10.90 37.13 0.64 33.72 5.73 1.65 3.38 5.80
United States 350.78 41.69 60.50 3.56 194.08 4.83 1.83 3.86 6.77
English Common Law 342.00 36.26 58.23 3.05 163.47 5.05 1.82 3.81 6.67
Denmark 613.41 8.89 32.70 0.33 17.81 8.05 1.00 1.85 2.92
Finland 267.02 17.99 15.77 0.95 22.96 8.76 1.29 2.50 4.29
Norway 116.24 31.66 38.39 2.69 24.76 10.55 1.22 2.19 3.35
Sweden 197.60 13.94 37.67 0.85 19.17 10.59 1.31 2.24 3.55
Scandinavian Civil Law 179.52 22.16 33.54 1.64 22.26 10.44 1.24 2.20 3.40
Austria 368.49 18.56 11.58 1.12 32.48 5.65 1.38 2.75 5.00
China 287.44 11.07 28.92 0.52 20.00 11.59 1.35 2.29 3.62
Germany 516.02 7.96 19.21 0.38 20.80 6.50 1.34 2.46 4.19
Japan 166.45 1.68 16.94 0.21 2.99 46.16 1.02 1.17 1.44
Poland 102.55 8.45 38.75 0.88 9.29 12.94 1.15 1.96 2.84
South Korea 227.20 7.44 28.02 0.38 8.98 24.17 1.29 1.82 2.71
Switzerland 338.93 9.79 19.63 0.44 12.80 8.12 1.58 3.00 5.16
Taiwan 109.30 1.20 15.07 0.07 0.45 74.96 1.00 1.06 1.18
German Civil Law 241.51 3.03 19.03 0.23 5.37 31.01 1.17 1.76 2.61
Argentina 160.86 33.15 39.58 1.15 28.58 11.09 1.02 1.33 2.14
Belgium 238.64 18.16 22.68 0.97 32.28 8.39 1.11 2.16 3.36
Brazil 235.15 18.38 36.13 0.97 50.18 8.85 1.50 2.67 4.11
Chile 1,016.41 32.24 47.01 1.60 49.23 14.15 1.10 1.79 2.78
Colombia 552.90 49.36 45.96 2.26 213.07 4.48 1.68 3.28 5.60
France 517.06 15.62 29.56 1.16 66.58 9.00 1.67 3.37 5.94
Greece 307.09 4.16 32.25 0.23 7.00 12.92 1.00 1.19 1.54
Indonesia 313.30 5.96 31.75 0.18 8.78 8.24 1.26 2.02 3.33
Italy 552.70 12.25 23.89 0.55 33.61 7.37 1.25 2.19 3.81
Kuwait . 0.00 . 0.00 0.00 . . . .
Luxembourg 582.39 29.94 41.52 3.09 237.10 3.48 2.44 5.88 10.95
Mexico 269.64 35.50 42.31 3.61 132.37 8.18 1.48 2.84 4.91
Netherlands 582.20 12.47 41.27 0.81 58.53 3.32 2.05 4.41 7.80
Oman 328.85 10.24 5.43 0.41 6.04 . . . .
Peru 155.99 36.41 41.05 1.19 30.53 10.02 1.11 1.72 2.89
Philippines 473.23 9.48 15.91 0.44 10.24 12.51 1.00 1.17 1.50
Russia 171.76 0.55 14.92 0.14 1.36 67.19 1.00 1.00 1.00
Spain 502.74 9.03 22.29 0.36 19.49 6.10 1.33 2.42 3.98
Turkey 339.53 9.61 29.42 0.94 35.60 5.37 1.34 2.61 4.32
French Civil Law 426.34 15.93 33.09 1.10 53.90 8.16 1.52 2.94 5.10
World 338.51 29.15 54.86 2.43 126.97 5.51 1.79 3.73 6.53

This table outlines the consolidated ownership concentration measures of Arm’s length debt (bond and
commercial papers) at the firm level. The reported figures represent averages derived from firm-quarter
observations within each country. The defined statistics include the average size of bonds (in USD
millions), outstanding bond amount as a percentage of total debt, bond holding observed in eMAXX as
a percentage of bonds outstanding amount (averaged across bonds’ par held in eMAXX and weighted
by the par outstanding of existing bonds within that quarter), the number of bonds and bondholders,
Herfindahl–Hirschman index of bondholder’s ownership, bond ownership of the 1, 3, 5, and 10 largest
bondholders as percentage observed par ownerships. Missing data are disregarded in calculating the
averages.
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Table 2.5: Debt Ownership Concentration - All Creditors

Country
Total Debt
Ownership
Observed %

Num
Creditors

Herfindahl
of Creditors
Ownership

C1 C3 C5 C10
Num

to Cross
10%

Num
to Cross
20%

Num
to Cross
30%

Australia 81.74 15.77 27.20 31.68 55.60 77.35 92.02 1.11 1.47 2.03
Bermuda 70.57 80.44 16.34 22.30 35.65 52.75 74.58 1.26 2.18 3.34
Canada 71.91 112.13 18.84 22.77 40.35 60.27 78.19 1.36 2.30 3.57
Cayman Islands 79.41 47.66 19.03 27.25 45.27 64.14 82.79 1.05 1.54 2.17
Guernsey 70.56 27.92 56.38 61.53 76.49 85.37 91.23 1.14 1.35 1.62
Hong Kong 75.76 23.82 16.07 21.55 37.60 58.17 82.29 1.18 1.89 2.76
India 71.40 22.13 27.88 36.60 51.56 68.33 86.28 1.12 1.50 2.11
Ireland 71.18 187.35 16.21 20.58 34.74 51.93 70.71 1.57 2.80 4.45
Israel 76.81 14.59 33.39 40.49 61.65 76.37 89.62 1.19 1.63 1.99
Jersey 75.00 30.47 42.51 47.96 64.65 77.02 88.24 1.17 1.46 1.83
Malaysia 79.29 7.59 33.74 38.53 64.32 80.93 95.22 1.02 1.24 1.64
New Zealand 87.47 4.32 37.11 42.77 74.58 94.95 99.55 1.00 1.04 1.29
Pakistan 78.82 5.55 31.54 34.31 52.41 78.65 98.90 1.04 1.40 1.88
Qatar 71.05 15.09 25.15 28.11 40.42 62.92 82.79 1.34 2.11 3.09
Saudi Arabia 79.62 13.05 27.53 34.81 48.59 65.24 86.02 1.15 1.67 2.31
Singapore 74.15 27.46 27.74 32.39 54.55 76.86 92.30 1.09 1.48 2.08
South Africa 75.13 15.16 24.95 28.94 48.81 69.19 86.44 1.21 1.73 2.42
Thailand 75.77 6.72 34.78 42.56 67.36 85.66 96.84 1.01 1.22 1.46
United Arab Emirates 78.49 27.72 20.04 23.80 39.30 62.90 85.55 1.29 1.94 2.86
United Kingdom 80.12 41.46 28.22 31.81 51.46 72.28 88.13 1.18 1.75 2.47
United States 71.45 203.41 16.20 21.33 33.19 47.95 65.57 1.59 2.98 4.87
English Common Law 72.35 172.62 17.79 22.79 36.16 52.09 69.66 1.51 2.75 4.42
Denmark 78.77 26.93 23.25 26.57 45.60 62.65 85.94 1.29 1.96 2.63
Finland 64.13 29.63 23.88 28.02 51.24 75.58 90.56 1.12 1.54 2.05
Norway 65.57 29.73 21.68 27.57 48.80 69.15 87.17 1.12 1.67 2.35
Sweden 74.10 25.75 30.01 35.33 55.48 74.87 89.35 1.17 1.62 2.19
Scandinavian Civil Law 68.78 28.34 24.66 29.85 50.98 71.57 88.36 1.14 1.65 2.27
Austria 61.06 42.44 19.41 26.45 45.63 68.35 89.17 1.03 1.40 2.01
China 74.59 28.57 25.42 32.35 51.30 71.56 89.13 1.10 1.55 2.19
Germany 74.98 32.88 24.70 29.13 47.43 65.98 85.01 1.25 1.87 2.62
Japan 76.66 10.73 26.72 32.84 57.70 82.14 96.38 1.02 1.24 1.64
Poland 73.49 18.98 17.78 20.58 37.54 64.63 84.46 1.25 1.98 2.99
South Korea 72.22 20.18 21.57 29.52 50.38 74.24 91.47 1.03 1.29 1.82
Switzerland 70.34 26.21 21.99 24.96 41.86 58.88 80.50 1.36 2.18 3.10
Taiwan 76.57 13.60 13.75 20.65 35.77 57.94 87.55 1.11 1.72 2.47
German Civil Law 76.04 15.19 22.67 28.79 49.81 72.79 92.04 1.08 1.47 2.03
Argentina 65.90 32.70 27.10 31.91 48.75 65.75 87.69 1.06 1.51 2.12
Belgium 68.70 42.97 23.88 27.96 44.56 64.45 83.15 1.24 1.87 2.71
Brazil 61.55 58.51 20.04 24.85 43.24 67.41 86.54 1.12 1.70 2.41
Chile 58.70 58.36 15.38 20.73 36.40 51.86 74.04 1.34 2.21 3.30
Colombia 52.60 218.00 12.20 18.24 29.35 45.65 66.84 1.43 2.41 3.75
France 70.90 78.41 17.14 21.00 37.48 60.77 83.09 1.25 2.06 3.09
Greece 75.88 16.50 29.67 35.56 51.57 68.94 89.77 1.11 1.52 2.05
Indonesia 78.82 20.02 22.02 26.99 48.27 68.82 87.70 1.12 1.64 2.26
Italy 70.31 44.33 18.96 23.08 40.99 63.21 85.29 1.19 1.84 2.66
Kuwait 77.24 15.37 22.21 28.21 47.06 62.82 79.93 1.61 2.46 3.53
Luxembourg 70.97 251.44 17.91 23.38 37.96 54.68 70.06 1.59 2.92 4.80
Mexico 62.50 142.80 13.53 18.90 32.53 50.70 69.92 1.43 2.47 3.92
Netherlands 76.35 70.17 17.52 21.49 37.97 57.59 78.46 1.42 2.34 3.38
Oman 76.14 16.13 19.40 26.43 41.44 61.35 84.24 1.28 1.93 2.70
Peru 60.09 35.40 19.71 26.90 46.03 62.97 81.27 1.15 1.61 2.33
Philippines 66.49 28.15 24.09 29.29 43.21 61.61 82.11 1.17 1.87 2.73
Russia 73.04 20.26 24.78 30.74 45.22 59.39 77.66 1.23 1.96 2.78
Spain 75.76 38.70 17.09 22.56 36.86 55.23 78.08 1.29 2.10 3.12
Turkey 71.00 47.01 18.71 26.16 39.54 59.89 83.45 1.25 1.82 2.61
French Civil Law 70.88 66.00 18.90 23.82 40.11 60.03 80.84 1.27 2.04 3.02
World 72.75 136.36 18.81 23.99 38.98 56.43 74.49 1.42 2.47 3.89

This table outlines the consolidated ownership concentration measures for all creditor. The reported
figures represent averages derived from firm-quarter observations within each country. The reported
columns show, respectively, the total ownership observed of identified debt instruments as a percentage
of total debt, number of all creditors (holding bonds, loans, or lines of credit), Herfindahl–Hirschman
index of creditors’s ownership, the ownership stake of the largest 1, 3, 5, and 10 creditors as a percentage
of total debt, Number of creditors to cross the 10%, 20%, and 30% of total debt in ownership. Missing
data are disregarded in calculating the averages.
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Table 2.6: Debt Maturity

Country Total Debt Arm’s Length Debt Bank Debt
Bank Loans Credit Lines Total Bank Debt

Australia 2.55 5.15 2.83 2.10 2.39
Bermuda 4.57 5.49 3.42 2.83 3.26
Canada 4.35 6.87 3.13 2.39 2.58
Cayman Islands 3.26 4.91 2.65 2.64 2.66
Guernsey 4.91 4.38 5.41 2.91 4.89
Hong Kong 2.31 3.46 2.23 2.31 2.18
India 5.69 5.17 5.87 3.20 5.70
Ireland 5.05 8.21 3.34 2.75 3.12
Israel 3.83 8.38 3.70 1.88 3.38
Jersey 3.43 3.64 5.54 2.69 3.47
Malaysia 3.39 3.18 3.84 1.76 3.38
New Zealand 2.37 4.58 2.34 2.33 2.31
Pakistan 5.04 . 5.14 . 5.04
Qatar 5.26 6.37 5.75 1.48 5.20
Saudi Arabia 4.99 4.68 5.04 2.14 4.97
Singapore 2.60 3.55 2.44 2.36 2.39
South Africa 2.30 2.74 2.42 2.30 2.26
Thailand 4.32 3.12 4.43 4.89 4.32
United Arab Emirates 3.65 5.97 3.44 3.30 3.40
United Kingdom 3.50 6.65 3.26 2.64 2.94
United States 5.83 8.45 3.34 2.73 3.01
English Common Law 5.39 8.19 3.35 2.67 3.00
Denmark 3.48 3.45 3.76 2.94 3.40
Finland 3.26 3.57 3.15 2.80 3.07
Norway 3.32 3.38 3.25 2.64 3.10
Sweden 3.59 3.26 3.83 2.74 3.52
Scandinavian Civil Law 3.40 3.39 3.43 2.73 3.25
Austria 3.30 2.94 4.06 2.55 3.53
China 3.88 3.56 3.99 2.40 3.87
Germany 3.37 4.44 3.38 2.64 3.23
Japan 3.34 3.77 3.74 1.24 3.36
Poland 3.19 3.24 3.38 2.64 3.19
South Korea 4.05 6.43 3.85 6.84 3.80
Switzerland 3.09 5.01 2.78 2.61 2.72
Taiwan 2.70 2.74 2.84 2.37 2.69
German Civil Law 3.20 3.76 3.46 1.98 3.18
Argentina 3.02 4.72 2.20 . 2.05
Belgium 4.13 4.82 3.75 2.72 3.44
Brazil 3.34 4.33 3.23 2.06 3.14
Chile 5.39 8.60 2.77 1.61 2.63
Colombia 5.70 7.61 3.69 3.48 3.48
France 3.57 4.60 3.38 2.83 3.19
Greece 4.59 4.97 4.61 4.49 4.64
Indonesia 2.96 3.94 3.07 2.18 2.82
Italy 3.21 4.16 3.06 2.60 3.00
Kuwait 1.91 . 1.99 1.87 1.91
Luxembourg 3.81 5.12 3.55 2.60 3.30
Mexico 5.32 7.99 2.75 2.62 2.73
Netherlands 3.55 6.35 3.16 2.42 2.90
Oman 5.35 1.89 5.40 7.86 5.31
Peru 4.38 6.20 2.82 . 2.68
Philippines 3.75 4.81 3.42 3.07 3.39
Russia 3.27 4.56 3.32 2.30 3.26
Spain 3.70 5.51 3.42 2.85 3.34
Turkey 3.35 4.97 3.35 . 3.33
French Civil Law 3.77 5.67 3.27 2.70 3.14
World 4.88 7.78 3.37 2.60 3.05

This table outlines the maturity durations, measured in years, for different types of debt. The reported
figures represent averages derived from firm-quarter observations within each country. The columns
present the overall maturity of debt, the maturity of Arm’s length debt (bonds and commercial papers),
and maturity of bank debt (loans and lines of credit). Averages within firm-quarters are computed with
weights assigned based on the par value of debt instruments. Missing data are disregarded in calculating
the averages.
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Table 2.7: Secured Debt

Country Secured Debt
(% of Total Debt)

Arm’s Length Secured Debt
(% of Total Secured Debt)

Bank Secured Debt
(% of Total Secured Debt)

Australia 18.77 3.23 96.77
Bermuda 47.38 1.68 98.32
Canada 27.11 10.48 89.52
Cayman Islands 42.32 28.11 71.89
Guernsey 33.57 0.00 100.00
Hong Kong 13.51 5.40 94.60
India 33.32 3.51 96.49
Ireland 36.03 2.41 97.59
Israel 70.03 0.00 100.00
Jersey 30.61 33.33 66.67
Malaysia 34.75 0.00 100.00
New Zealand 13.77 0.00 100.00
Pakistan 0.01 0.00 100.00
Qatar 39.56 0.00 100.00
Saudi Arabia 47.51 0.00 100.00
Singapore 17.12 3.60 96.40
South Africa 11.73 0.00 100.00
Thailand 19.26 4.07 95.93
United Arab Emirates 27.37 3.64 96.36
United Kingdom 27.10 7.15 92.85
United States 37.60 11.91 88.09
English Common Law 35.16 11.08 88.92
Denmark 43.94 0.00 100.00
Finland 17.80 4.13 95.87
Norway 45.66 12.00 88.00
Sweden 32.77 2.69 97.31
Scandinavian Civil Law 36.44 7.63 92.37
Austria 6.88 0.00 100.00
China 27.32 3.40 96.60
Germany 22.93 3.65 96.35
Japan 2.81 3.80 96.20
Poland 33.21 15.89 84.11
South Korea 23.83 0.00 100.00
Switzerland 26.90 1.60 98.40
Taiwan 58.04 0.13 99.87
German Civil Law 21.70 1.44 98.56
Argentina 17.95 0.00 100.00
Belgium 30.03 2.46 97.54
Brazil 31.42 2.74 97.26
Chile 1.35 50.00 50.00
Colombia 17.47 94.44 5.56
France 21.50 4.42 95.58
Greece 51.20 0.00 100.00
Indonesia 25.25 5.00 95.00
Italy 21.00 6.56 93.44
Kuwait 24.88 0.00 100.00
Luxembourg 39.68 6.25 93.75
Mexico 10.13 36.74 63.26
Netherlands 25.79 9.49 90.51
Oman 30.65 0.00 100.00
Peru 16.03 0.00 100.00
Philippines 15.97 0.00 100.00
Russia 61.56 0.00 100.00
Spain 33.83 5.71 94.29
Turkey 18.53 0.00 100.00
French Civil Law 24.98 6.16 93.84
World 32.31 9.72 90.28

This table describes the composition of debt in terms of security within each country. The reported
figures represent averages derived from firm-quarter observations within each country in our sample.
The columns present the secured debt (any lien) percentage of total debt, arm’s length secured debt
percentage of total secured debt, and bank secured debt percentage of total secured debt. Averages
within firm-quarters are computed with weights assigned based on the par value of debt instruments.
Missing data are disregarded in calculating the averages.
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Table 2.8: Debt Currency

Country Local
Currency %

USD
%

EUR
%

GBP
%

JPY
%

CAD
%

AUD
%

NZD
%

NOK
%

SEK
%

CHF
%

Other
Currencies %

Arm’s Length
Debt in USD (foreign)

% of Total
Arm’s Length Debt

Bank Debt
in USD (foreign)

% of Total
Bank Debt

Australia 76.35 19.36 1.72 0.71 0.00 0.18 76.35 0.92 0.00 0.00 0.02 0.73 50.61 16.55
Bermuda 0.26 95.16 1.15 1.15 0.00 0.00 0.09 0.00 0.23 0.00 0.01 2.20 92.20 94.90
Canada 61.69 36.97 0.92 0.27 0.00 61.69 0.08 0.00 0.00 0.00 0.00 0.06 42.97 33.28
Cayman Islands 0.00 84.32 0.66 0.02 0.00 0.88 0.00 0.00 0.00 0.00 0.00 14.11 94.37 76.82
Guernsey 0.00 57.65 11.27 31.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 73.13 58.58
Hong Kong 62.48 29.79 0.31 0.51 0.00 0.00 0.09 0.00 0.00 0.00 0.06 69.25 54.29 24.61
India 75.72 21.85 2.10 0.06 0.01 0.02 0.00 0.00 0.00 0.00 0.04 75.92 25.73 13.61
Ireland 25.06 70.80 25.06 3.62 0.00 0.12 0.33 0.00 0.01 0.00 0.01 0.06 87.23 68.39
Israel 17.70 80.47 1.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 17.90 65.93 82.00
Jersey 0.00 39.67 10.17 49.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 62.50 39.15
Malaysia 69.10 22.08 0.44 0.00 0.00 0.00 2.91 0.11 0.00 0.00 0.00 74.46 7.45 21.25
New Zealand 84.82 7.03 0.10 1.53 0.00 0.00 5.38 84.82 0.00 0.00 0.00 1.14 7.80 6.13
Pakistan 90.70 8.58 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 90.70 0.00 8.59
Qatar 46.21 51.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 48.53 22.22 51.80
Saudi Arabia 77.09 22.75 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 77.20 13.79 23.33
Singapore 64.83 30.39 0.20 0.12 0.01 0.00 0.65 0.00 0.00 0.00 0.00 68.63 36.80 29.48
South Africa 50.60 31.11 10.92 4.10 0.00 0.00 1.04 0.00 0.00 0.00 2.09 50.74 33.05 30.71
Thailand 65.18 31.71 0.47 0.00 0.17 0.00 0.55 0.00 0.00 0.00 0.00 67.11 4.15 31.98
United Arab Emirates 43.14 55.00 0.80 0.48 0.00 0.06 0.05 0.00 0.04 0.00 0.21 43.36 65.13 53.47
United Kingdom 68.19 24.48 6.49 68.19 0.00 0.06 0.14 0.00 0.27 0.02 0.04 0.32 46.66 23.72
United States 98.11 98.11 1.29 0.21 0.02 0.22 0.06 0.00 0.00 0.01 0.01 0.06 0.00 0.00
English Common Law 89.93 84.01 1.63 3.31 0.01 5.48 1.35 0.26 0.02 0.01 0.02 3.91 5.35 6.76
Denmark 34.17 15.62 47.53 2.02 0.00 0.00 0.00 0.00 0.64 0.00 0.00 34.19 0.00 16.98
Finland 98.49 1.14 98.49 0.04 0.00 0.00 0.00 0.00 0.01 0.15 0.10 0.07 0.72 1.74
Norway 50.16 32.62 14.67 0.82 0.00 0.08 0.00 0.00 50.16 1.32 0.01 0.32 29.24 34.09
Sweden 60.64 14.42 23.36 0.29 0.00 0.06 0.00 0.00 0.86 60.64 0.07 0.30 9.94 15.81
Scandinavian Civil Law 61.09 20.11 35.34 0.61 0.00 0.05 0.00 0.00 22.57 18.49 0.04 2.79 17.29 20.92
Austria 96.39 3.47 96.39 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.07 4.46 4.55
China 70.18 25.90 0.13 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 73.93 46.28 18.77
Germany 94.73 4.74 94.73 0.09 0.00 0.13 0.00 0.00 0.00 0.00 0.21 0.10 8.27 5.13
Japan 98.23 1.48 0.26 0.00 98.23 0.00 0.00 0.00 0.00 0.00 0.00 0.03 2.18 0.86
Poland 71.62 9.90 17.45 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.80 71.63 0.68 10.50
South Korea 58.61 40.86 0.33 0.05 0.03 0.00 0.01 0.00 0.00 0.00 0.09 58.64 19.66 33.75
Switzerland 44.29 28.07 24.93 2.65 0.00 0.00 0.00 0.00 0.00 0.03 44.29 0.03 24.66 26.77
Taiwan 85.13 13.92 0.42 0.11 0.02 0.02 0.00 0.00 0.00 0.00 0.00 85.52 6.32 12.00
German Civil Law 91.40 7.22 10.72 0.08 53.31 0.02 0.00 0.00 0.00 0.00 0.80 27.84 6.57 5.96
Argentina 35.25 63.59 1.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.25 70.48 36.32
Belgium 74.11 24.57 74.11 0.31 0.00 0.34 0.19 0.09 0.17 0.00 0.01 0.20 22.99 23.70
Brazil 62.89 32.68 4.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 62.96 16.63 35.28
Chile 1.70 43.92 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 55.93 33.22 74.76
Colombia 26.33 73.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.41 84.83 46.94
France 91.85 7.38 91.85 0.54 0.00 0.09 0.00 0.00 0.01 0.01 0.04 0.09 11.17 7.43
Greece 41.59 58.36 41.59 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.03 62.80 58.50
Indonesia 10.19 89.03 0.58 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 10.36 62.44 88.28
Italy 97.24 2.50 97.24 0.19 0.00 0.00 0.04 0.00 0.00 0.00 0.01 0.01 12.25 1.47
Kuwait 83.66 15.55 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 84.04 1.17 16.89
Luxembourg 34.70 63.56 34.70 1.41 0.00 0.03 0.00 0.00 0.00 0.01 0.11 0.18 48.58 62.80
Mexico 27.26 70.17 1.95 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.05 27.61 68.88 52.32
Netherlands 70.91 26.22 70.91 2.43 0.01 0.23 0.08 0.00 0.02 0.00 0.00 0.10 44.96 23.54
Oman 60.66 38.84 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 60.68 33.86 36.98
Peru 11.78 88.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.82 76.28 78.27
Philippines 24.08 72.56 1.19 0.48 1.27 0.02 0.01 0.00 0.00 0.00 0.07 24.42 42.63 69.90
Russia 18.43 66.56 14.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.46 46.15 64.91
Spain 93.28 5.40 93.28 0.19 0.00 0.14 0.09 0.00 0.00 0.00 0.01 0.89 10.33 5.60
Turkey 10.25 50.51 39.09 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.30 62.17 47.72
French Civil Law 58.40 37.07 50.32 0.44 0.03 0.06 0.03 0.00 0.01 0.00 0.02 12.02 37.87 33.98
World 87.30 66.92 7.26 2.53 8.57 4.10 1.01 0.19 0.54 0.44 0.14 8.29 7.10 8.80

This table describes the composition of debt in terms of currency of issue within each country. The
reported figures represent averages derived from firm-quarter observations within each country. The
columns illustrate the percentages of total debt issued in the local currency, USD, EUR, and other major
currencies. Averages within firm-quarters are computed with weights assigned based on the par value of
debt instruments. Missing data are disregarded in calculating the averages.
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Table 2.10: Creditor Concentration- Number to Cross 30%

(1) (2) (3) (4) (5) (6) (7) (8) (9)
All

Creditors
Arm’s Length
Creditors Banks All

Creditors
Arm’s Length
Creditors Banks All

Creditors
Arm’s Length
Creditors Banks

French -0.98∗∗∗ -0.92∗∗ 0.08
(0.25) (0.45) (0.08)

German -0.65 -2.31∗∗ -0.02
(0.43) (1.13) (0.26)

Scandinavian -1.53∗∗∗ -0.34 -0.44∗∗∗
(0.17) (0.48) (0.04)

anti self dealing
Index 1.07 0.28 -0.14

(1.02) (0.75) (0.28)

SizeGroup=0 × anti self dealing
Index 7.85∗∗∗ 15.27∗∗∗ 0.39

(1.89) (2.53) (0.52)

SizeGroup=1 × anti self dealing
Index 3.35∗∗∗ 4.83∗∗∗ -0.27

(0.99) (0.72) (0.38)

SizeGroup=2 × anti self dealing
Index 1.22 1.35∗ -0.16

(0.82) (0.69) (0.31)

SizeGroup=3 × anti self dealing
Index 0.96 0.25 -0.11

(0.94) (0.71) (0.28)

log assets 1.38∗∗∗ 2.32∗∗∗ 0.46∗∗∗ 1.41∗∗∗ 2.33∗∗∗ 0.46∗∗∗ 1.76∗∗∗ 2.58∗∗∗ 0.46∗∗∗
(0.27) (0.11) (0.06) (0.25) (0.10) (0.05) (0.34) (0.14) (0.05)

log age 0.07 -0.19∗∗∗ -0.04∗∗ 0.01 -0.21∗∗∗ -0.05∗∗ -0.00 -0.20∗∗∗ -0.05∗∗
(0.04) (0.05) (0.02) (0.03) (0.03) (0.02) (0.03) (0.03) (0.02)

Log GDP per capita 0.27∗∗ 0.63∗∗ 0.01 0.45∗∗∗ 1.19∗∗∗ -0.01 0.27∗∗ 1.09∗∗∗ -0.00
(0.12) (0.29) (0.05) (0.12) (0.16) (0.06) (0.12) (0.14) (0.05)

Fixed effects I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q
Cluster C C C C C C C C C
Sample All All All All All All All All All
Adj. R2 0.474 0.543 0.241 0.472 0.541 0.240 0.500 0.550 0.243
N 122049 46841 101452 119896 46474 99494 119896 46474 99494

The table investigates the association of ownership dispersion, measured by the minimum number of
different types of creditors to cross the 30% in ownership, in their debt type (all, arm’s length debt,
or bank debt) with the legal environment. The key explanatory variables include legal origin indicator
variables, which take the value of 1 for French civil-law, German civil-law, and Scandinavian civil-law
countries, respectively, with common-law legal origin serving as the omitted category, in addition to
the composite anti-self-dealing index, which represents the average of the ex ante and ex post private
control of self-dealing measures according to Djankov et al. (2008b). This index ranges from 0 to 1;
SizeGroup includes the quartile of firms’ size (total assets in USD) in the population of firms in that
country. All specifications incorporate industry fixed effects using two-digit SIC classifications and year
× quarter fixed effects. Controls for the logarithm of GDP per capita for a given year in each country,
the logarithm of firm age and the logarithm of total assets in USD are included in all specifications.
The constant term is not reported. Detailed variable definitions and sources can be found in Appendix
Section A. Heteroskedasticity-adjusted standard errors, clustered at the country level, are reported in
parentheses below the estimates. Symbols ***, **, and * indicate statistical significance at the 1%, 5%,
and 10% levels, respectively.
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Table 2.11: Secured Debt

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Total

Secured
Debt

Secured
Arm’s Length

Debt

Secured
Bank
Debt

Total
Secured
Debt

Secured
Arm’s Length

Debt

Secured
Bank
Debt

Total
Secured
Debt

Secured
Arm’s Length

Debt

Secured
Bank
Debt

French -21.27∗∗∗ -1.34 -19.79∗∗∗
(3.99) (0.89) (3.87)

German -34.25∗∗∗ -2.29∗∗∗ -30.74∗∗∗
(7.35) (0.77) (6.61)

Scandinavian -22.65∗∗∗ -1.64 -22.73∗∗∗
(6.54) (1.56) (5.71)

CR 6.00∗∗∗ 0.13 5.36∗∗∗
(1.60) (0.21) (1.51)

SizeGroup=0 × CR -13.36∗∗∗ -0.20 -12.88∗∗∗
(2.31) (0.52) (2.35)

SizeGroup=1 × CR 1.78 -0.08 1.71
(2.08) (0.35) (2.25)

SizeGroup=2 × CR 4.44∗∗∗ 0.25 3.72∗∗∗
(1.36) (0.26) (1.27)

SizeGroup=3 × CR 6.79∗∗∗ 0.06 6.19∗∗∗
(1.71) (0.26) (1.62)

log assets -10.53∗∗∗ 0.10 -10.46∗∗∗ -10.51∗∗∗ 0.06 -10.40∗∗∗ -12.73∗∗∗ 0.05 -12.49∗∗∗
(2.11) (0.16) (1.97) (2.12) (0.14) (2.00) (1.49) (0.16) (1.40)

log age -5.48∗∗∗ 0.37 -5.90∗∗∗ -5.89∗∗∗ 0.31 -6.22∗∗∗ -5.63∗∗∗ 0.31 -5.97∗∗∗
(0.82) (0.23) (0.62) (1.05) (0.26) (0.79) (0.92) (0.27) (0.67)

Log GDP per capita -3.06∗ 0.91∗∗ -4.18∗∗ -10.53∗∗∗ 0.23 -10.85∗∗∗ -8.72∗∗∗ 0.26 -9.16∗∗∗
(1.81) (0.39) (1.63) (3.39) (0.38) (3.12) (2.79) (0.38) (2.54)

Fixed effects I & Q I & Q I & Q I & Q & R I & Q & R I & Q & R I & Q & R I & Q & R I & Q & R
Cluster C C C C C C C C C
Sample All All All All All All All All All
Adj. R2 0.285 0.121 0.306 0.282 0.126 0.302 0.294 0.126 0.314
N 121587 121587 121587 120368 120368 120368 120368 120368 120368

The table investigates the association of secured debt, measured as a percentage of total debt type
(all debt, arm’s length debt, or bank debt) with the legal environment. The key explanatory variables
include legal origin indicator variables, which take the value of 1 for French civil-law, German civil-law,
and Scandinavian civil-law countries, respectively, with common-law legal origin serving as the omitted
category. Additionally, the creditor rights index, which ranges from 0 to 4, is included. A score of 1
is assigned for each of the following rights of secured lenders as defined in laws and regulations: (i)
there are restrictions, such as creditor consent or minimum dividends, preventing a debtor from filing for
reorganization; (ii) secured creditors can seize their collateral after the reorganization petition is approved
(i.e., there is no automatic stay or asset freeze); (iii) secured creditors are paid first from the proceeds
of liquidating a bankrupt firm, rather than other creditors such as the government or workers; and (iv)
management does not retain administration of the property pending the resolution of the reorganization.
The index is derived from Djankov et al. (2007), who extended, revised, and updated the original index
compiled by La Porta et al. (1997, 1998). SizeGroup includes the quartile of firms’ size (total assets in
USD) within the population of firms in that country. All specifications incorporate industry fixed effects
using two-digit SIC classifications and year × quarter fixed effects. Columns (4) to (9) also include region
fixed effects corresponding to the continents as classified by the World Bank. Controls for the logarithm
of GDP per capita for each year in each country, the logarithm of firm age, and the logarithm of total
assets in USD are included in all specifications. The constant term is not reported. Detailed variable
definitions and sources can be found in Appendix Section A. Heteroskedasticity-adjusted standard errors,
clustered at the country level, are reported in parentheses below the estimates. Symbols ***, **, and *
indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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Table 2.12: Debt Maturity

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Total
Debt

Arm’s Length
Debt

Bank
Debt

Total
Debt

Arm’s Length
Debt

Bank
Debt

Total
Debt

Arm’s Length
Debt

Bank
Debt

French -1.41∗∗∗ -1.90∗∗∗ -0.26
(0.28) (0.67) (0.21)

German -0.69∗∗∗ -3.45∗∗∗ 0.16
(0.17) (0.42) (0.25)

Scandinavian -1.20∗∗∗ -2.92∗∗∗ 0.30∗∗
(0.30) (0.40) (0.13)

anti self dealing
Index 1.01 3.50 -0.56∗

(1.04) (2.09) (0.30)

SizeGroup=0 × anti self dealing
Index 5.55∗∗∗ 10.05∗∗∗ -0.56

(1.14) (2.56) (0.47)

SizeGroup=1 × anti self dealing
Index 2.65∗∗∗ 6.11∗∗∗ -0.58∗

(0.82) (1.88) (0.34)

SizeGroup=2 × anti self dealing
Index 1.13 4.30∗∗ -0.47

(0.79) (1.90) (0.29)

SizeGroup=3 × anti self dealing
Index 0.93 3.41 -0.62∗

(1.03) (2.04) (0.32)

log assets 0.97∗∗∗ 1.14∗∗∗ 0.13∗∗ 0.99∗∗∗ 1.17∗∗∗ 0.11∗∗ 1.24∗∗∗ 1.34∗∗∗ 0.12
(0.16) (0.07) (0.06) (0.15) (0.06) (0.04) (0.18) (0.07) (0.08)

log age 0.41∗∗∗ 0.52∗∗∗ -0.08∗ 0.37∗∗∗ 0.45∗∗∗ -0.05 0.36∗∗∗ 0.46∗∗∗ -0.05
(0.06) (0.04) (0.04) (0.07) (0.07) (0.05) (0.07) (0.06) (0.04)

Log GDP per capita -0.04 -0.02 -0.33∗∗ 0.24 0.59 -0.27∗ 0.11 0.51 -0.28∗
(0.11) (0.40) (0.16) (0.19) (0.39) (0.16) (0.17) (0.39) (0.16)

Fixed effects I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q
Cluster C C C C C C C C C
Sample All All All All All All All All All
Adj. R2 0.359 0.306 0.055 0.357 0.290 0.052 0.366 0.292 0.053
N 122049 54028 101452 119896 53407 99494 119896 53407 99494

The table investigates the association of debt maturity, measured in years, with the legal environment.
The key explanatory variables include legal origin indicator variables, which take the value of 1 for
French civil-law, German civil-law, and Scandinavian civil-law countries, respectively, with common-law
legal origin serving as the omitted category, in addition to the composite anti-self-dealing index, which
represents the average of the ex ante and ex post private control of self-dealing measures according to
Djankov et al. (2008b). This index ranges from 0 to 1; SizeGroup includes the quartile of firms’ size (total
assets in USD) in the population of firms in that country. All specifications incorporate industry fixed
effects using two-digit SIC classifications and year × quarter fixed effects. Controls for the logarithm of
GDP per capita for a given year in each country, the logarithm of firm age and the logarithm of total
assets in USD are included in all specifications. The constant term is not reported. Detailed variable
definitions and sources can be found in Appendix Section A. Heteroskedasticity-adjusted standard errors,
clustered at the country level, are reported in parentheses below the estimates. Symbols ***, **, and *
indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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2.7 Figures

Capital Structure and Debt Structure

Figure 2.1: This figure shows the global average capital structure and debt structure, including the
composition of various debt types. The debt categories comprise arm’s-length debt, bank loans, credit
lines, and other forms of debt. Detailed variable definitions and sources can be found in Appendix Section
A. Averages are computed over all years in the sampleand missing data are disregarded in calculating the
averages.
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Evolution of Book Leverage and Debt Composition Over Years

Figure 2.2: This figure displays the global evolution of book leverage and debt composition over years.
Detailed variable definitions and data sources are provided in Appendix Section A. Averages are calculated
over all years in the sample, and missing data are disregarded in calculating the averages.
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World Map with Legal Origins and the Percentage of Bank Debt and Arm’s Length Debt

Figure 2.3: This figure presents a world map illustrating legal origins by color and the composition of
debt across countries in our sample. The intensity of hatching corresponds to quintiles of debt types,
expressed as percentages of total debt. These debt types include the outstanding amounts of arm’s-
length debt (based on instruments included in our sample) and bank debt (based on loans and credit
lines included in our sample). Detailed variable definitions and sources can be found in Appendix Section
A. Country-level averages are calculated over all years in the sample and missing data are disregarded in
calculating the averages.
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Distribution of Number of Creditors in French Civil Law vs. Common Law

Figure 2.4: This figure displays the distribution of number of creditors, separately for bank debt, arm’s
length debt, and total debt, comparing French Civil Law countries and English Common Law countries.
Detailed variable definitions and data sources are provided in Appendix Section A. Averages are calculated
over all years in the sample, and missing data are disregarded in calculating the averages.
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Distribution of C5 in French Civil Law vs. Common Law

Figure 2.5: This figure displays the distribution of C5, separately for bank debt, arm’s length debt, and
total debt, comparing French Civil Law countries and English Common Law countries. Detailed variable
definitions and data sources are provided in Appendix Section A. Averages are calculated over all years
in the sample, and missing data are disregarded in calculating the averages.
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Distribution of NtC 30% of Credit (Types) in French Civil Law vs. Common Law

Figure 2.6: This figure displays the distribution of number of creditors to cross 30% of debt, separately
for bank debt, arm’s length debt, and total debt, comparing French Civil Law countries and English
Common Law countries. Detailed variable definitions and data sources are provided in Appendix Section
A. Averages are calculated over all years in the sample, and missing data are disregarded in calculating
the averages.
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Evolution of Book Leverage and Debt Composition Over Firms’ Life Cycle

Figure 2.7: This figure displays the global evolution of book leverage, debt composition, and debt
ownership concentration over firms’ life cycle. Detailed variable definitions and data sources are provided
in Appendix Section A. Averages are calculated over all years in the sample, and missing data are
disregarded in calculating the averages.
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Distribution of Maturity in French Civil Law vs. Common Law

Figure 2.8: This figure displays the distribution of debt maturity, separately for bank debt, arm’s length
debt, and total debt, comparing French Civil Law countries and English Common Law countries. Detailed
variable definitions and data sources are provided in Appendix Section A. Averages are calculated over
all years in the sample, and missing data are disregarded in calculating the averages.
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Distribution of Percentage of Secured Debt in French Civil Law vs. Common Law

Figure 2.9: This figure displays the distribution of percentage of total debt that is secured by some
collateral, comparing French Civil Law countries and English Common Law countries. Detailed variable
definitions and data sources are provided in Appendix Section A. Averages are calculated over all years
in the sample, and missing data are disregarded in calculating the averages.

Distribution of Debt Currency in French Civil Law vs. Common Law

Figure 2.10: This figure displays the distribution of debt currency, comparing French Civil Law countries
and English Common Law countries. Detailed variable definitions and data sources are provided in
Appendix Section A. Averages are calculated over all years in the sample, and missing data are disregarded
in calculating the averages.
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B Appendix Tables

Table A2: Country Level Measures

Country Creditor
Rights

Ex Ante
Control
Index

Ex Post
Control
Index

Anti
Self-dealing

Index

Public
Enforcement

Index

Bankruptcy
Efficiency
Index

Australia 3.00 0.89 0.62 0.76 0.50 87.80
Bermuda . . . . . .
Canada 1.00 0.33 0.95 0.64 1.00 93.20
Cayman Islands . . . . . .
Guernsey . . . . . .
Hong Kong 4.00 1.00 0.93 0.96 0.00 88.30
India 2.00 0.33 0.82 0.58 0.50 .
Ireland 1.00 0.78 0.80 0.79 0.00 89.90
Israel 3.00 0.50 0.95 0.72 1.00 66.20
Jersey . . . . . .
Malaysia 3.00 1.00 0.90 0.95 1.00 48.40
New Zealand 4.00 1.00 0.90 0.95 0.00 90.70
Pakistan 1.00 0.17 0.65 0.41 0.75 .
Qatar . . . . . .
Saudi Arabia 3.00 . . . . 40.60
Singapore 3.00 1.00 1.00 1.00 1.00 96.10
South Africa 3.00 1.00 0.62 0.81 0.00 39.80
Thailand 2.00 1.00 0.62 0.81 0.00 54.90
United Arab Emirates 2.00 . . . . 21.80
United Kingdom 4.00 1.00 0.90 0.95 0.00 92.30
United States 1.00 0.33 0.97 0.65 0.00 85.80
English Common Law 2.50 0.74 0.83 0.79 0.41 71.13
Denmark 3.00 0.25 0.68 0.46 0.75 76.70
Finland 1.00 0.14 0.78 0.46 0.00 92.40
Norway 2.00 0.42 0.42 0.42 1.00 91.80
Sweden 1.00 0.17 0.50 0.33 1.00 86.00
Scandinavian Civil Law 1.75 0.24 0.59 0.42 0.69 86.73
Austria 3.00 0.00 0.42 0.21 1.00 78.00
China 2.00 1.00 0.53 0.76 0.00 43.60
Germany 3.00 0.14 0.42 0.28 1.00 57.00
Japan 2.00 0.22 0.78 0.50 0.00 95.50
Poland 1.00 0.25 0.33 0.29 1.00 67.70
South Korea 3.00 0.25 0.69 0.47 0.50 88.10
Switzerland 1.00 0.08 0.45 0.27 0.75 60.40
Taiwan 2.00 0.42 0.71 0.56 0.00 93.80
German Civil Law 2.12 0.30 0.54 0.42 0.53 73.01
Argentina 1.00 0.33 0.35 0.34 0.00 35.80
Belgium 2.00 0.39 0.70 0.54 0.50 90.80
Brazil 1.00 0.22 0.33 0.27 0.50 13.40
Chile 2.00 0.50 0.75 0.62 1.00 40.90
Colombia 0.00 0.83 0.31 0.57 0.00 64.80
France 0.00 0.08 0.68 0.38 0.50 54.10
Greece 1.00 0.08 0.35 0.22 0.50 53.80
Indonesia 2.00 0.81 0.50 0.65 0.00 25.10
Italy 2.00 0.17 0.68 0.42 0.00 45.30
Kuwait 3.00 . . . . 55.90
Luxembourg . 0.17 0.40 0.28 1.00 .
Mexico 0.00 0.19 0.15 0.17 0.50 72.60
Netherlands 3.00 0.06 0.35 0.20 0.00 94.90
Oman 0.00 . . . . 53.50
Peru 0.00 0.25 0.65 0.45 0.25 41.80
Philippines 1.00 0.06 0.38 0.22 0.00 17.50
Russia 2.00 0.81 0.07 0.44 1.00 39.00
Spain 2.00 0.22 0.53 0.37 1.00 82.00
Turkey 2.00 0.33 0.53 0.43 0.00 6.60
French Civil Law 1.33 0.32 0.45 0.39 0.40 49.32
World 1.91 0.45 0.61 0.53 0.45 63.97

This table presents the country level measures of legal environment if different countries. Please discuss
Table A for definitions.
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Table A3: Creditor Concentration- C10

(1) (2) (3) (4) (5) (6) (7) (8) (9)
C10

Creditors
C10
Arm’s

C10
Bank

C10
Creditors

C10
Arm’s

C10
Bank

C10
Creditors

C10
Arm’s

C10
Bank

French 7.40∗∗∗ 4.86∗ -0.70
(2.35) (2.73) (0.95)

German 8.06∗∗ 22.82∗∗ -1.04
(3.91) (9.76) (2.18)

Scandinavian 12.87∗∗∗ 10.92∗∗∗ 2.68∗∗∗
(1.84) (2.45) (0.37)

anti self dealing
Index -8.36 -8.16 2.08

(10.29) (7.33) (2.20)

SizeGroup=0 × anti self dealing
Index -43.35∗∗∗ -3.53 -11.35∗∗∗

(9.86) (14.17) (4.14)

SizeGroup=1 × anti self dealing
Index -12.79 2.10 -0.23

(9.72) (8.92) (3.30)

SizeGroup=2 × anti self dealing
Index -6.41 -4.06 2.43

(9.13) (8.18) (2.47)

SizeGroup=3 × anti self dealing
Index -9.87 -8.71 1.60

(10.88) (7.72) (2.31)

log assets -11.20∗∗∗ -10.61∗∗∗ -4.77∗∗∗ -11.58∗∗∗ -10.72∗∗∗ -4.71∗∗∗ -12.52∗∗∗ -9.90∗∗∗ -5.23∗∗∗
(1.53) (0.19) (0.45) (1.31) (0.11) (0.42) (0.84) (0.37) (0.40)

log age -1.25∗∗∗ 0.00 0.43∗∗ -0.76∗ 0.11 0.42∗∗ -0.63 0.16 0.46∗∗
(0.30) (0.23) (0.19) (0.45) (0.17) (0.18) (0.44) (0.18) (0.18)

Log GDP per capita -1.90∗ -3.62 0.79 -3.53∗∗∗ -6.38∗∗∗ 1.07∗∗ -3.16∗∗ -6.76∗∗∗ 1.27∗∗
(0.97) (2.19) (0.48) (1.23) (1.54) (0.51) (1.55) (1.67) (0.48)

Fixed effects I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q
Cluster C C C C C C C C C
Sample All All All All All All All All All
Adj. R2 0.571 0.570 0.250 0.563 0.557 0.248 0.579 0.560 0.256
N 122049 46841 101452 119896 46474 99494 119896 46474 99494

The table investigates the association of ownership dispersion, measured by the ownership stake of largest
ten creditors, in their debt type (all, arm’s length debt, or bank debt) with the legal environment. The key
explanatory variables include legal origin indicator variables, which take the value of 1 for French civil-
law, German civil-law, and Scandinavian civil-law countries, respectively, with common-law legal origin
serving as the omitted category, in addition to the composite anti-self-dealing index, which represents
the average of the ex ante and ex post private control of self-dealing measures according to Djankov
et al. (2008b). This index ranges from 0 to 1; SizeGroup includes the quartile of firms’ size (total assets
in USD) in the population of firms in that country. All specifications incorporate industry fixed effects
using two-digit SIC classifications and year × quarter fixed effects. Controls for the logarithm of GDP
per capita for a given year in each country, the logarithm of firm age and the logarithm of total assets in
USD are included in all specifications. The constant term is not reported. Detailed variable definitions
and sources can be found in Appendix Section A. Heteroskedasticity-adjusted standard errors, clustered
at the country level, are reported in parentheses below the estimates. Symbols ***, **, and * indicate
statistical significance at the 1%, 5%, and 10% levels, respectively.
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Table A4: Creditor Concentration- HHI

(1) (2) (3) (4) (5) (6) (7) (8) (9)
HHI
Total

HHI
Arm’s

HHI
Bank

HHI
Total

HHI
Arm’s

HHI
Bank

HHI
Total

HHI
Arm’s

HHI
Bank

French -0.00 0.01 -0.02
(0.01) (0.02) (0.01)

German -0.04 0.23∗∗ -0.07∗
(0.04) (0.10) (0.04)

Scandinavian 0.04∗ 0.01 0.05∗∗
(0.02) (0.01) (0.02)

anti self dealing
Index 0.04 -0.02 0.05

(0.04) (0.04) (0.04)

SizeGroup=0 × anti self dealing
Index 0.41∗∗ 0.48∗∗ 0.43∗∗

(0.20) (0.19) (0.17)

SizeGroup=1 × anti self dealing
Index 0.20∗∗ 0.15∗∗∗ 0.20∗∗∗

(0.08) (0.05) (0.07)

SizeGroup=2 × anti self dealing
Index 0.05 -0.01 0.06

(0.06) (0.05) (0.05)

SizeGroup=3 × anti self dealing
Index 0.03 -0.02 0.04

(0.05) (0.04) (0.04)

log assets -0.08∗∗∗ -0.03∗∗∗ -0.07∗∗∗ -0.08∗∗∗ -0.03∗∗∗ -0.07∗∗∗ -0.05∗∗∗ -0.02∗∗∗ -0.04∗∗∗
(0.01) (0.00) (0.01) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01)

log age -0.00 -0.00 0.00 -0.00 -0.00 0.00 -0.00 -0.00 0.00
(0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Log GDP per capita -0.00 -0.02 0.01 0.00 -0.04∗∗∗ 0.02 -0.01 -0.04∗∗∗ 0.01
(0.01) (0.02) (0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01)

Fixed effects I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q I & Q
Cluster C C C C C C C C C
Sample All All All All All All All All All
Adj. R2 0.325 0.245 0.217 0.324 0.189 0.205 0.351 0.215 0.231
N 122049 46841 101452 119896 46474 99494 119896 46474 99494

The table investigates the association of ownership dispersion, measured by Herfindahl–Hirschman index
in their debt type (all, arm’s length debt, or bank debt) with the legal environment. The key explanatory
variables include legal origin indicator variables, which take the value of 1 for French civil-law, German
civil-law, and Scandinavian civil-law countries, respectively, with common-law legal origin serving as the
omitted category, in addition to the composite anti-self-dealing index, which represents the average of
the ex ante and ex post private control of self-dealing measures according to Djankov et al. (2008b).
This index ranges from 0 to 1; SizeGroup includes the quartile of firms’ size (total assets in USD) in the
population of firms in that country. All specifications incorporate industry fixed effects using two-digit
SIC classifications and year × quarter fixed effects. Controls for the logarithm of GDP per capita for a
given year in each country, the logarithm of firm age and the logarithm of total assets in USD are included
in all specifications. The constant term is not reported. Detailed variable definitions and sources can be
found in Appendix Section A. Heteroskedasticity-adjusted standard errors, clustered at the country level,
are reported in parentheses below the estimates. Symbols ***, **, and * indicate statistical significance
at the 1%, 5%, and 10% levels, respectively.
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Table
A
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A
rm
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TotalA
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’s
length

D
ebt

%
TotalA

ssets
Bank

D
ebt

%
TotalA

ssets
Leverage
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Bank
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French

-0.00
-5.02

∗∗∗
4.62

∗∗

(0.02)
(1.65)

(1.80)

G
erm

an
-0.04

∗
-6.69

∗∗∗
3.26

∗∗∗

(0.02)
(1.28)

(0.98)

Scandinavian
0.02

-4.77
∗∗∗

6.46
∗∗∗

(0.02)
(1.68)

(0.90)

antiselfdealing
Index

-0.04
4.34

-8.08
∗∗

(0.05)
(6.81)

(3.35)

SizeG
roup=

0
×
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Index

-0.08
10.58

-17.21
∗∗∗

(0.07)
(6.46)

(3.29)
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1
×
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-0.08
3.28
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-0.04
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-0.05
4.41
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(0.05)
(7.15)

(3.45)

log
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3.13
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-3.26

∗∗∗
0.00

∗
3.44
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-3.42
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-0.02
∗∗∗
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G
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C Data preparation

Firm Identifiers

Firm information within our sample is sourced from four primary databases: Capital IQ,

Worldscope, Compustat, and Amadeus. These databases utilize different firm identifiers:

companyid for Capital IQ, Worldscope Permanent Identifier for Worldscope, GVKEY

for Compustat, and IDNR for Amadeus. Of these, Capital IQ stands out as the most

comprehensive dataset, and its companyid serves as our primary firm identifier. Therefore,

we try to find links between companyid and the local identifiers of the other three datasets.

Below, we outline the steps taken to merge each of these datasets with Capital IQ:

Capital IQ. Among the three sources of balance sheet information in our dataset,

merging companyid with Compustat proves the simplest, facilitated by both being part

of S&P Global, with a linking table provided directly by Capital IQ. The merge between

Capital IQ and Amadeus, while challenging in practice, is straightforward to describe due

to its predominantly manual hand-matching nature. Detailed procedures for these two

mergers of datasets are elaborated below. However, the merge between Worldscope (from

Refinitiv environment) and Capital IQ (from S&P Global) presented notable complexities.

Despite both being reputable data providers, their distinct environments necessitated a

more intricate merging process. The problem arises from Worldscope permanent identifier

not appearing anywhere else than Worldscope. There is also not much hope in merging

on public identifiers such ISIN and CUSIP directly because many firms in our sample

either don’t have them or don’t have a unique value for them. As a result, we have to

find global linking tables between S&P Global and Refinitiv environments.

The unique identifier common across all datasets within Refinitiv is known as Per-
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mID12. PermID serves as a comprehensive identifier for various entity types, including

organizations, instruments, funds, issuers, and individuals. It remains unchanged and en-

sures unambiguous referencing, making it highly suitable as a universal identifier. PermID

plays a central role in Refinitiv’s information model and knowledge graph3.

Our primary use of PermID is to merge Capital IQ with Worldscope, as detailed below.

Additionally, having PermID facilitates the merging of firm data with debt ownership data

in Dealscan (which now includes PermID in its revamped version) and eMAXX (for which

PermIDs are retrieved similarly to Worldscope using Refinitiv Python APIs) which are

both products of Refinitiv, as outlined in Appendix Section C.

There is no direct linkage between companyids in Capital IQ and PermIDs in the

Refinitiv environment. To bridge this gap, we extensively utilize local linking tables pro-

vided in WRDS for each dataset. These tables detail the identifiers of instruments (such

as bonds and stocks) associated with each firm. Specifically, we leverage the following

linking tables from Capital IQ4:

1. wrds_isin.sas7bdat: Lists all ISINs associated with a companyid, including start

and end dates of the linkage, and company names.

2. wrds_cusip.sas7bdat: Provides all CUSIPs and CINSs associated with a companyid,

along with start and end dates of the linkage, and company names.

In contrast, for Refinitv PermID, a direct linking table from standard identifiers (ISIN,

CUSIP, etc.) to organization PermID does not exist and must be compiled using available

Refinitiv files5:
1Although sometimes PermID is not readily available in some Refinitiv datasets, as is the case with

Worldscope, and needs to be retrieved separately using Refinitiv APIs or desktop products.
2See all details in https://permid.org/
3LSEG completed the acquisition of Refinitiv from its previous owners in late January 2021, and

Refinitiv now operates as a subsidiary of LSEG. While some products of Refinitiv have undergone name
changes since our original use, we continue to refer to them as Refinitiv to maintain clarity.

4These linking tables are located in the following directories within the SAS version of WRDS files:
/wrds/capitaliq/sasdata/helper.

5These files are found in the following directories within the SAS version of WRDS files:
/wrds/tfn/sasdata/helper

https://permid.org/
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1. permisindata.sas7bdat: Shows the PermID of the instrument associated with each

ISIN, detailing the start and end date of the link.

2. perminstrref.sas7bdat: Links each instrument PermID to its organization’s PermID.

Similar steps are repeated using permcusipdata.sas7bdat and permcincusipdata.sas7bdat

to link CUSIPs and CINSs to firm PermID. This results in two tables linking standard

identifiers (ISIN, CUSIP, CINS) to their respective firm PermID, akin to the tables found

in Capital IQ.

In the final step, we merge the companyid-ISIN linking table with the PermID-ISIN

linking table6 to establish companyid-PermID links. This process is similarly applied

to companyid-CUSIP/CINS links and PermID-CUSIP/CINS links to refine our initial

companyid-PermID associations. Finally, cases where the companyid-PermID relationship

is not one-to-one are filtered out.

Following this procedure, out of 135,807 unique companyids in our Capital IQ dataset,

we successfully identify PermIDs for 107,545 firms. This success rate is significant, with

unmatched firms likely being smaller entities not covered by Refinitv PermIDs, which

would not be included in our final sample anyway as our ownership data exclusively relies

on Refinitiv products.

Worldscope. To compile a comprehensive dataset from Worldscope, we initially down-

load all available observations covering the period 1998 to 2022, filtering out entries lacking

aWorldscope Permanent Identifier or Date of Fiscal Period End. Subsequently, we exclude

observations where the Entity Type is not designated as "C", indicating non-corporate en-

tities, and remove entries with non-positive total assets. This refining process results in

approximately 2.5 million quarterly observations.
6Note: At this stage, we are agnostic to the security types of ISINs or their existence in our debt

instruments, aiming to maximize the number of links between Capital IQ and Refinitiv firm identifiers.
Similarly, this approach applies to CUSIPs and CINS. Therefore, links may be established using, for
example, stocks, even though our study focuses exclusively on debt instruments, primarily bonds and
loans.
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TheWorldscope Permanent Identifier, unique to Worldscope and not shared with other

datasets, precludes its direct use for merging. However, leveraging Refinitiv’s ecosystem,

we utilize their APIs to retrieve PermID for Worldscope firms. Initially, we employ the

Eikon get_symbology method, focusing on Worldscope Permanent Identifiers. For firms

where PermID retrieval is unsuccessful in the first step, we extend the query to utilize

ISIN, CUSIP, and SEDOL identifiers in Worldscope.

Combining these approaches ensures we obtain PermIDs for approximately 99.8%

of Worldscope observations. The remaining small fraction, where PermIDs cannot be

retrieved confidently, is subsequently omitted from our dataset. Ultimately the merge of

Capital IQ with Worldscope is done using PermIDs and calendar quarters.

Compustat. Compustat and Capital IQ both belong to S&P Global, and a linking

table between Capital IQ companyids and Compustat GVKEYs is directly provided by

Capital IQ, which is also accessible in WRDS7. This table includes the start date and end

date of the validity of these links as well.

To obtain the GVKEYs for our quarterly Capital IQ firm observations, we proceed

with the following steps:

1. First, we merge our Capital IQ data with the linking table, using only companyids

that are mapped to a unique GVKEY.

2. For companyids mapped to more than one GVKEY, we perform the merge again,

this time taking into account the validity periods of the links.

Ultimately the merge between Capital IQ and Compustat is performed on the GVKEYs

and calendar quarters.

7This linking table is called wrds_gvkey.sas7bdat and is located in the following directories within the
SAS version of WRDS files: /wrds/capitaliq/sasdata/helper
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Amadeus. Amadeus provides balance sheet information on European firms using a

proprietary local identifier called IDNR, which is not compatible with other datasets.

The only standard identifier in Amadeus is ISIN, which only sporadically adds firms to

our sample that are not present already in Worldscope or Compustat. To enhance our

sample coverage in Europe, we employ the following approach:

1. We utilize our Dealscan data, which includes PermID and GVKEYs8 of borrowers,

to identify European firms:

• Whose PermID is not in Worldscope,

• Either lack a GVKEY or have a GVKEY not in our Compustat data,

• Whose PermID appears in our Capital IQ data.

On one hand, these firms would not appear in our final dataset without using

Amadeus, as their balance sheet information cannot be sourced from either World-

scope or Compustat. On the other hand, these firms have highest potential for

inclusion in our study because their debt structure already exists in our Capital IQ

data, and some debt ownership data for them exists in our Dealscan sample. We

identify 1,063 such Dealscan borrowers.

2. We manually search for firm names online and in Amadeus and locate 572 out of

the 1,063 firms in Amadeus.

3. For these 572 located firms in Amadeus, we fill in their PermID and merge Capital

IQ with Amadeus using ISIN and then PermID. Although in general we only keep

clean Capital IQ observation with detail breakdown of debt types, for this 572 firms

in Amadeus we tolerate missing detail debt structure information in Capital IQ and

we assume they are fully bank financed. However, exclusion of these 572 firms from
8GVKEY of Dealscan borrowers are found using the table provided by Chava and Roberts (2008)
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our sample does not qualitatively or quantitatively affect the material findings of

this study.

eMAXX

eMAXX data reports institutional investors’ fixed-income holdings at the securities level.

Based on the calendar date of bond ownership, this dataset is structured as separate

standalone folders for each quarter. The unit of observation in eMAXX is fund, so we

pivot the date to achieve a dual format in which we observe different holder of each

security in each quarter.

We begin by compiling a list of issue-level and issuer-level data from all the eMAXX

folders available to us, retaining only the records pertaining to the corporate and asset-

backed markets. Upon analysis, we observed that many entries regarding the par amount

outstanding reported in eMAXX for corporate issues were outdated, as numerous secu-

rities had been partially or fully called before reaching maturity. Unfortunately, these

updates were either not reflected in eMAXX or were significantly delayed. Since the par

outstanding of bonds is a crucial piece of information for reconstructing the debt out-

standing of bond-issuing firms, we addressed this issue by retrieving the time-series data

of par outstandings for all eMAXX issues using the Refinitiv API and subsequently up-

dating the information in eMAXX. At this stage, we are dealing with approximately half

a million distinct CUSIPs in our dataset.

The next step, perhaps the most challenging aspect of working with eMAXX data, in-

volves linking eMAXX issuers to other datasets containing firm information, such as Cap-

ital IQ, Worldscope, Compustat, and Amadeus. The only identifiers available in eMAXX

for issuers are the 6-digit CUSIP and the firm name, both of which can be cumbersome

to work with. Dealing with 6-digit CUSIPs can be challenging because a firm may be

assigned multiple 6-digit CUSIPs over time, and handling firm names can be complicated

due to potential variations in recording across datasets and the presence of overlapping or
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similar names. To tackle this challenge, we employ a three step solution: Firstly, we uti-

lize the auxiliary Capital IQ linking tables available in the SAS studio version of WRDS,

which provide historical changes in CUSIP-companyid and ISIN-companyid links. Sec-

ondly, we utilize auxiliary Thomson-Reuters files, also available in the SAS studio version

of WRDS, which give us the PermID of the securities in eMAXX. Although these are

only the PermIDs of the bond issues, they help us find the PermID of the issuer using

the Refinitiv API. Lastly, for bond issues that still lack either the Capital IQ companyid

or Refinitiv PermID, we attempt to find additional firm PermIDs by searching the issue

CUSIP, ISIN, or CINS in the Refinitiv API, which occasionally provides us with extra

firm PermIDs. We consider the aggregate of these three steps very successful, as only

about 11% of our half a million CUSIPs remain unlinked to both Capital IQ companyid

and Refinitiv PermID.

Identifying and consolidating ownership information of bond issues is a crucial aspect

of this research. However, this task can become challenging when ownership stakes are

reported using seemingly distinct identifiers. This issue of identifier duplicity is particu-

larly common when different segments of the same debt instrument are traded in both

the US and Europe such as 144A and Regulation S bonds. Failing to establish these

linkages could lead researchers to believe that eMAXX covers only a marginal portion of

certain bonds’ ownership, without realizing that another segment of bondholders for that

same issue may be using an alternative identifier. To illustrate, consider a scenario where

two distinct CUSIPs are associated with the same bond. In eMAXX holdings data, these

identifiers might be observed with ownership percentages of xA and xB relative to the

total par outstanding. In such cases, the correct percentage of observed ownership for

this bond should be xA + xB. The reasons for the existence of such duplicate identifiers,

the regulations surrounding them, and some examples are outlined in Section D. However,

in the rest of this section, we elaborate on the methods for identifying and handling such

duplicate issue identifiers.
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To identify duplicating identifiers, we initially utilize the Refinitiv API to acquire

the full list of identifiers for each bond issue in eMAXX. Among these identifiers, our

focus is on CINS, ISIN, CUSIP, Corresponding 144A CUSIP, Corresponding 144A ISIN,

Corresponding Regulation S CUSIP, and Corresponding Regulation S ISIN. For each

security CUSIP in eMAXX, we meticulously compile a list of all potential other identifiers

by examining not only the information provided for the respective CUSIP from the API,

but also considering any other eMAXX CUSIPs that had this respective CUSIP as their

potential duplicates.

After identifying the complete list of potential other identifiers, we set aside issues

with only one unique identifier. For the remaining issues, we focus on bundles of two

and three identifiers, as they are easier to resolve. Within these sets, we attempt to

match a few simple cases. Many of these issues are privately placed bonds that are not

initially eligible for trading by public American investors, at least for a certain period

after the initial issue. A common scenario in this group is when a security is issued with

separate 144A and Regulation S identifiers: the former for selling to American Qualified

Institutional Buyers and the latter for selling to overseas (mostly European) investors.

After a certain period, if the 144A security becomes qualified to be registered with the

SEC, both the Registered and 144A versions may be entirely or partially exchanged for

the Registered bond. To illustrate the issue, consider Table A6, which depicts the amount

outstanding associated with a bond issued on September 30, 2009, by ACCO BRANDS

CORP, with a total par outstanding of USD 460 million and a maturity date of March 15,

2015. This bond was partially sold under the Regulation S CUSIP (or CINS) U00445AB9

to overseas investors and partially sold under the 144A CUSIP 00081TAC2 to American

Qualified Institutional Buyers (QIBs) and both of these issues were fully exchanged to

CUSIP 00081TAD0 on May 14, 2010.

The issue that prompted us to identify and address the problems of duplicate bond

issues is twofold: Firstly, if a researcher simply wants to determine the total par out-
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standing of bonds for ACCO BRANDS CORP in, for example 2009Q3, and they naively

sum up all the par values associated with different bond CUSIPs of this firm, he may

arrive at a total greater than the balance sheet’s total amount of outstanding bonds, as

he fails to recognize that two seemingly different CUSIPs 00081TAC2 and U00445AB9

actually belong to the same bond. Secondly, and perhaps more importantly for our re-

search, many funds in eMAXX continue reporting their holdings using the identifier by

which they initially purchased the security, even if a new CUSIP and ISIN are assigned

to their bond. By addressing this issue, if we observe a bondholder claiming ownership of

CUSIP 00081TAC2 or U00445AB9 in quarters after 2010Q2, we would understand that

they hold CUSIP 00081TAD0 in reality.

Table A6: Example of Duplicate Identifiers - ACCO BRANDS CORP

quarter 00081TAD0 00081TAC2 U00445AB9
Registered 144A Regulation S

2009Q3 0 460 460
2009Q4 0 460 460
2010Q1 0 460 460
2010Q2 460 0 0
2010Q3 460 0 0
2010Q4 460 0 0
2011Q1 460 0 0
2011Q2 454.9 0 0
2011Q3 425.14 0 0
2011Q4 425.14 0 0
2012Q1 425.14 0 0
2012Q2 13.415 0 0
2012Q3 0 0 0

This table shows the amount outstanding associated with a bond issued on September 30, 2009, by ACCO
BRANDS CORP, with a total par outstanding of USD 460 million and a maturity date of March 15,
2015 that had three associated Identifiers (CUSIPs.) The Identifiers and their type are shown for each
bond along with their par outstanding in USD millions.
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D Bond identifiers

Regulations

A private placement is a type of securities offering made to a small group of selected in-

vestors rather than the general public. In a private placement, the securities are typically

sold to institutional investors such as banks, insurance companies, hedge funds, and other

large investors. Private placements are typically exempt from the registration require-

ments of the Securities Act of 1933, which means that issuers can avoid the time, cost,

and regulatory burden of a public offering. Instead, issuers can negotiate the terms of the

offering directly with the investors, including the price, interest rate, maturity date, and

other securities features.

In response to the rising internationalization of capital markets, the SEC issued Reg-

ulation S and Rule 144A in April 1990. Before 1990, few foreign corporations entered the

US public debt markets because the SEC’s registration and disclosure procedures were

cumbersome. Meanwhile, the private debt market in the United States was essentially

illiquid since investors had to keep assets for at least two years before reselling them. Reg-

ulation S and Rule 144A provided exceptions for this waiting time and SEC registrations,

conditional on the buyers of these issues. The essential distinction between the two rules

is found in their respective jurisdictions and geographical bounds. Regulation S oversees

both domestic and international issuers’ registration of offshore placements and offers

a safe harbor for securities placement in non-US markets. It also permits these issues

to be traded on various foreign markets. However, Rule 144A only applies to privately

placed securities issued in the United States and sold to US Qualified Institutional Buyers

(QIBs).
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Traded In the US?

Local Identifier Private Placement?

US investors eligible?

Regulation S Identifier
Foreign investors

144A Identifier
QIB investors

Registered Identifier
Publicly offered

No Yes

Yes

No Yes

No

Figure A1: Bond Identifiers

Bond identifiers

To correctly group multiple identifiers of the same bond issue, the first step is under-

standing why some securities have multiple identifiers. Two following cases may result in

a multiplicity of identifiers. First, when the name CUSIP (the 6-digit CUSIP, also referred

to as issuer’s CUSIP) of the issuer changes, so does the CUSIP and ISIN of its issues.

For example, if company A acquires company B at time t, the outstanding bond issues

of B will be exchanged for an equivalent outstanding issue from A, with a new identifier

pointing to A.

Second, depending on the eligible investor universe, the same bond issue might have

multiple ISINs. Figure A1 shows the most common cases in which multiple active identi-

fiers can point to the same issue. A bond not traded in the US will have one unique local

set of identifiers. If it is traded in the US without private placement (equivalently if this

bond is publicly traded), then it has to be registered with SEC, and it will get a registered

CUSIP. However, suppose it is traded in the US only through private placement. In that

case, the set of assigned identifiers depends on whether it will be sold to US or foreign

investors.
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If one issue only fits in one of the four subgroups in Figure A1, the observed identifier

in eMAXX uniquely identifies the issue with certainty. The complication arises when one

issue falls into two or more subgroups simultaneously. For example, a privately placed

issue under rule 144A can later be registered with SEC and offered to the public. If

it happens, this issue will have one 144A ISIN and one registered ISIN. Section D in

Appendix lays down an example of such coupled securities, their accounting of their

amount outstanding, and their identifiers for an example firm.

Regulation S securities can be offered in two ways: 1) as standalone Regulation S

issues or 2) as concurrent Regulation S and Rule 144A offers, which differ in several

respects. The investor base changes between the two segments: solo issues can only be

offered to offshore investors, but combined issues can be sold to non-US offshore investors

and US Qualified Institutional Buyers (QIBs). The main distinction is that the tranches

of combined issues are subject to various jurisdictional limitations since offers outside the

United States are subject to Regulation S, while those within the United States are subject

to Rule 144A. The issuance and issuer features of the two types of issuances differ as well.

Low credit grade issuers from the United States or nations geographically adjacent to the

United States, such as Canada, Brazil, or Mexico, usually issue joint offerings. On the

other hand, a typical solo issuance is often provided by a good credit quality issuer from

a European country Li et al. (2021).

Crucially, security with both Regulation S and Rule 144A tranches is treated as one

security in par value to prevent double-counting in databases and bond indices. In a

similar manner, securities that originated under Rule 144A with registration rights and

later registered with the SEC are treated as the same security for the treatment of the

amount outstanding. We also address this issue by aggregating the bond ownership data

in eMAXX.
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Figure A2: Some outstanding bonds of AIG

An example of coupled securities

Figure A2, taken from Refinitiv workspace, illustrates the common cases involving coupled

securities for American International Group, henceforth AIG, as an example. Firstly, AIG

has standalone Reg S (Maturity = 22 Nov 2047) and Rule 144A (maturity = 15 Mar 2046)

bonds whose par values are independently recorded. It has also several sets of combined

Reg S and Rule 144A bonds (for instance, the two with maturity = 05 Apr 2042) whose

par values are calculated collectively together, as you can read from the tip shown beside

the pointer in the photo. Finally, it has also tranches of three bonds, a reg S, a 144A,

and a public bond (the three bonds with maturity = 15 Nov 2037). In this case, the two

reg S and 144A were issued in 2011 with a par amount of 256,161,000 USD. Then, in

2012, 256,133,000 USD of the total par was exchanged for public bonds, and 13,000 USD

remained as it was. The announcement for this change was as follows:
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25-Sep-2012 Asset USD 256,133,000 exchanged to CUSIP 026874CW5

on 25-Sep-2012. AIG is offering to exchange these notes

due November 15, 2037 for its outstanding Series

A-1 and Series A-6 Junior Subordinated Debentures.
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