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Abstract
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short-sale restrictions and an imperfectly competitive securities lending market into a model
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hold institutional investors to supply their securities to short sellers. Securities lenders
with greater risk tolerance are more willing to lend their securities, lowering the cost of
taking short positions, which increases price informativeness in the spot trading market. We
provide compelling evidence that the corporate bonds held by more risk tolerant insurance
companies with securities lending programs tend to have greater spot market trade volume
and more price informativeness. Controlling for each individual bond’s demand, we identify
the mechanism proposed by the model. Insurance companies with more risky cash collateral
reinvestment portfolios are more willing to lend corporate bonds that are otherwise costly
for short sellers to borrow. Our results suggest a new connection between liability-driven
investment and asset pricing.
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Introduction

Limits of arbitrage prevent securities prices from immediately and fully reflecting changes in

their fundamental value. Past research has focused on how costly arbitrage prevents traders

from eliminating mispricing, while more recent studies have emphasized the role of financial

institutions and agency frictions (Gromb & Vayanos 2010). Nevertheless, the literature remains

focused on the decisions of direct security spot market participants. This literature overlooks

the decisions of institutions and agents outside of the spot market that can have a significant

role in determining the limits of arbitrage.

We propose a theory of security prices based on a rational expectations strategic equilibrium

framework with simultaneous market clearing in a secondary spot and a securities lending

market. We build on a simplified version of Kyle (1989) and expand the framework to incorporate

short sale restrictions and an imperfectly competitive securities lending market. Traders wishing

to establish a short position must borrow the security from securities lenders by posting cash as

collateral. The key innovation in the model is to endogenize the short-selling cost by considering

the problem of a strategic securities lender. The cost of borrowing the security is an equilibrium

outcome, as potential securities lenders take into account the price effects of their own supply

of the security to short sellers.

The main result is that the informativeness of the security spot price depends on the securities

lenders’ cash collateral reinvestment decisions. In the model, the security spot and securities

lending market are connected by the slope of the securities lenders’ supply curve. Traders in the

spot market wish to take opposite positions when they disagree about the security’s liquidation

value. Short-sellers confront the securities lenders’ supply schedule when implementing their

short position. When the supply of securities from securities lenders is relatively flat, short-

sellers can borrow the security without significantly increasing the short-selling cost.

The slope of the securities lenders’ supply curve depends on securities lenders’ tolerance for

cash collateral reinvestment risk. The higher is a strategic securities lender’s risk tolerance,

the higher is her willingness to lend the security. However, strategic securities lenders take

into account the effect of their lending decision when deciding to lend to short-sellers, because

supplying more securities decreases the lending fee. A lower security lending fee, in turn,

decreases the risky reinvestment expected return. In equilibrium, the spot market is more

active and the spot price is more informative when the strategic securities lender has a higher

tolerance for reinvestment risk.

Limits of arbitrage arise in the model for two reasons. First, there are well-known limits

because imperfectly competing traders have private information about the security’s value and
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internalize the effects of their trading position on the security spot price (Kyle 1989, Vayanos

1999). Second, there are holding costs associated with implementing short positions that prevent

arbitrage trades to fully reveal the true value of the security (Tuckman & Vila 1992, Dow

& Gorton 1994, Duffie 1996, Krishnamurthy 2002, Gromb & Vayanos 2010). We show that

short-selling costs depend on the risk tolerance of imperfectly competing securities lender that

internalize the effect of their lending decisions on their cash collateral reinvestment return.

Although we assume our traders have deep pockets, the limits of arbitrage that arise in the model

are likely to be exacerbated by, for example, leverage constraints that affect the implementation

of long and short trading positions (Brunnermeier & Pedersen 2009, Gorton & Metrick 2012,

Krishnamurthy, Nagel & Orlov 2014, Dow, Han & Sangiorgi 2018).

We find strong empirical support for our model using microdata on corporate bond trading in

the spot market and securities lending market. We use transaction-level spot market data from

TRACE to obtain a measure of price informativeness for each corporate bond. We combine

this information with data on individual securities lending market transactions from Markit

Securities Finance. We then add new annual regulatory data on U.S. insurance companies

that specify the bonds in each insurer’s portfolio that are on loan at the time of filing as well as

security-level data on each insurer’s cash collateral reinvestment portfolio. These new data allow

us to construct a measure of the cash collateral reinvestment risk of every insurance company

that has a securities lending program.

Our data allow us to study a cross-section of more than 12,000 corporate bonds held

by 109 insurance companies with individual securities lending programs and cash collateral

reinvestment strategies. Consistent with the key predictions of our model, we find a robust

positive relationship between the price informativeness of a bond and the cash collateral

reinvestment strategies of securities lenders holding that bond. In addition, we find that bonds

with greater trade volume in the spot market tend to be held by insurance companies that have

more aggressive cash collateral reinvestment strategies.

We then use our microdata to delve deeper into the mechanism and study the actual decisions

of the individual insurers in our dataset to lend specific corporate bonds. Adopting the same

identification strategy as Foley-Fisher, Gissler & Verani (2019), we use fixed effects to absorb

the demand conditions in the securities lending market for each corporate bond. We find that a

security lender’s decision to lend her holdings is associated with her cash collateral reinvestment

strategy. Most importantly, her lending decisions are associated with the interaction between

her reinvestment strategy and a bond’s price informativeness.

Our empirical results contribute to the literature that identifies the securities lending market
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as a potential source of limits to arbitrage. Existing studies have documented regulations

(Diether, Lee & Werner 2009, Boehmer, Jones & Zhang 2013, Beber & Pagano 2013), security

ownership structure (Nagel 2005, Hirshleifer, Teoh & Yu 2011, Porras Prado, Saffi & Sturgess

2016, Foley-Fisher, Gissler & Verani 2019), the costs of short selling (Jones & Lamont 2002,

Geczy, Musto & Reed 2002, Asquith, Au, Covert & Pathak 2013, Cohen, Diether & Malloy

2007, Engelberg, Reed & Ringgenberg 2018), and the availability of traded options (Figlewski

& Webb 1993, Danielsen & Sorescu 2001) as having an effect on spot market trading through

the securities lending market. Much of this literature identifies exogenous determinants of the

limits to arbitrage. Our key empirical contribution to this literature is to document compelling

evidence that the strategic decisions of securities lenders to reinvest their cash collateral in risky

portfolios is an endogenous determinant of the limits to arbitrage.

The remainder of the paper proceeds as follows. In Section 2, we present the model. Section 1

provides an overview of the market for lending securities. Section 3 describes our data and

provides summary statistics. Sections 4 present our empirical results. We conclude in Section 5.

1 The role of securities lenders in corporate bond trading

In this section, we first outline the role of securities lending in corporate bond market trading.

We describe a typical corporate bond trade transaction, including the specific role played by

securities lenders. Then, we outline the typical structure of a securities lending transaction,

together with the motivations of each party to the deal.

1.1 Corporate bond trading

Corporate bonds are traded in a large over-the-counter (OTC) market. In 2015, U.S.

corporations issued almost $1,500 billion of debt, compared with only $256 billion in equity.1

After their initial offering in the primary market, most of this debt is tradable in an OTC spot

market. In 2015, over 25,000 unique corporate bonds were publicly traded, with most of the

trading taking place in investment grade bonds (61 percent). Between [[2011 and 2015, there

were 44,082 daily transactions on average that amounted to almost $30 billion in daily volume

traded.]] About two-thirds of these transactions were between a client and a dealer, and the

other third of these transactions were between dealers.2

To buy and sell corporate bonds on the secondary market, intermediaries, such as broker-

dealers, typically facilitate trading by either swiftly finding a matching counterparty for a client
1www.sifma.org. The value of new corporate debt excludes the issuance of convertible debt, asset-backed

securities, and non-agency mortgage-backed securities.
2www.finra.org. All these statistics exclude convertible debt transactions.
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in the market, or by trading itself with the client and maintaining its own inventory of bonds.

Dealers inventories are naturally limited by the supply of individual bonds and the associated

inventory maintenance costs.3 The limitations on dealers’ ability to fulfill client orders create an

opportunity for buy-and-hold institutional investors, such as insurance companies and pension

funds, as natural large repositories of securities to lend their securities. Among institutional

investors in corporate bonds, insurance companies have the largest holdings, giving them a

dominant position as potential bond lenders.4 When a client wants to buy a bond that a dealer

does not hold in its inventory, the dealer may borrow the bond elsewhere and deliver it to the

buyer. The dealer can then wait until it can find another client willing to sell the same bond,

which the dealer can return to the lender.

Corporate bond market participants, such as dealers and hedge funds, have a variety of

reasons for borrowing a particular bond. It is common to borrow a bond to take a short position

or to cover a naked short position (Duffie 1996, Merrick Jr, Naik & Yadav 2005). In addition to

concerns about about future bond yields, bond short-sellers may be concerned with individual

firm performance. For example, in a capital structure arbitrage trade, a firm’s bond is shorted

to hedge a long position in the firm equity (Liu & Mello 2011). Another example is a convertible

bond arbitrage trade, in which firm’s equity is sold short to hedge a long position in a bond

issued by that firm (Agarwal, Fung, Loon & Naik 2011). In this second example, the hedge fund

borrows the stock and the dealer might also borrow the convertible bond.

1.2 Securities lending and cash collateral reinvestment

In a prototypical corporate bond loan, full legal and economic ownership of the bond is

transferred from the lender (e.g. insurance company) to the borrower. The ownership is essential

for borrowers (e.g. dealers) to be able to deliver the bond to other counterparties (clients). To

allow the borrower flexibility in the time needed to find another seller of the same bond, the

term of the loan is usually open-ended, but either party is able to terminate the deal at any

time by returning the security/collateral.5

In exchange, the bond borrower gives the bond lender collateral in the form of cash, which

the lender may reinvest according to its own strategy and regulatory limitations.6 Typically, the
3 Dealer inventory cost may be affected by regulations, such as the Volcker Rule that restricts proprietary

trading by banks (Bao, O’Hara & Zhou 2018, Schultz 2017, Dick-Nielsen & Rossi 2018).
4 Insurance companies account for 20 percent of all corporate bonds outstanding as of 2018Q2 (Table L.213 of

the Financial Accounts of the United States available at https://www.federalreserve.gov/apps/FOF/Guide/
L213.pdf).

5 Even in the unusual cases of term lending, parties often have the ability to break the contract early by
paying a nominal penalty. More than 90 percent of the corporate bond loans in our data sample are open-ended.

6 In principle, the contract may allow a borrower to post non-cash collateral against the bond, but this is
uncommon in the U.S. In our data on corporate bond loans, more than 90 percent of transactions are against
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loan is marked to market daily and is “overcollateralized,” with borrowers providing, for example,

$102 in cash for every $100 in notional value of a security. The percentage of overcollateralization

is called the “margin,” which serves to insure the securities lender against the cost of replacing

the lent security if the borrower defaults. Lastly, the bond lender pays a percentage of the

reinvestment income to the bond borrower, called the “rebate rate.” This equilibrium price is

negotiated at the outset of the deal and reflects the scarcity of the bond on loan: A hard-to-find

“special ” bond may command a low or negative rebate rate.

The ultimate securities owners decide which securities in their portfolios will be made

available to lend and how the cash collateral proceeds of their lending programs will be reinvested

(Keane 2013, Foley-Fisher, Narajabad & Verani 2019).7 Some institutional investors lend only

opportunistically, lending securities that are special and reinvesting the cash collateral in cash-

like debt instrument, such as treasury and agency repo. Others institutional investors may lend

out a greater portion of their portfolio regardless of the rebate and reinvest the cash collateral

in a portfolio of relatively illiquid assets. How aggressively a securities lender pursue securities-

lending income depends on its risk tolerance. This suggests a non-trivial relationship between

short-selling costs and securities lenders’ cash collateral reinvestment strategy.8 This relationship

is likely to be more relevant for thin markets (Rostek & Weretka 2016), where, for example, life

insurers hold a large fraction of individual corporate bond issue. In the next section, we propose

a new theory to formalize the link between an institutional investor securities lending strategy

and spot market trading.

2 A theory of security prices with endogenous short-selling costs

We propose a theory of security prices based on a rational expectations strategic equilibrium

framework with double auctions in the spot market and the securities lending market. We start

from a simplified version of the model introduced in Kyle (1989) that we expand to incorporate

short-sale restrictions and an imperfectly competitive securities lending market. Traders wishing

to establish a short position must borrow the security from securities lenders and post cash as

collateral. From the perspective of the short-seller, the securities lending transaction corresponds

to a reverse repurchase agreement.9 The cost of borrowing the security affects the short-selling

cash collateral.
7 When they choose to employ agent lenders, the owners typically provide guidelines or specific instructions

for the type of lending transactions (for example, minimum fee criteria or hard-to-find securities only) and for
the reinvestment of cash collateral. In some cases, these reinvestment strategies are subject to regulatory limits.

8Focusing on the 2008-09 financial crisis, Foley-Fisher, Gissler & Verani (2019) shows corporate bonds liquidity
was adversely affected by the shutdown of AIG’s securities lending program after the company experienced a run
on its securities lending program.

9As will become clear, our framework also applies to securities lending against non-cash collateral.
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cost and is an equilibrium outcome, as potential securities lenders’ take into account the price

effects of their own supply of the security to short sellers. The endogenous short-selling cost

affects traders’ short positions, and, therefore, the informativeness of the security price in the

spot market. Limits of arbitrage arise because traders and securities lenders rationally internalize

the price effects of their position in the spot market and in the securities lending market.

2.1 Market structure

There is a single risky security traded in a single period. Let ν ∼ N(0, τ−1ν ) be the normalized

random liquidation value of the security that is realized after the one-period trading session.

2.1.1 Spot market participants

Two types of traders participate in the spot market. All traders have a non-stochastic

endowment, which is normalized to zero. A single privately informed trader trades strategically

against the residual demand from a large number of small, privately informed non-strategic

traders, whose combined position is assumed to be exogenous.

The first type of trader is a single strategic informed trader who receives a private signal

s = ν + ε about the value of the security, where ε ∼ N(0, τ−1ε ) is random noise. The informed

trader has an exponential utility function with risk-aversion parameter ρi given by

− exp (−ρi · (ν − p̂) · x) , (1)

where x ∈ R denotes her trading position and p̂ denotes the per unit cost of taking a position.

These quantities and prices are determined in equilibrium.

The second type of trader is a unit measure continuum of atomistic non-strategic chartists.

These traders’ combined position in the trading session is random and exogenously given by

(z − p̂) · κ , (2)

where z = ν + ζ and ζ ∼ N(0, τ−1ζ ). We use the label “chartists” for the second type of

traders because they implement a position that is proportional to the difference between their

benchmark, z, and the cost of the position, p̂. The parameter κ is the slope of the residual

demand from the chartists’ combined position.10

The unit cost of trading, p̂, depends on the direction of the position. When taking a long
10 Note that these chartist traders are essentially a combination of the noise traders and informed speculators

in Kyle (1989).
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position, traders pay the spot price p to acquire the security. When taking a short position,

traders need to borrow the security from a securities lender by posting cash collateral. We

follow the institutional setup of the rebate, described in Section 1, when modeling the cost of

borrowing the security, which we denote by r. The rebate is the percentage of the cash collateral

reinvestment income that the securities lender pay to the securities borrower. The rebate r is a

non-positive amount in our model because we normalize the risk-free interest rate to zero. The

rebate is more negative when the security is in high demand from short-sellers. The net per

unit short-selling cost is therefore p + r. When a trader thinks the security is overvalued and

would like to take a short position, a more negative rebate r decreases the attractiveness of short

selling, as p+ r is lower. In summary, the cost of trading is given by:

p̂ =

 p if x ≥ 0

p+ r if x < 0.

2.1.2 Securities lending market participants

Traders that borrow securities to take a short position participate in the securities lending

market together with two types of potential securities lenders. Both types of securities lenders

are endowed with an unlimited and unconstrained stock of the security. A single potential

securities lender has access to a risky cash collateral reinvestment opportunity and strategically

chooses how much of the security to lend taking as given the combined supply of the security

supplied to short-sellers by a large number of small and non-strategic potential securities lenders.

The first type of securities lender is a unit measure continuum of atomistic non-strategic

securities lenders supplying Ln = −`n · r units of the security to short-sellers, where 1
`n

> 0

denotes the slope of the non-strategic securities lenders’ aggregate supply curve. When the

demand from short-sellers is high, the non-strategic security lenders respond to the more negative

rebate r by increasing their supply of the security. If the supply curve steep, `n is low, a high

demand for borrowing the security results in a more negative rebate rate, r, which in turn, as

we discussed above, decreases the attractiveness of short selling.11

The second type of securities lender is a single strategic securities lender who reinvests the

cash collateral in a risky project with return R ∼ N
(
0, τ−1R

)
. The strategic securities lender has

an exponential utility function with risk-aversion parameter ρs given by

− exp (−ρs · (R− r) · Ls) , (3)
11A more negative rebate is usually associated with the “specialness” of the security.
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where Ls is the quantity of the security that is lent to short-sellers.

2.2 Equilibrium

Any equilibrium requires the spot and securities lending markets to clear simultaneously. An

intimate connection between the spot market and securities lending market arises because traders

wishing to take short positions in the spot market need to borrow the security in the securities

lending market. The strategic securities lender’s supply affects the positions of the spot market

traders through the rebate, which is the short-selling cost. At the same time, the informed

trader’s position can affect the rebate through her demand for borrowing the security.

We follow Kyle (1989) and focus on existence and characteristics of the linear Nash

equilibrium. Specifically, we assume that the strategic informed trader and the strategic

securities lender consider the effects of their decisions on equilibrium prices to be linear. We

then characterize their optimal decision and verify that the market clearing prices are indeed

linear in the decisions of the informed trader and the strategic securities lenders.

2.2.1 Securities spot market

We begin by holding the supply of security and the rebate constant. The informed trader chooses

her trading position x to maximize her expected utility, which solves the following problem:

max
x

E [− exp (−ρi · (ν − p̂) · x) |s, p, r] (4)

s.t. p̂ =

 p x ≥ 0

p+ r x < 0.

The first order condition for the solution of (4) implies that

x =
E (ν|s, p, r)− p̂

VAR (ν|s, p, r) + p̂′(x)
. (5)

The marginal effect of the informed trader’s position on the cost of the trading position, p̂′(x),

depends on the security equilibrium spot price and rebate.

The spot market clears when x+ (z − p) · κ = 0, which implies that p = z + x
κ . We assume

that the rebate r is linear in the trading position x, and that if x = 0 then r = 0. We verify that

this is indeed the case in Section 2.2.2 below. The linearity of r and the spot market clearing

condition imply that r = − |x|` for a positive `. Therefore, the informed trader’s marginal cost
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of taking a long position x ≥ 0 and short position x < 0 is given by

p̂′(x) =

 1
κ x ≥ 0

1
κ + 1

` x < 0
. (6)

Note that when taking a short position, x < 0, the informed trader takes into account the effect

of her position on both the security spot price p and rebate r.

It remains to determine E (ν|s, p, r) and VAR (ν|s, p, r) to fully characterize the solution

of the informed trader’s problem (5). Note that the information content of s, p, and r for the

liquidation value ν is same as the information content of the informed trader’s signal and chartist

traders’ benchmark, s = ν + ε and z = ν + ζ, respectively. Given that ε and ζ are independent,

this implies that the trader’s learning—i.e., Bayesian inference—about the liquidation value is

given by:

E (ν|s, p, r) = E (ν|s, z) =
τε

τν + τε + τζ
· s+

τζ
τν + τε + τζ

· z

=
τε

τν + τε + τζ
· s+

τζ
τν + τε + τζ

·
(
p̂− x ·

(
1

κ
+

1

`

))
, (7)

where the second equality follows from the traders’ inference of about ν from the noisy signal,

and the last equality follows from the spot market clearing condition. Similarly, the precision of

the traders’ inference about the true liquidation value is given by

VAR (ν|s, p, r) = VAR (ν|s, z) =
1

τν + τε + τζ
. (8)

Plugging (6), (7), and (8) into (5) yields the informed trader’s optimal trading position as a

function of the endogenous security spot price and security borrowing cost.

x =
τε · s− (τν + τε) · p̂

ρi + (τν + τε + 2τζ)
(
1
κ + 1

`

) , (9)

where the cost of taking the position, p̂, depends on the direction of the informed trader’s

position:

p̂ =

 p x ≥ 0

p+ x
` x < 0

. (10)

Because the informed trader takes into account the effect of her short position on the cost of
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borrowing the security, r = x
` , the informed trader’ short position is given by:

x = − (τν + τε) · p− τε · s
ρi + (τν + τε + 2τζ)

1
κ + 2 (τν + τε + τζ)

1
`

, (11)

In the model, short-sellers are the supply side of the spot market. For example, the chartists

take a long position when their benchmark, z, is more optimistic than the informed trader’s

signal, s, and the informed trader takes the opposite position and shorts the security. The

chartists’ position, (z − p) · κ is the downward sloping demand schedule in the spot market and

the informed trader’s short position, −x, is the upward slopping supply schedule. It follows that

the equilibrium security spot price necessarily falls between s and z.

Equation (11) shows that the slope of the supply of securities in the securities lending market,

`, directly affects the slope of the upward sloping supply schedule in the spot market. For

example, the supply schedule of the spot market is relatively flat when the supply of securities

in the securities lending market is also relatively flat. In this case, short sellers can borrow the

security in relatively large proportion without significantly increasing the short-selling cost.

Figure 1 illustrates how the slope of the supply of securities in the securities lending market

affects the equilibrium spot price. In this example, we assume that the informed trader shorts the

security, x < 0 and the realization of ν and ε is such that ν = ε = 0.12 We also assume that 1/κ→

0, which neutralizes the effects emphasized by Kyle (1989) to focus on the contribution of the

securities lending market. Figure 1 plots the supply schedules in the spot market corresponding

to high and low levels of security supply from securities lenders, `, and demand schedules for

high and low levels of the chartists’ benchmark value about the security, z. Each of the four

black dots represent an equilibrium security spot price and quantity for a given level of ` and

z. The equilibrium spot price and quantity corresponding to a relatively low value of ` and z

is represented by the point (p1, x1). A steeper supply curve in the securities lending market

yields a greater and lower equilibrium spot price and quantity, which is represented by (p2, x2).

This is because a lower ` means that it is more expensive for short sellers to borrow the security

from securities lenders. Because implementing the short position is more costly, it is also more

revealing of the signal received by the informed trader. As a result, there is less trade and

the spot price is higher. This effect is larger when the chartists are more optimistic and their

benchmark security value z is higher, which is represented by a move from (p′1, x
′
1) to (p′2, x

′
2).

In this case the price effect of the short-seller is greater, which leads to an even less revealing

security spot price.
12 The other model parameters are set as follows: ρi = 0.1; `n = 1; τν = τε = τζ = τR = 1; ν = 0; ε = 0;

ζh = 1; ζl = 0.7.
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To find the equilibrium quantity and price of security traded in the spot market, we use the

spot market clearing condition in equation (9) to obtain:

x∗ =
τε · s− (τν + τε) · z

ρi + 2 (τν + τε + τζ) ·
(
1
κ + 1

`

)

p∗ =

 p̂∗ x ≥ 0

p̂∗ − x∗

` x < 0
, (12)

where

p̂∗ =
τε
(
1
κ + 1

`

)
· s+

(
ρi + (τν + τε + 2τζ)

(
1
κ + 1

`

))
· z

ρi + 2 (τν + τε + τζ) ·
(
1
κ + 1

`

) .

Equation (12) illustrates further the effect of securities lending on the equilibrium quantity

and price of security traded in the spot market. When there is a lot of disagreement among

traders about the liquidation value of the security—i.e., | s − z | is large—traders want to

take opposite positions. When the supply of securities by securities lender is flat, 1
` is small,

traders can borrow the security without significantly increasing the short-selling cost. In this

case, the spot market is more active, and the spot price is more informative about the security’s

liquidation value. In the limit ` → ∞, thus 1
` → 0, our model collapses to a simple version of

Kyle (1989). In this special case, arbitrage is limited because the disagreement among traders

means that trading in the spot market does not fully reveal the true liquidation value. We turn

to the securities lending market next.

2.2.2 Securities lending market

Proposition 2.1 explains how the supply of securities by securities lenders affect spot market

trading.

Proposition 2.1 The expected trading volume E (| x∗ |) and the informativeness of the security

price d
dνE (p∗|ν) in the spot market are decreasing in the slope of the securities lending supply, 1

` .

Proof The proof follows from substituting s = ν + ε and z = ν + ζ in equation (12) and noting

that when x > 0

d

dν
E (p∗|ν) = 1− τν

ρi
1
κ
+ 1
`

+ 2 (τν + τε + τζ)
, (13)
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and when x < 0

d

dν
E (p∗|ν) = 1−

τν

(
1− 1

1
κ
+ 1
`

)
ρi

1
κ
+ 1
`

+ 2 (τν + τε + τζ)
. (14)

The spot and securities lending market are connected by the slope of the securities lenders’

supply curve, 1
` . To solve for an equilibrium, we need to characterize the solution for the strategic

lender’s problem, because the total supply of security to short sellers, −` · r, is the sum of the

security supplied by the non-strategic lenders, Ln = −`n · r, and by the strategic lender, Ls. We

also need to verify that the optimal strategic securities supply function is linear, as previously

assumed.

The strategic lender chooses how much security to lend to short sellers to maximize his

expected profit given in problem (3). In doing so, the strategic lender takes into account the

effect of his lending decision on the rebate r. The first-order-condition for problem (3) is

−ρs · E (R|r) + ρ2s · VAR (R|r) · Ls + ρs · r (Ls) + ρs · Ls · r′ (Ls) = 0 ,

which implies that

Ls =
E (R|r)− r (Ls)

ρs · VAR (R|r) + r′ (Ls)

= − r
ρs
τR

+ 1
`

. (15)

The second equality follows from the assumption that the strategic securities lender’s

reinvestment project and the short interest are independent.

We check that the securities lending market clears to verify that the strategic lender’s linear

supply—equation (15)— is indeed optimal. Market clearing requires that,

−` · r = −`n · r + Ls

= −`n · r −
r

ρs
τR

+ 1
`

,

which implies that the slope of the securities lenders’ supply curve is

` =
`n
2
·
(
1 +

√
1 +

4τR
ρs · `n

)
. (16)

Proposition 2.2 below follows immediately.
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Proposition 2.2 The slope of of the securities lenders’ supply curve, 1
` , is increasing in the

slope of the non-strategic lender’s supply curve, 1
`n
, and is decreasing in the strategic lender’s

risk tolerance, 1/ρs.

Proof The proof follows from (16).

Figure 2 and 3 plots the equilibrium spot quantity and price as a function of the the strategic

securities lender’s risk tolerance, 1/ρs, respectively. Recall that equation (16) implies that that

` is lower when 1/ρs is lower. The black dots in Figure 2 and 3 corresponds to the equilibrium

plotted in Figure 1. The quantity traded in the spot market is increasing in the securities lenders’

risk tolerance, while the security spot price is decreasing in the securities lenders’ risk tolerance.

The strategic securities lender with a higher risk tolerance for reinvestment risk—i.e., a

lower ρs— has a higher willingness to lend the security. In this case, an increase in short interest

does not result in a significant increase in short-selling cost. Conversely, arbitrage could be

severely limited if the strategic securities lender’s risk aversion is very high. Corollary 2.3 below

summarizes this property.

Corollary 2.3 The expected trading volume E (| x∗ |) and the informativeness of the security

price, d
dνE (p∗|ν), are decreasing in the strategic securities lender coefficient of risk-aversion, ρs.

Proof The proof follows from propositions (2.1) and (2.2).

Figure 4 plots the informativeness of the security spot price as a function of the the strategic

securities lender’s risk tolerance, 1/ρs. When the strategic lender risk tolerance is very high—

i.e., 1/ρs → ∞— the slope of the securities lenders’ supply curve becomes flat—i.e., 1/` → 0.

Proposition (2.1) shows that the security spot price is more informative about the security

liquidation value for lower value of 1/`. As we discussed above, our model collapses to a

simple version of Kyle (1989) in the limit where 1/ρs → ∞ and 1/` → 0. Note that we

have neutralized the effects of the Kyle (1989) in our model by setting 1/κ→ 0. Therefore, the

distance between the blue solid line to the 100 percent level in Figure 4 is precisely the variation

in price informativeness that can be attributed to changes in the securities lending market.

Our theory suggests a novel link between securities lenders’ cash collateral reinvestment and

the informativeness of spot market trading. As in Kyle (1989), natural limits of arbitrage arise

because imperfectly competing traders receive different signals about the security’s liquidation

value and internalize the effects of their trading position on the spot price. When traders need

to cover their short position by borrowing the security against cash collateral, the short-selling

cost affects their position. The short-selling cost depends on imperfectly competing lenders that
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also internalize the effects of their lending decision on the rebate. In equilibrium, the security is

more actively traded and its price is more informative when potential securities lenders have a

higher tolerance for reinvestment risk.

The model predicts that the informativeness of the security price in the spot market depends

on the securities lender reinvestment decision, which is depicted in Figure 4. This testable

implication of the model highlights the potentially important role of securities lending market

for liquidity in the spot market. It is clear that testing the implication of the model requires

price and quantity data for securities spot and lending market, as well as some information

about securities lenders’ risk tolerance. The remainder of the paper discuss how we constructed

this data for the universe of U.S. corporate bonds and implemented our tests.

3 Data sources and key variables

We combine several data sources to obtain the dataset we use in our analysis. This section

first lays out how we combine data from the corporate bond spot trading market, the securities

lending market, and insurer’s Statutory filings. We then discuss the key variables that we use

in our analysis and present some summary statistics.

Our data on corporate bond spot trading come from TRACE, created by the Financial

Regulatory Authority (FINRA). Under regulations introduced in 2002 by FINRA, dealers are

required to file detailed reports of their transactions, including trade time, quantity, price, and

counterparty. We follow standard procedures for cleaning these data, including deleting all small

noise-generating trades below $10,000 and removing duplicate transactions.13 We aggregate the

data to a daily frequency by constructing transaction-weighted average prices. Using these daily

data, we calculate the median daily price for each corporate bond over a 28-day period around

the end of each year.

We merge the TRACE data with Mergent’s Fixed Income Securities Database (FISD) by

CUSIP identifier to obtain corporate bond characteristics, including offering amount, offering

yield, amount outstanding, credit rating, and a range of indicators on the type of each bond. We

exclude from our sample all bonds that are convertible, putable, privately-placed, asset-backed,

or sold as part of a unit deal. We account for reissuance and early retirement when computing

the amount outstanding over time. We define rating changes using the date of the first action

by a rating agency (Ellul, Jotikasthira & Lundblad 2011).

We match the TRACE data with securities lending market data from Markit Securities
13 See, for example, Dick-Nielsen (2009) and Bao et al. (2018).
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Finance (MSF) dataset using CUSIP identifiers.14 These data include both equity and fixed

income loans and cover about 85 percent of the global market and more than 90 percent of

the U.S. securities lending market. Securities lenders report information about each loan they

have outstanding on a given day, including the security on loan, the value of the loan, duration,

lending fee, rebate rate, and the type of collateral posted. In addition, securities lenders report

on each day the total value of every security that they have available to lend. We first aggregate

these transaction-level data to a daily frequency by calculating for each corporate bond the

total amount available for borrowing, the total amount on loan, and the transaction-weighted

average rebate. Using these daily measures, we compute the median daily values for the amount

available, the amount on loan, and the rebate for each corporate bond over a 28-day period

around the end of each year.

Lastly, we combine our TRACE-FISD-MSF merged dataset with information about

insurance companies’ corporate bond holdings, securities lending decisions, and cash collateral

reinvestment portfolios from the NAIC Annual Statutory Filings. This information is reported

as of the end of each year over the period from 2011 through to 2015. Within these filings,

Schedule D reports each life insurer’s holdings of individual fixed income securities, together with

cross-sectional information about each security, including the CUSIP identifier and whether the

bond was on loan as part of the insurer’s securities lending program or subject to a repurchase

agreement.15 We drew information about the total size and performance of the insurer’s

investment portfolio from the summary balance sheet. We focus on all insurance companies

that had a securities lending program at any point during our sample period.

The NAIC Quarterly and Annual Statutory Filings also contain Schedule DL, a relatively new

report of individual investments made by insurers using cash collateral received from securities

lending, both on-balance sheet and off-balance sheet.16 The Schedule DL was introduced in

2010 as one of many changes to the reporting and statutory accounting of securities lending

transactions adopted as a response to the 2008-09 financial crisis.17 Figure 5 shows an extract
14 Foley-Fisher, Gissler & Verani (2019) construct a similar dataset covering the period from 2006 to 2010.

The dataset of Foley-Fisher, Gissler & Verani (2019) lacks data on life insurers’ securities lending cash collateral
reinvestment portfolios, which became available only from 2011.

15 The amount of each bond on loan is not reported. The statutory filings only indicate whether or not the
bond is on loan as of each yearend.

16We also use Schedule DL in Foley-Fisher, Narajabad & Verani (2019) in which we study the supply side of
the securities lending market.

17 The new guidelines stem from a review of the securities lending practices at AIG that contributed to its
collapse during the 2007-09 financial crisis. In particular, the guidelines specify that borrowers should post cash
in the amount of at least 102 percent of domestic securities borrowed (and at least 105 percent if the securities
are foreign), that individual loans should not be more than 5 percent of admitted assets, that cash reinvestment
should be “prudent,” and that all cash reinvestment securities (on- and off-balance sheet) are reported in the
NAIC Quarterly and Annual Statutory Filing Schedule DL. In addition, each asset financed with cash collateral
recorded in the NAIC Quarterly and Annual Statutory Filing Schedule D attracts a risk-based capital charge
consistent with its NAIC designation code.
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from one life insurer’s filing in 2012 showing a sample of the individual investments made using

cash collateral received in exchange for lending securities. In general, these new data allow us

to better track the securities lending transactions entered into by an insurer and to observe

detailed information about the life insurers’ use of the collateral received. For example, from

2010, if the collateral received from securities lending could “be sold or pledged by custom or

contract by the reporting entity or its agent,” then the reinvested collateral should be recorded

on the balance sheet.18 We hand-coded data about the maturity of the collateral received in

the securities lending transactions from the regulatory Note 5(e) to the Financial Statements.

Figure 6 shows the relevant notes for the same 2012 sample regulatory filing. Because we rely

on the detailed information collected as part of the new reporting requirements, our sample by

necessity begins in 2011.

Our final merged dataset covers five yearends (2011-2015) with information on 12,411 unique

bonds. We identify 109 insurance companies with securities lending programs. In 2015, this set

of insurers held more than $2.5 trillion in general account assets, or about 43 percent of the

industry total.

3.1 Key variables and summary statistics

The key variables for our study are the price informativeness of each bond in its spot market

and the riskiness of the cash collateral reinvestment strategies of insurance companies that

have securities lending programs. We now describe how we measure these two variables in our

data. Summary statistics for all the variables in our dataset are reported in Table 1. The table is

divided in two, with summary statistics for bond-year data aggregated over insurance companies

reported in the upper panel and summary statistics for bond-insurer-year data reported in the

lower panel.

The concept of bond price informativeness in our model is closely related to an empirical

measure of the bid-ask spread on spot market transactions. Intuitively, when traders with

different information sets can more easily trade in the spot market, the bid-ask spread will be

tighter because movements in the price will be more informative about changes in the underlying

value of the security.19 By contrast, when traders are unable to trade in the spot market, for

example because a securities lender does not make its asset available for short positions, then

http://www.dfs.ny.gov/insurance/circltr/2010/cl2010_16.htm
http://www.naic.org/capital_markets_archive/110708.htm

18 Amendments to SSAP No. 91–R, Accounting for Transfers and Servicing of Financial Assets and
Extinguishments of Liabilities.

19 Bollen, Smith & Whaley (2004) propose a model of bid-ask spreads as compensation for dealers bearing
price risk. Greater price informativeness can lead to lower bid-asks spreads in that model through lower price
volatility.
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movements in the equilibrium market price will not be as informative about changes in the

underlying value of the security and the bid-ask spread will be wider.

We exploit the inverse relationship between the bid-ask spread and price informativeness to

use the label of price informativeness for the negative of the bid-ask spread in the remainder

of our analysis. We take the negative of the spread to make the interpretation of the sign

of the coefficients easier: The transformed variable is increasing in price informativeness. To

construct our empirical measure of price informativeness as the negative of the bid-ask spread,

we first calculate for each bond on each day the volume-weighted average buy and sell prices

between dealers and their clients. We then compute price informativeness as the negative of the

average realized bid-ask spread, which is the difference between the average daily price at which

a dealer sells a bond to a client and the average daily price at which a dealer buys the same

bond from a client. We compute the median daily price informativeness for each bond over the

28-day period around the end of each year. Line 6 of Table 1 reports summary statistics for price

informativeness, indicating that in our sample of corporate bonds the average is -0.64 percentage

points with a standard deviation of 0.81 percentage points.

Our proxy for the riskiness of an insurer’s cash collateral reinvestment strategy is based

on the residual maturity that is reported for all types of securities in the regulatory filings.

Specifically, we first calculate the fraction of assets in an insurer’s cash collateral reinvestment

portfolio that have a residual maturity of more than one year. We then subtract the fraction of

cash collateral that is received by the insurer for a duration of more than one year. The one-year

threshold in our calculation is not crucial for the results in the paper. Rather, we choose it so

that our variable represents the investment by life insurers in assets that MMFs cannot purchase

for regulatory reasons.20 It follows that these assets are likely to offer a higher return than cash

instruments.

For each bond i at the end of year t, we construct a bond-level index for the reinvestment

risk of insurance companies that have securities lending programs. Let mjt be the fraction of life

insurer j’s cash collateral reinvestment portfolio at the end of year t that has a residual maturity

of more than one year. Let hijt be the amount of bond i held by life insurer j at the end of

year t. We construct an insurer-only reinvestment risk index as:
∑

j hijtmjt/
∑

j hijt. We also

construct a full-lender index assuming that all other securities lenders of a bond do not have

any reinvestment risk (cash collateral maturity transformation).21 Let Hjt be the total amount
20 Our one year threshold is six times the regulatory limit on the overall maturity of a mutual fund’s cash

reinvestment portfolio. Amendments to regulation Rule 2a-7, adopted by the SEC in July 2014, impose a set of
constraints on MMF investment portfolio, including that every security in the portfolio must have a maturity
not exceeding 397 days, and that the dollar-weighted maturity of the entire portfolio cannot exceed 60 days.
https://www.sec.gov/rules/final/2014/33-9616.pdf

21The industry’s cash collateral reinvestment weighted average maturity transformation if about 90 days.
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of bond j that is available for securities lending transactions at the end of year t. We construct

the all-lender reinvestment risk index as:
∑

j hijtmjt/Hjt. Summary statistics for these indexes

are reported in the first two lines of Table 1. Across all bonds and years, the mean values of

the two reinvestment risk indexes are 0.18 and 0.13, with standard deviations of 0.16 and 0.17,

respectively.

4 Empirical analysis and results

In this section, we test the empirical predictions of the model of bond trading and securities

lending that was presented in Section 2. We first study data on individual bonds aggregated over

insurance companies at the end of each year, as described in the previous section. We show that

price informativeness of a bond is associated with the cash collateral reinvestment strategies of

securities lenders holding that bond. We then study data on insurance companies’ decisions to

lend individual bonds. We show that individual bond lending decisions are associated with the

interaction between the cash collateral reinvestment strategies and the [[market conditions]] for

that bond.

4.1 Price informativeness, spot market trading, and securities lending

Consistent with Proposition XX in Section 2, Table 2 shows a robust association between

the price informativeness of a bond (Price informativeness it) and the reinvestment strategy

of securities lenders that hold the bond. The positive coefficient suggests that greater

price informativeness is associated with greater maturity transformation by securities lenders.

Column 1 reports the simple correlation using the insurer-only reinvestment risk index. Column 2

reports the correlation using the full-lender reinvestment risk index and controls for the share

of the bond held by life insurers that have securities lending programs (Insurers shareit =∑
j hijt/Hjt). Column 3 adds control variables for the specific market for bond i. Column 4

adds controls for the type of bond. In all cases, we include year fixed effects to absorb aggregate

market conditions and to focus our analysis on the cross-section of bonds.22

Table 3 repeats the regression analysis of the previous table using the volume of trade in the

spot market as the dependent variable. We find a robust positive relationship between volume

By contrast, we estimate that the U.S. life insurance industry’s cash collateral reinvestment weighted average
maturity transformation if at least 500 days.

22 Consistent with the findings in the literature on corporate bond liquidity (e.g. Bao et al. (2018)) we find that
price informativeness is negatively associated with residual maturity and offering yield and is positively associated
with the amount outstanding and the credit rating. We also find that price informativeness is negatively associated
with concentration of holdings among securities lenders (HHIit) indicating that securities lenders may have some
market power (Foley-Fisher, Narajabad & Verani 2019).
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(Volumeit) and the reinvestment strategy of securities lenders that hold the bond. Column 1

reports the simple correlation using the insurer-only reinvestment risk index. Column 2 reports

the correlation using the full-lender index and controls for the share of the bond held by life

insurers that have securities lending programs (Insurers shareit =
∑

j hijt/Hjt). Column 3 adds

control variables for the specific market for bond i. Column 4 adds controls for the type of bond.

We continue to include year fixed effects as in the previous regression specifications.

4.2 Life insurers’ decisions to lend bonds

Our results so far show that securities lenders’ cash collateral reinvestment strategies have an

effect on price informativeness and trading in the secondary spot market for corporate bonds.

These results are consistent with our model’s predictions. We now probe the mechanism behind

our empirical findings by studying securities lenders’ decisions to lend specific corporate bonds.

We use our microdata to study the decision of life insurer j to lend bond i at time t. We find

that a securities lender’s decision to lend an individual bond is associated with that lender’s

cash collateral reinvestment strategy. Moreover, the lending decisions is associated with the

interaction between the lender’s reinvestment strategy and each bond’s [[market conditions.]]

The dependent variable in the specifications reported in Table 4 is a dummy variable for

whether insurer j is lending bond i at the end of year t (Loanijt).23 Our main explanatory

variables are the fraction of insurer j’s cash collateral reinvestment portfolio that has a residual

maturity of more than one year (Reinvestment risk jt) and the weighted average rebate on bond i

(Rebateit). Column 1 of the table reports the simple correlation between the variables. The

interaction between the securities lender’s cash collateral reinvestment strategy and a bond’s

rebate is positively associated with the securities lender’s decision to lend that particular bond.

The association is statistically and economically significant. The result suggests that, consistent

with the predictions of the model, securities lenders that reinvest their cash collateral aggressively

are more likely to lend bonds that have a higher rebate. These bonds are less profitable for

securities lenders because the lender must pay a higher rebate to the securities borrower.

This empirical result survives a battery of controls for the type of bond being lent and its

market conditions. Column 2 reports the results from adding control variables for the percentage

of the bond held by insurers, the concentration of holdings among insurers, and the total amount

on loan relative to the amount that could be lent. In addition, we control for the residual maturity

of the bond, the offering yield, the offering amount, the amount outstanding, the credit rating,

and the bond issuer (CUSIP6). Going further, Column 3 replaces the bond and market control
23 As noted in Section 3, the statutory filings only contain data on whether or not an insurer is lending a

particular bond. We do not know the quantity on loan.
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variables with bond-time fixed effects that absorb the control variables used in Column 2 as well

as unobserved bond-time specific heterogeneity related to the decision to lend bond i at time t.

Column 4 replaces the robust standard errors with errors two-way clustered by insurer and year.

The results in Table 4 support our model’s prediction that securities lenders with more

aggressive cash collateral reinvestment strategies are the lenders who are more willing to lend

bonds with higher rebates. Intuitively, those lenders can afford to lend less profitable bonds

because they make a higher return by reinvesting the cash collateral they receive in more risky

assets. A key implication of this pattern of securities lending is that the pricing of those bonds

will be more informative.

Table 5 reports the results from testing the hypothesis that securities lenders with more

aggressive cash collateral reinvestment strategies are more willing to lend bonds with greater

price informativeness. The dependent variable in these tests remains the binary decision of

insurer j to lend bond i at the end of year t. The specifications are identical to the previous

table, replacing the key interaction term with the interaction between the insurer’s cash collateral

reinvestment strategy and the price informativeness of bond i at time t. The correlation between

the interaction term and the insurer’s decision to lend a bond is positive, as hypothesized.

Importantly, this empirical result remains statistically and economically significant even after

including fixed effects that absorb bond-time variation.

5 Conclusion

[to be completed]
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6 Figures

Figure 1: Equilibrium spot market price and quantity.
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Figure 2: Equilibrium spot market quantity and securities lenders’ risk tolerance.
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Figure 3: Equilibrium spot market price and securities lenders’ risk tolerance.
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Figure 4: Informativeness of the equilibrium spot market price and securities
lenders’ risk tolerance.
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7 Tables
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Table 1: Summary statistics. Reinvestment risk is the fraction of the cash collateral
reinvestment portfolio that has a residual maturity of more than one year. Lending dummy
is 1 when an insurer is lending a bond. Credit rating is the numerical translation and average
of credit ratings across the three main agencies, setting AAA, or equivalent = 28, AA+ = 26,
AA = 25, AA- = 24 ... CCC- = 9, CC = 7, and C = 4. Rebate is the amount paid by the
securities lender to a securities borrower that provided cash collateral. The reinvestment risk
index is the weighted average maturity transformation of all securities lenders holding a bond.
Price informativeness is the negative of the bod-ask spread, the difference between the weighted
average price a bond is sold by a dealer to client and the weighted average price the same
bond is purchased by a dealer from a client. We take the negative of the spread to make the
interpretation of the sign of the coefficients easier: The transformed variable is increasing in
liquidity.

Obs Mean St. Dev. p25 Median p75

Bond-Year Data
Reinvestment risk index (insurers only) 31,875 0.18 0.16 0.06 0.14 0.25
Reinvestment risk index (all lenders) 31,875 0.13 0.17 0.02 0.07 0.17
Offering amount 30,627 1.27 3.66 0.4 0.6 1
Offering yield 24,856 75.83 11099.99 3.98 5.29 6.35
Residual maturity (yrs) 30,422 10.74 9.66 5 7 12
Price informativeness 9,583 -0.64 0.81 -0.18 -0.44 -0.88
Log(daily volume) 12,517 -7.02 1.44 -8.1 -7.05 -5.99
% lendable held (Insurers shareit) 31,875 0.73 0.59 0.29 0.59 1
Amount outstanding 16,700 1.4 4.67 0.38 0.6 1
Credit rating 30,028 19.75 3.36 18 20 22
Weighted average rebate (Rebateit) 31,875 0.04 0.13 -0.01 0.03 0.08
HHI of life insurers’ holdings (HHI it) 31,875 0.17 0.27 0.02 0.07 0.2
Total lent/lendable (Market tightness it) 31,875 0.05 0.11 0 0.01 0.05

Bond-Insurer-Year Data
Reinvestment risk 272,660 0.18 0.27 0 0 0.29
On loan dummy 335,710 0.07 0.25 0 0 0
Offering amount 327,183 1.12 2.62 0.4 0.65 1
Offering yield 269,504 31.45 6741.92 4.25 5.44 6.35
Residual maturity 325,773 11.5 9.3 5 8 17
Amount outstanding 173,932 1.22 3.69 0.4 0.65 1.02
Credit rating 321,132 19.83 2.98 18 20 22
Weighted average rebate (Rebateit) 335,710 0.05 0.12 -0.01 0.03 0.08
% lendable held (Market shareijt) 335,710 0.07 0.11 0.01 0.03 0.08
HHI of life insurers’ holdings (HHI it) 335,710 0.17 0.26 0.03 0.07 0.19
Total lent/lendable (Market tightness it) 335,710 0.04 0.1 0 0.01 0.04
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Table 2: The bonds that are greater price informativeness tend to be held by
insurers that have more aggressive cash collateral reinvestment strategies. The unit
of observation is a bond i at the end of year t. The dependent variable is the price informativeness
of a bond (Price informativeness it). The main explanatory variables are the reinvestment risk
index (Reinvestment risk index it) and the share of the bond held by insurers (Insurers shareit).
Column 5 reports standard errors two-way clustered by bond in parentheses. All other columns
report robust standard errors. ***, **, and * represent statistical significance at the 1%, 5%,
and 10% level, respectively.

Dependent variable: Price informativeness it (1) (2) (3) (4) (5)

Reinvestment risk index it 0.285***
(0.064)

Reinvestment risk index it 0.359*** 0.380*** 0.347** 0.347*
(0.130) (0.128) (0.161) (0.191)

Insurers shareit -0.497*** -0.325*** -0.151** -0.151**
(0.032) (0.046) (0.059) (0.070)

HHI it -0.539*** -0.568*** -0.568***
(0.120) (0.146) (0.166)

Market tightness it -0.122 -0.200 -0.200
(0.107) (0.124) (0.132)

Residual maturity it -0.031*** -0.031***
(0.002) (0.003)

Offering yield i -0.065*** -0.065***
(0.007) (0.008)

Offering amount i -0.058 -0.058
(0.046) (0.061)

Amount outstanding it 0.207*** 0.207***
(0.046) (0.062)

Credit rating it 0.014*** 0.014**
(0.005) (0.006)

Year FE Y Y Y Y Y

R2 0.027 0.074 0.078 0.224 0.224
Observations 9,583 9,583 9,583 4,381 4,381
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Table 3: The bonds that have greater trade volume tend to be held by insurers
that have more aggressive cash collateral reinvestment strategies. The unit of
observation is a bond i at the end of year t. The dependent variable is the log of daily
trade volume (Ln(volume)it). The main explanatory variables are the reinvestment risk index
(Reinvestment risk index it) and the share of the bond held by insurers (Insurers shareit).
Column 5 reports standard errors two-way clustered by insurer and bond in parentheses. All
other columns report robust standard errors. ***, **, and * represent statistical significance at
the 1%, 5%, and 10% level, respectively.

Dependent variable: Ln(volume)it (1) (2) (3) (4) (5)

Reinvestment risk index it 0.960***
(0.091)

Reinvestment risk index it 0.942*** 0.908*** 0.494*** 0.494***
(0.136) (0.136) (0.170) (0.183)

Insurers shareit -1.144*** -1.176*** -0.554*** -0.554***
(0.037) (0.055) (0.073) (0.084)

HHI it 0.108 0.053 0.053
(0.127) (0.157) (0.174)

Market tightness it 2.657*** 1.864*** 1.864***
(0.172) (0.216) (0.240)

Residual maturity it 0.020*** 0.020***
(0.003) (0.003)

Offering yield i -0.173*** -0.173***
(0.010) (0.012)

Offering amount i -0.203*** -0.203**
(0.064) (0.099)

Amount outstanding it 1.015*** 1.015***
(0.067) (0.094)

Credit rating it -0.127*** -0.127***
(0.008) (0.010)

Year FE Y Y Y Y Y

R2 0.016 0.101 0.124 0.325 0.325
Observations 12,517 12,517 12,517 5,586 5,586
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Table 4: The bonds that are lent by insurers that reinvest aggressively tend to be
those bonds that have a higher rebate. The unit of observation is a bond i held by insurer j
in year t. The dependent variable (Loanijt) is 1 when the bond is on loan and 0 otherwise. The
main explanatory variables are the fraction of the cash collateral reinvestment portfolio that
has a residual maturity of more than one year (Reinvestment risk jt) and the weighted average
rebate (Rebateit). See Table 1 for a description of the other variables. Column 4 reports standard
errors two-way clustered by insurer and bond in parentheses. All other columns report robust
standard errors. ***, **, and * represent statistical significance at the 1%, 5%, and 10% level,
respectively.

Dependent variable: Loanijt (1) (2) (3) (4) (5)

Reinvestment risk jt 0.099*** 0.103*** 0.107*** 0.107*** 0.111***
(0.009) (0.013) (0.009) (0.030) (0.009)

Reinvestment risk jt ×Rebateit 0.220*** 0.273*** 0.205*** 0.205*** 0.036
(0.016) (0.030) (0.019) (0.061) (0.024)

Rebateit -0.364*** -0.196***
(0.011) (0.020)

Market shareijt 0.074***
(0.009)

HHI it -0.013***
(0.004)

Market tightness it 0.730***
(0.021)

Residual maturity it 0.001***
(0.000)

Offering yield i -0.002***
(0.001)

Offering amount i -0.005*
(0.003)

Amount outstanding it 0.011***
(0.003)

Credit rating it -0.001
(0.002)

Fixed effects:
Insurer, Year Y Y Y Y Y
Bond issuer N Y N N N
Bond×Year N N Y Y Y
Bond×Insurer N N N N Y

R2 0.102 0.164 0.280 0.280 0.572
Observations 272,660 109,671 272,215 272,215 228,733
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Table 5: The bonds that are lent by insurers that reinvest aggressively tend to be
those bonds with more price informativeness. The unit of observation is a bond i held
by insurer j in year t. The dependent variable (Loanijt) is 1 when the bond is on loan and 0
otherwise. The main explanatory variables are the fraction of the cash collateral reinvestment
portfolio that has a residual maturity of more than one year (Reinvestment risk jt) and the price
informativeness (Price informativeness it). See Table 1 for a description of the other variables.
Column 4 reports standard errors two-way clustered by insurer and bond in parentheses. All
other columns report robust standard errors. ***, **, and * represent statistical significance at
the 1%, 5%, and 10% level, respectively.

Dependent variable: Loanijt (1) (2) (3) (4) (5)

Reinvestment risk jt 0.131*** 0.103*** 0.136*** 0.136*** 0.144***
(0.016) (0.024) (0.017) (0.036) (0.019)

Reinvestment risk jt × Price informativeness it 0.016*** 0.018*** 0.013*** 0.013* 0.024***
(0.004) (0.006) (0.004) (0.007) (0.008)

Price informativeness it -0.009*** -0.009***
(0.002) (0.003)

Market shareijt 0.140***
(0.023)

HHI it -0.041***
(0.014)

Market tightness it 0.821***
(0.033)

Residual maturity it 0.001***
(0.000)

Offering yield i -0.005***
(0.001)

Offering amount i -0.010*
(0.005)

Amount outstanding it 0.013**
(0.005)

Credit rating it -0.007**
(0.003)

Fixed effects:
Insurer, Year Y Y Y Y Y
Bond issuer N Y N N N
Bond×Year N N Y Y Y
Bond×Insurer N N N N Y

R2 0.122 0.195 0.304 0.304 0.595
Observations 89,530 38,889 89,404 89,404 68,872
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Figure 5: Extract from Schedule DL. The exhibit below is an extract from the 2012
regulatory filing by the Metropolitan Life Insurance Company, showing a sample of the individual
security-level investments made using cash collateral received from securities lending.
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Figure 6: Extract from Note 5(e) to the Financial Statements. The exhibit below is an
extract from the 2012 regulatory filing by the Metropolitan Life Insurance Company, showing a
breakdown by maturity of the cash collateral received from securities lending.
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