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Abstract of Dissertation

Essays on Credit Default Swaps and Corporate Debt Financing Decisions

The chapters of this dissertation examine the inßuence credit default swaps (CDS)

have a number of di!erent corporate debt Þnancing outcomes. Chapter Two studies

the e!ects CDS have on Þrm Þnancing in a general equilibrium production economy

with heterogeneous Þrms. Covered CDS lower borrowing costs for all Þrms even when

CDS contracts are traded on only one Þrm type. This leads to higher investment levels

in the economy, but raises the likelihood of default when productivity shocks are bad.

Naked CDS raise borrowing costs for all Þrms even when CDS contracts trade on

a single Þrm type. This lowers investment levels in the economy, and lowers the

likelihood of default. Lastly, we show that both Covered and Naked CDS induce

borrowing cost spillovers to all Þrm types even when CDS do not exist for all Þrm

types.

Chapter Three investigates the e!ects that CDS have on the term-structure of cor-

porate bonds. I Þnd that covered CDS tend to lengthen average debt maturity which

is consistent with recent empirical work. Covered CDS lower borrowing costs, the

beneÞts of which become consolidated at the time of issuance when the Þrm issues

long term debt rather than a sequence of short term bonds, which exposes the Þrm

to bond price updating. Additionally, naked CDS may shorten average debt matu-

rity and create Òmaturity mis-matchÓ in corporate debt markets. Naked CDS raise

borrowing costs which also become consolidated at the time of issuance when Þrms

issue long term debt rather than short term bonds, and incentivizes the Þrm to issue

risky short term debt. Furthermore, naked CDS may destroy equilibrium whenever

Þrms issue short term debt.

Chapter Four tests whether trading in CDS markets leads to borrowing cost spillovers

vi



across Þrms that are not named reference entities in CDS transactions. General equi-

librium models of Þrm Þnancing with CDS suggest that collateralized CDS contracts

may reallocate capital away from bond markets and into derivative markets. We Þnd

evidence, conditional on Þrm rating, that the introduction of CDS a!ects the cost

of issuing bonds for Þrms who are not single-named CDS reference entities. Borrow-

ing costs for investment-grade Þrms increase, whereas borrowing costs for high-yield

Þrms decrease when CDS are introduced for equivalently rated Þrms. We attribute

the di!erence in borrowing costs across ratings classes due to di!erences in how CDS

a!ect the liquidity of investment-grade versus high-yield corporate bonds. Various

robustness checks are conducted for the endogeneity of both CDS introduction and

bond issuance.
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1 Introduction

Credit derivatives, in particular credit default swaps (CDS), have in recent years

garnered scrupulous attention from a wide audience including but not limited to aca-

demics, central bankers, Þnancial market practitioners, and policy makers. One can

easily peruse news articles and read opinions about the inßuence CDS had in the Þ-

nancial crisis beget by the collapse of investment banking Þrm Lehman Brothers in the

summer of 2007 and the subsequent bailout of insurance giant AIG.123 More recently,

policy makers in the European Union have banned the use of particular types of CDS

all together (Financial Times, October, 19, 2011). Understanding the roll that credit

derivatives play in Þnancial markets remains a critical goal to ensure appropriate

policies are being utilized when considering Þnancial market regulation.

CDS contracts are traded on various types of debt. For example, CDS contracts

trade on corporate debt, sovereign debt, market indexes or a basket of credit entities

to name a few. According to the BIS, in 2011 60% of the gross notional valueÐor

roughly $17.5 trillionÐof the CDS market are contracts on single-name entities. Of this

$17.5 trillion, CDS contracts on corporate debt make up roughly 80% ($14 trillion) of

the single-name CDS market value. Almost 60% of the single-name corporate CDS

market is traded on non-Þnancial Þrms, making it the single-largest reference entity

category in the CDS market with outstanding contracts valued at approximately $8.4

trillion. Thus, the focus on the single-name corporate debt CDS market constitutes

a signiÞcant portion of the overall credit derivative market.

Chapters 2 and 3 of this dissertation develop theoretical models to examine the impact

that CDS have on di!erent corporate borrowing decisions, and how the market price of
1ÒThe bet that blew up wall street,Ó CBSD, 60 Minutes, October 26, 2008
2ÒThe $55 trillion question,Ó by Nicholas Varchaver, Fortune Magazine, September 30, 2008.
3Soros, George, ÒOne Way to Stop Bear Raids,Ó (Wall Street Journal, March 24, 2009)
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corporate debt is a!ected. The Þnal chapter is an empirical analysis of the theoretical

pricing implications examined in Chapter Two.

Chapter 2 studies the e!ects credit default swaps (CDS) have on Þrm Þnancing in

a general equilibrium production economy with heterogeneous Þrms. Covered CDS

lower borrowing costs for all Þrms even when CDS contracts are traded on only one

Þrm type. This leads to higher investment levels in the economy, but raises the

likelihood of default when productivity shocks are bad. Naked CDS raise borrowing

costs for all Þrms even when CDS contracts trade on a single Þrm type. This lowers

investment levels in the economy, and lowers the likelihood of default. Lastly, we

show that both Covered and Naked CDS induce borrowing cost spillovers to all Þrm

types even when CDS do not exist for all Þrm types.

Chapter 3 investigates the e!ects that credit default swaps (CDS) have on the term-

structure of corporate bonds. I Þnd that covered CDS tend to lengthen average

debt maturity which is consistent with recent empirical work. Covered CDS lower

borrowing costs, the beneÞts of which become consolidated at the time of issuance

when the Þrm issues long term debt rather than a sequence of short term bonds, which

exposes the Þrm to state veriÞcation. Additionally, naked CDS may shorten average

debt maturity and create Òmaturity mis-matchÓ in corporate debt markets. Naked

CDS raise borrowing costs which also become consolidated at the time of issuance

when Þrms issue long term debt rather than short term bonds, and incentivizes the

Þrm to issue risky short term debt. Furthermore, naked CDS may destroy equilibrium

whenever Þrms issue short term debt.

Chapter 4 tests one of the predictions the model in Chapter Two develops. Does

trading in credit default swap (CDS) markets lead to borrowing cost spillovers across

Þrms that are not named reference entities in CDS transactions? General equilibrium

2



models of Þrm Þnancing with CDS suggest that collateralized CDS contracts may

reallocate capital away from bond markets and into derivative markets. We Þnd

evidence, conditional on Þrm rating, that the introduction of CDS a!ects the cost of

issuing bonds for Þrms who are not single-named CDS reference entities. Borrowing

costs for investment grade Þrms increase, whereas borrowing costs for high yield

Þrms decrease when CDS are introduced for equivalently rated Þrms. We attribute

the di!erence in borrowing costs across ratings classes due to di!erences in how

CDS a!ect the liquidity of investment grade versus high yield corporate bonds. The

results are robust to various sub-sampling, controlling for the endogeneity of both

CDS introduction and bond issuance.

3



2 Impact of CDS on Firm Financing and
Investment: Borrowing Costs, Spillovers,
and Default Risk

2.1 Introduction

The Global Financial Crisis that began in 2007 underscores the need to better un-

derstand how Þnancial market participants price and take risk. Credit default swaps

(CDS) are particular types of Þnancial instruments that market participants use with

increasing regularity to not only price di!erent types of risk, but also manage balance

sheet risk and regulatory capital requirements. According to the Bank for Interna-

tional Settlements (BIS) the notional size of the CDS market (value of all outstanding

contracts) at its peak before the market crash in 2007 was $57 trillion. While that

number has abated, its size at the end of 2011 was $29 trillion. Clearly the CDS

market remains large and active.

We investigate the role of credit derivative markets on corporate borrowing costs,

endogenous investment, and default risk. We Þnd that CDS signiÞcantly impact real

outcomes by changing investor demand for debt. The subsequent changes in the de-

mand for bonds impact Þrm borrowing costs, investment levels, and ultimately alters

economy-wide default risk even without changes to the economy fundamentals.

The framework is a static, general-equilibrium model with two states characterized

by an aggregate productivity shock. There are two Þrm types endowed with di!erent

production technologies. Each Þrm endogenously issues non-contingent, collateralized

debt in order to produce. Debt Þnancing comes from investors with heterogeneous

beliefs over the probability of future states. We Þrst solve the baseline model without

CDS for equilibrium bond prices, Þrm borrowing costs and Þrm investment demand.

4



We then extend the model by incorporating CDS contracts where CDS purchasers

must also own the underlying bond, which we call Covered CDS Economies. This re-

striction on CDS ownership is then removed so that investors are free to purchase CDS

without having to own the underlying bond, which we call Naked CDS Economies.

First, we Þnd that covered CDS raise bond prices and lower borrowing costs. The

reason is that optimistic investors implicitly increase the demand for bonds when

the number of CDS that can be sold is limited to the number of underlying bonds

issued. Optimists demand consumption in good statesi.e ÒArrow-UpÓ securities,

which are e!ectively purchased by selling CDS. The supply of Arrow-Up securities is

limited by the number of underlying bonds. Thus, optimistsÕ demand for Arrow-Up

securities is e!ectively the demand for bonds. This tends to raise bond prices and

lower borrowing costs.1 Firms endogenously respond to lower borrowing costs by

increasing investment. Additionally, Þrms are more likely to default on their debt for

certain parameters as they increase their investment demand.

Second, we show that when CDS may be purchased without owning the underlying

bond, as in our naked CDS economies, overall demand for credit derivatives rises.

Natural bond buyers are pulled out of debt markets and into derivative markets. This

results in an increase in Þrm borrowing costs and lower subsequent Þrm investment

levels. Consequently, Þrm default risk is also lowered over certain parameter regions.

Thus, we Þnd that both types of CDS lead to a tradeo! between borrowing costs and

default risk when investment is endogenous; covered CDS lower Þrm borrowing costs

and increase default risk, while naked CDS increase Þrm borrowing costs and lower

default risk.
1As we show later in the paper, Arrow-Up securities and bonds are complimentary assets in

covered CDS economies. Optimistic investors implicitly raise the demand for bonds since the only
way for them to purchase synthetic Arrow-Up securities is through insuring credit risk.
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Third, the introduction of a single CDS type a!ects both Þrm typesÕ borrowing

costs and investment decisions. In other words, CDS generate what we call Òini-

tialÓ spillovers. The spillovers are positive in covered CDS economies. The reason is

that covered CDS allow a smaller set of the most optimistic investors to price and

hold all credit risk because the number of CDS contracts that can be sold is limited to

the number of underlying bonds. Consequently, the investors who purchase the other

Þrm typeÕs debt are more optimistic relative to an economy in which CDS do not

exist. This drives up bond prices and lowers Þrm borrowing costs. Conversely, the

spillovers are negative in naked CDS economies. Pessimistic investors demand naked

CDS and drive up CDS prices. This induces more investors to sell credit derivatives

instead of buying the other Þrm typeÕs bonds, causing its bond price to fall.

Last, introducing CDS contracts on the second Þrm type generates ÒadditionalÓ

spillovers. Additional CDS types allow multiple but equivalent ways to buy Arrow se-

curities. This reduces the need to use CDS on anyspeciÞcÞrm type. In other words,

investors do not care what type of Þrm debt CDS contracts insure when technology

shocks are aggregate. In covered CDS economies, thisraises borrowing costs for Þrm

types for whom CDSpreviously existed.Conversely, in naked CDS economies, addi-

tional CDS types lower borrowing costs for Þrms with pre-existing CDS contracts.

The key di!erence in how additional CDS inßuence borrowing costs is whether or

not investors can purchase naked CDS. For example, in covered CDS economies,

introducing additional CDS types reduces the competitive pressure on thesell-sideof

the credit insurance market. Optimistic investors who choose to sell CDS can do so

using either Þrm typesÕ bond as the underlying asset, which reduces the competition

to sell credit derivatives on the initial Þrm typeÕs debt. This tends to increase the CDS

price and raise borrowing costs. Conversely, in naked CDS economies, introducing

6



additional CDS types reduces the competitive pressure on thebuy-sideof the initial

CDS market. Pessimistic investors who choose to buy naked credit derivatives can

do so on either Þrm typesÕ bond. This reduces the price of credit protection insuring

the initial Þrm typeÕs bond, which lowers its borrowing costs.

Our modelÕs borrowing cost spillovers in bond markets is novel. CDS can either free

or tie up capital to buy other assets depending whether investors are required to

hold the underlying bond. Ashcraft and Santos (2009) evaluate how CDS a!ect bond

prices and borrowing costs, but only test for how CDS a!ect the borrowing costs for

the underlying reference entity, and do not consider any spillover e!ects. Norden et.

al (2014) Þnd evidence of interest rate spillovers in syndicated bank lending markets,

but not bond markets. The authors attribute interest rate spillovers in bank lending

markets from banksÕ use of CDS to more e!ective portfolio risk management.

There is currently very little theoretical work detailing how credit derivatives a!ect

borrowing cost and investment in a production environment. This paper aims to Þll

this gap. Our work is most closely related to a class of heterogeneous agent models

developed by Fostel and Geanakoplos ((2012) & (2013)). Fostel and Geanakoplos

(2012) show in an endowment economy that Þnancial innovation in credit derivatives

markets alters asset collateral capacities, and asset prices. Fostel and Geanakoplos

(2013) study the e!ect credit derivatives have on endogenous investment outcomes

and show that credit derivatives can lead to investment beneath the Þrst best level ob-

tained in an Arrow-Debreu Economy. Our model is distinguishable from their models

because we treat production and Þnancial investment separately. This allows us to

incorporate heterogeneous production and endogenous default in a very simple way.

Che and Sethi (2012) study how CDS a!ect borrowing costs for a representative Þrm

with a random output draw that raises an exogenous amount of capital. Our model

adds several relevant features by explicitly modeling a production environment with

7



di!erent Þrm types so that CDS need not have a uniform e!ect on potential borrow-

ers. Moreover, the ßexible speciÞcation we utilize allows one to generate comparative

static results for changes in productivity, economy wide technology shocks, as well

as Þrm optimism. Second, our model gives rise to a more in-depth discussion of in-

vestment and default decisions because investment needs are endogenous. Oehmke

and Zawadowski (2013) study the e!ects CDS have on bond market pricing when

investors not only have heterogeneous beliefs, but also heterogeneous trading fre-

quencies. The authors do not consider investment in production or default. Bolton

and Oehmke (2011) show how CDS lead to an empty creditor problem, whereby

lendersÕ incentives to rollover loans are reduced, leading to increased bankruptcy and

default risk. Our model has implications for endogenous default without the need for

debt renegotiations.

The organization of the paper is as follows: In Section 2.2, we Þrst describe a very

general model of Þrms, debt contracts and investors. We solve the baseline economy

with no CDS contracts, and describe the relevant comparative statics. In Section 2.3,

we introduce covered CDS, Þrst on one Þrm type then on both. In section 2.4 we

introduce naked CDS. We discuss in detail the comparisons across all economies in

Section 2.5. We close with concluding remarks.
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2.2 Non-CDS Economy

2.2.1 Model

2.2.1.1 Time and Uncertainty

The model is a two-period general equilibrium model, with timet = { 0, 1} . Uncer-

tainty is represented by a treeS = { 0, U, D} with a root s = 0 at time 0 and two

states of natures = { U, D} at time 1. There is one durable consumption good in this

economy that is also the numeraire good. We will refer to this throughout the paper

as cash.

2.2.1.2 Agents

Firms

There are two Þrmsi = { G, B} in the economy where ÞrmG is the ÒgoodÓ type

and Þrm B is the ÒbadÓ type. Each Þrm is owned and operated by a manager with

access to a production technology. The managers run the Þrms and consume from

Þrm proÞts. The only di!erence between the two Þrms is the production technology

at the respective managersÕ disposal. The Þrms use the durable consumption good

as an input at time 0 and produce more of this good for consumption at time 1. The

respective ÞrmsÕ have standard decreasing returns to scale production functions given

by AsI ! i
i with the following properties: I

!

i > 0, I
!!

i < 0. Firm G is more productive

than Þrm B, i.e. I ! g > I ! b, " 0 < I < 1. In other words, using the same input, Þrm

G can always produce more than Þrm B.

The technology shockAs takes on binary values at time 1, withAU > A D . The
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technology parameter is identical for both Þrms. Consequently, the only type of

uncertainty in our model is aggregate. Idiosyncratic risk would not have an impact

with two Þrms and two states, because agents would be able to perfectly insure

themselves. The only way idiosyncratic risk would have an impact is if we were

to consider more than 2 states (in which case even after agents trade with each

other there would still be non-aggregate risk remaining). We leave this to further

research.2

For simplicity we normalize the technology shockAU to 1. Both Þrms have identical

expectations about the future, where each Þrm expectss = U with probability ! and

s = D with probability (1 # ! ) at time 1. Lastly, these Þrms are competitive price

takers in the market for the durable consumption good.

Investors

We consider a continuum of uniformly distributed risk neutral investorsh $ H %

U (0, 1), who do not discount the future. Investors are characterized by linear utility

for the single consumption goodxs for at time 1. Each investorh $ H = (0 , 1) is

endowed with one unit of the consumption good,eh = 1, and assigns probabilityh

to the up-state U and (1# h) to the down-state D. Thus, a higherh denotes more

optimism. The von-Neumann-Morgenstern expected utility function for investorh is

given by

Uh(xU, xD ) = hxU + (1 # h)xD . (2.1)

We assume a uniform distribution for tractability. The results will hold in general as

long as the beliefs are continuous and monotone inh. In terms of investor preferences,

2Also, it is interesting that in considering only aggregate risk, the Þrms di!er only in the pro-
ductivities and still CDS have a big e!ect, so with more dimensions of heterogeneity we predict the
e!ect to be even bigger.
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we assume risk-neutrality but the results are also qualitatively preserved with common

investors beliefs and state contingent endowments.

2.2.1.3 Firm Financing

Firms have no initial endowment and need to raise capital from the investors by

issuing debt in order to produce. We restrict Þrm Þnancing decisions to debt issuance

and do not allow for equity issuance. We want to better understand the impact

of credit derivatives (on debt instruments) on the debt issuance decision before we

consider the impact of credit derivatives on a more general capital allocation problem.

Incorporating equity issuance is a natural extension of the model.

At time 0, Þrms issue debt contracts (bonds) using the ÞrmÕs future output as col-

lateral. The lender (investor) has the right to seize as much of the collateral up to

the value of the promise, but no more. This enforcement mechanism ensures that the

borrower (Þrm) will not simply default on its promise to repay at time 1.

Each bond, pricedpi at time 0, promises a face value of 1 upon maturity at time 1.

The two Þrms issue bonds denoted byqi at time 0. In the up-state, each bond returns

full face value, 1.3 In the down-state bonds pay&s
i = min

!
1, A s I

! i
i

qi

"
, which we call the

bondÕs Òrecovery value.Ó Firm borrowing costs are denoted byr i , and equal to the

di!erence in what the Þrm owes on maturity and the amount of capital they receive

at the time of issuance,r i =1 # pi . Figure 1 depicts the bond payouts.

3We assume the bonds repay in full ats = U to make the model interesting; otherwise, the Þrm
does not invest in production.
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2.2.1.4 Firm Maximization Problem

Each Þrm chooses investmentI i , to maximize proÞts. Since Þrms have no initial

endowment, all of their investment for production will have to be Þnanced by issuing

debt.4 HenceI i = pi qi . Let " s
i denote state-contingent Þrm proÞts.

Each Þrm i maximizes expected proÞts given its state contingent repayment deci-

sion:

#
$%

$&

maxqi E [" i ] =
'

!
(
AUI ! i

i # qi
)

+ (1 # ! )
(
AD

i I ! i
i # min

(
qi , AD I ! i

i

))*

s.t. I i = pi qi

+
$,

$-
(2.2)

2.2.1.5 Investor Maximization Problem

We can now characterize each agentsÕ budget set. Given bond pricespi , each investor

h $ H chooses cash holdings
'

xh
0

*
and bond holdings

'
qh

i

*
at time 0 to maximize

utility given by (2.1) subject to the budget set deÞned by:

B h (pi ) =
. /

xh
0, qh

i , xh
s

0
$ R+ ' R+ ' R+ :

xh
0 +

1

i

pi qh
i = eh,

xh
s =

2

1 #
1

i

pi qh
i

3

+
1

i

&s
i q

h
i

4
, s = { U, D} .

Each investor consumes from two potential sources in either state of nature: con-

sumption based on risk-less cash holdings and consumption from their total bond

portfolio. In the up-state, consumption from bond holdings is equal to the quantity

of bonds an investor owns in his portfolio because each bond has face value of 1. In

4We abstract away from equity issuance and focus only on the impact credit derivatives have on
debt Þnancing.
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the down-state, Þrms may default on their debt, in which case investors take own-

ership of the Þrm and consume from the ÞrmsÕ recovery value on a per bond basis.

Furthermore, note that we rule out short sales of bonds by assumingqi $ R+ .

2.2.1.6 Equilibrium

An equilibrium in the Non-CDS Economyis a collection of bond prices, Þrm invest-

ment decisions, investor cash holdings, bond holdings and Þnal consumption deci-

sions,pi , I i , (x0, qi , xs)h! H $ R+ ' R+ ' (R+ ' R+ ' R+ ) such that the following are

satisÞed:

1.
ö 1

0
xh

0dh +
1

i

ö 1

0
pi qh

i dh =
ö 1

0
ehdh

2.
1

i

ö 1

0
qh

i &s
i dh +

1

i

" s
i =

1

i

AsI ! i
i , s = { U, D}

3. I i =
ö 1

0
pi qh

i dh

4. " i (I i ) ( " i ( öI i ), " öI i ( 0 for i = { G, B}

5.
/
xh

0, qh
i , xh

s

0
$ B h (pi ) ) Uh (x) * Uh

/
xh

0
, " h

Condition (1) says at time 0 all of the initial cash endowment is held by investors

for consumption or used to purchase bonds from Þrms. Condition (2) says the goods

market clears at time 1 such that all Þrm output is consumed either by Þrm managers

via proÞts or goes to creditors via bond payments. The capital market clearing

conditions correspond with (3). Condition (4) says that Þrms choose investment to

maximize proÞts, and condition (5) states that investors choose optimal portfolios

given their budget sets.
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Table 2.1: Equilibrium Values: Non-CDS Economy

Non-CDS Economy
i = G i = B

Price: pi .8099 .7973
Quantity: qi .2025 .1918

Investment: I i .1640 .1529
Output: Y U

i .4049 .2950
Exp.ProÞt: E [" i ] .1012 .0516

2.2.2 Results

We now characterize equilibrium for theNon-CDS Economyfor a given set of pa-

rameters. Let AD = 0.2, ! = 0.5, #g = 0.5, and #b = 0.65. The main results of the

paper are not particular to these parameter values. Parameters are chosen such that

probability of default in the down-state is positive for both Þrms.5

In equilibrium, as a result of linear utilities and the continuity of utility in h, and the

connectedness of the set of agentsH = (0 , 1) , at state s = 0 there will be marginal

buyers, h1 > h 2. Every agent h > h 1 will buy bonds issued by Þrm type B, every

agenth2 < h < h 1 will purchase bonds issued by Þrm type G, and every agenth < h 2

will remain in cash. This regime is shown in Figure 2.

Table 2.1 shows that Þrm G is more proÞtable than Þrm B. This is due to Þrm G

being able to raise capital on better terms,i.e itÕs bond is priced higher. Moreover,

Þrm G invests more and proÞts are increasing in production.

In the remainder of the section we explain how to solve for the equilibrium in the

Non-CDS Economy. Readers not interested in the technical details can skip to the

5Firms could borrow at the risk-free interest rate if there was never a positive probability of
default in some state of nature. In such a world, investors with rational expectations would not pay
a positive price for a CDS contract and no CDS would be traded in equilibrium.
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next section. We Þrst guess a particular regime (default ats = D) and check to see

if it is indeed optimal.6

The eight endogenous variables are (pi , qi , I i , h1, h2) . The system of equations used to

solve the endogenous variables is:

h1 + (1 # h1) &D
g

pg
=

h1 + (1 # h1) &D
b

pb
(2.3)

h2 + (1 # h2) &D
g

pg
= 1 (2.4)

AU#i I
! i " 1
i =

1
pi

(2.5)

I i = pi qi (2.6)

1 # h1

pb
= qb (2.7)

h1 # h2

pg
= qg (2.8)

Equation (2.3) says that the marginal investor indi!erent between purchasing type G

and type B debt must believe that the expected returns of the two assets are equal.

Similarly, equation (2.4) says the marginal investor indi!erent between buying type

G debt and holding cash must believe that the returns to the two assets are equal.

Equation (2.5) is each ÞrmÕs marginal investment decision that equates the marginal

product of each additional unit of capital with its marginal cost. Next, equation

(2.6) says that each ÞrmsÕ bond issuanceqi will be in accordance with the desired

investment level given the market price for bonds. Equations (2.7) and (2.8) are the

bond market clearing conditions for type B and type G debt respectively. They state

that investors h > h 1 demand for type B bonds is equal to the supply of type B bonds.

Likewise, investorh2 < h < h 1 demand for type G bonds is equal to the supply of
6Firms can choose investment such that they either default or fully repay in the downstate. We

only present the equilibrium when Þrms default on their debt obligations in the main body of the
text because CDS will not exist if Þrms fully honor their debt obligations in both states of nature.
The results for other possible regimes are presented in Appendix A.
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Table 2.2: Comparative Static Results: Non-CDS Economy

i = { G, B} pi I i qi E [" i ]
" (á)
"A D

"p i
"A D > 0 "I i

"A D > 0 "q i
"A D > 0 "E [#i ]

"A D > 0
" (á)
"$

"p i
"$ = 0 "I i

"$ = 0 "q i
"$ = 0 "E [#i ]

"$ > 0

type G bonds.

2.2.3 Comparative Statics

In this section we discuss a few of the modelÕs comparative static results for di!erent

values of! and AD . The results of our model are in line with the classic theory of

the Þrm as shown in Table 2.2.

Bond Prices

Both ÞrmsÕ bond prices are increasing inAD for pi < 1. This is because an increase in

AD raises the recovery value of the Þrm in the down-state,which raises the expected

value of the bond and consequently its price.

Investment

Investment levels are increasing for both Þrms asAD increases whenpi < 1,. Bond

recovery values increase asAD increases. This increases bond prices and lowers bor-

rowing costs. Firms respond to lower borrowing costs by increasing investment. In-

vestment is constant in Þrm optimism,! , for both Þrms whenpi < 1. Firm optimism

does not a!ect investment decision since they expect to default ats = D regardless

of how optimistic they are.

Expected ProÞts
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Expected proÞts are monotonically increasing for both Þrms inAD and ! . An increase

in AD raises Þrm recovery value in the down-state. This corresponds to higher bond

prices and lower borrowing costs at time 0. ProÞts are therefore increasing in the value

of down-state shockAD . Expected proÞts are increasing in Þrm optimism! because

the probability they assign to the up-state, where they make proÞts, is rising.

2.3 Covered CDS Economy

2.3.1 Covered CDS

In this section, we incorporate credit default swaps (CDS) to the baseline model. A

CDS is a Þnancial contract in which a CDS seller compensates the buyer for losses

to the value of an underlying asset for a pre-speciÞed credit event or default. The

underlying assets in this economy are Þrm bonds. CDS contracts compensate buyers

the di!erence between a bondÕs face value at maturity and its recovery value at the

time of the credit event. Thus, CDS allow investors to hedge against idiosyncratic

default risk.7

We Þrst consider covered CDS, where CDS buyers are required to also hold the

underlying asseti.e. the ÞrmÕs bond for whom the CDS was written. We assume

the CDS seller must post enough collateral to cover the payment in the worst case

scenario to rule out any counter-party risk. Letqh
ic be the number of CDS investorh

can sell, and letpic be the CDS price. Therefore the total cash investorh holds to

collateralize CDS contracts, including payments received for selling CDS, will equal

to the maximum possible CDS payout in the event of Þrm default times the number

7CDS do not allow investors to insure away aggregate risk.
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of CDS contracts sold:

1 + pic qic = qh
ic (1 # & s

i ) . (2.9)

In other words, the collateral posted by the CDS seller must equal the total exposure

of his CDS position. This represents the maximum CDS payout. Solving for the total

number of CDS contracts gives:

qh
ic =

1
1 # & s

i # pic
. (2.10)

Figure 3 shows the payout to the CDS seller and buyer. At time 0, a CDS seller must

post a portion of his own collateral, 1# & s
i # pic , to insure each CDS. In the Up-state

the CDS seller consumes the collateral as the bond pays in full. In the Down-state, all

of the collateral is used to compensate CDS buyers. Thus, selling CDS is equivalent

to holding an Arrow-Up security since it pays out only whens = U and nothing when

s = D.

2.3.1.1 Investor Maximization Problem

Given bond and CDS prices (pi , pic ), each investorh decides on their cash, bond and

CDS holdings
'

xh
0, qh

i , qh
ic

*
, to maximize utility (2.1) subject to the following budget

set:

B h (pi , pic ) =
. /

xh
0, qh

i , qh
ic , xh

s

0
$ R+ ' R+ ' R ' R+ :

xh
0 +

1

i

pi qh
i +

1

i

picqh
ic = eh,

xh
s = xh

0 #
1

i

picqh
ic +

1

i

qh
i &s

i +
1

i

qh
ic (1 # & s

i ) , s = { U, D}

max
'

0, qh
ic

*
* qh

i

4
.

The Þrst two equations are analogous to the investor budget set in theNon-CDS
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Economy. The third equation states that since CDS buyers are required to hold

the underlying asset, the maximum number of CDS contracts that can be purchased

cannot exceed the number of bonds owned. Note there is no sign restriction onqh
ic .

Selling CDS implies thatqh
ic < 0, whileqh

ic > 0 implies purchasing CDS. Short selling of

bonds is still ruled out by the restrictionqi $ R+ as in theNon-CDS Economy.

2.3.1.2 Equilibrium

An equilibrium in the Covered-CDS Economyis a collection of bond prices, CDS

prices, Þrm investment decisions, investor cash holdings, bond holdings, CDS holdings

and Þnal consumption decisions:

pi , I i , (x0, qi , qic , xs)h! H $ R+ ' R+ ' (R+ ' R+ ' R ' R+ ) such that the following

are satisÞed:

1.
ö 1

0
xh

0dh +
1

i

ö 1

0
pi qh

i dh =
ö 1

0
ehdh

2.
1

i

ö 1

0
qh

i &i dh +
1

i

" s
i =

1

i

AsI ! i
i , s = { U, D}

3.
ö 1

0
qh

ic = 0

4. I i =
ö 1

0
pi qh

i dh

5. " i (I i ) ( " i ( öI i ), " öI i ( 0

6.
/
xh

0, qh
i , qh

ic , xh
s

0
$ B h (pi , pic ) =) Uh (x) * Uh

/
xh

0
, " h

Condition (1) states that all of the initial endowment is either held by investors or

used to purchase bonds. Condition (2) says the goods market clears such that total

Þrm output is consumed by Þrm managers via proÞts and used to repay bond holders.

Condition (3) says that the CDS market is in zero net supply, while (4) states that
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the capital market clears. Condition (5) says Þrms choose investment to maximize

proÞts. Lastly, (6) states that investors choose a portfolio that maximizes their utility

given their budget set.

We make use of the following lemma to characterize equilibrium in the covered CDS

economy.

Lemma 1 If 0 < &i < 1, then no bonds for which CDS is sold will be purchased

without CDS.

Proof. See Appendix A.

The intuition behind Lemma 1 is that any investor optimistic enough to buy a bond

without a CDS will be better o! selling CDS on that bond. Additionally, if the

recovery value of the bond is zero, then CDS and bonds pay the same amount in both

states, thus making CDS redundant assets. Finally, if the recovery value of the bond

is 1, then bonds are risk free and no CDS will trade in equilibrium.

2.3.2 Type B Covered CDS Economy

We Þrst introduce CDS only on type B debt. Introducing CDS in this sequential

manner allows us to examine how CDS a!ect Þrm Þnancing for whom CDS contracts

are written, but also any additional beneÞts or cost CDS impose on other Þrms

seeking Þnancing. We now characterize the equilibrium for this economy for the

following parameter values:AD = 0.2, ! = 0.5, #g = 0.5, and #b = 0.65.8

As before, there will bemarginal buyers, h1 > h 2. In equilibrium, every agenth > h 1

will sell CDS on type B debt, every agenth2 < h < h 1 will purchase type G debt, and

8The characterization of the equilibrium when either one or both Þrms does not default can be
found in Appendix A
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every agenth < h 2 is indi!erent to holding covered CDS and cash. More speciÞcally,

they hold a portfolio of covered positions on type B and cash.9 This regime is shown

in Figure 4.

Table 2.3: Equilibrium Values: Type B Covered CDS Economy

Type B Covered CDS Economy
i = G i = B

Price: pi .8269 .8511
Quantity: qi .2067 .2165

Investment: I i .1709 .1843
Output: Y U

i .4134 .3331
Exp.ProÞt: E [" i ] .1034 .0583

Table 2.3 shows equilibrium values of the endogenous variables in theType B Covered

CDS Economy. Introducing covered CDS produces a number of interesting results.

Compared to theNon-CDS Economy, covered CDS lower borrowing costs for the Þrm

on which CDS are traded (Þrm B) due to separation of credit risk from Þrm Þnancing

needs. More interestingly, Þrm G is also able to borrow on better terms despite there

being no fundamental changes to the Þrm. Thus, we Þnd a positive spillover to Þrm G

when investors are able to sell CDS on Þrm B debt. As both Þrms are able to borrow

on better terms, they raise more capital and thus are more proÞtable compared to the

Non-CDS Economy. A detailed analysis of these results is presented in the Section

5.

In the remainder of this section we explain how to solve for the equilibrium in the

Type B Covered CDS Economy.We Þrst guess a particular regime (default ats = D)

and check to see if it is optimal.

The nine endogenous variables in this economy are (pi , pbc, qi , I i , h1, h2). The system

9In equilibrium, every agent h < h 2 will be indi!erent between cash and a covered position and
each agent will hold a portfolio consisting of 30.43% in covered positions and the rest in cash. To
compute this portfolio allocation we simply divide the number of type B bonds investors hold by
their total cash endowment: qb

h2

21



of equations that solve the endogenous variables is:

h1
/
1 # & D

b

0

1 # pbc # & D
b

=
h1 + (1 # h1) &D

g

pg
(2.11)

h2 + (1 # h2) &D
g

pg
= 1 (2.12)

AU#i I
! i " 1
i =

1
pi

(2.13)

I i = pi qi (2.14)

(1 # h1)
1 # pbc # & D

b

= qb (2.15)

h1 # h2

pg
= qg (2.16)

pb + pbc = 1 (2.17)

Equation (2.11) states that marginal investorh1 is indi!erent between selling CDS

on type B debt and purchasing type G bonds. Similarly, equation (2.12) says that

marginal investor h2 is indi!erent between purchasing type G bonds and holding a

risk free portfolio consisting of cash and covered CDS positions. Equation (2.13)

is each ÞrmÕs investment level that maximizes proÞts. Equation (2.14) says that

each ÞrmsÕ bond issuanceqi will be in accordance with the desired investment level

given the market price for bonds. Next, equation (2.15) is the CDS market clearing

condition for CDS contracts on type B debt. In any covered CDS equilibrium, the

total number of CDS contracts investors sell equals the number of bonds purchased,

due to Lemma 1. Equation (2.16) is the capital market clearing condition for type G

debt. Lastly, equation (2.17) is a non-arbitrage pricing implication of assuming the

return to holding a covered CDS position is equivalent to holding cash and will be

priced accordingly.

Note that there are four markets that must clear; the bond market for each Þrm

type, the CDS for type B debt, and the market for cash. By WalrasÕ Law, three
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market clearing conditions is su"cient to ensure all four markets clear. However, the

restriction that in any covered equilibrium all CDS must also be purchased with the

underlying bond implies that the bond market and CDS market for type B debt will

be linked. In fact, one cannot clear without the other, and a single market clearing

condition for the two markets is all that is needed. That is why there are only two

market clearing conditions, (2.15) and (2.16).

2.3.3 Covered Two CDS Economy

In this section, we allow CDS to be traded on both ÞrmsÕ debt. The characterization

of equilibrium in this economy is for the same set of parameters used to solve all

previous economies.10

As before, there will bemarginal buyers, h1 > h 2. In equilibrium, every agenth > h 1

will sell CDS on type B debt, every agenth2 < h < h 1 will sell CDS on type G debt,

and every agenth < h 2 is indi!erent between holding either covered CDS and cash.

All agents h < h 2 hold a portfolio of covered positions on Þrm type B, type G, and

cash.11 This regime is shown in Figure 5.

Table 2.4 shows the equilibrium values of the endogenous variables in theCovered

Two CDS Economy.

Recall that the initial introduction of CDS lowered borrowing costs for both Þrm

types leading to increased investment levels. In this economy, competition in the

CDS market results in di!erent bond pricing and investment decisions. Additional

10The characterization of the equilibrium for the Risk Free Regimeand Partial Risk Regime can
be found in Appendix A.

11In equilibrium, every agent h < h 2 will be indi!erent between cash and a covered position and
each agent will hold a portfolio consisting of 54.93% in covered positions and the rest in cash. To
compute this portfolio allocation we simply divide the number of type B and G bonds investors hold
by their total cash endowment: qb + qg

h2
.
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Table 2.4: Equilibrium Values: Two Covered CDS Economy

Two Covered-CDS Economy
i = G i = B

Price: pi .8689 .8488
Quantity: qi .2172 .2154

Investment: I i .1888 .1828
Output: Yi

U .4345 .3314
ProÞt: " i .1086 .0580

CDS creation can actuallyincreaseborrowing costs anddecreaseinvestment for Þrms

for whom CDS previously traded, even when CDS are restricted to covered posi-

tions.

Introducing covered CDS on type G (the second Þrm) lowers its borrowing costs

relative to the Non-CDS Economyand Type B Covered CDS Economydue to the

separation of credit risk from Þrm Þnancing. However, type B now borrows on worse

terms compared to theType B Covered CDS Economydespite there being no funda-

mental changes to the Þrm itself. Thus, we Þnd a negative spillover to Þrm B as a

result of Þrm G also having CDS traded on its debt. This leads to higher investment

for type G and lower investment for type B. Not surprisingly, proÞts rise for G and

fall for B when compared to theType B Covered CDS Economy. A detailed analysis

of these results is presented in Section 5.

In the remainder of this section we explain how to solve for the equilibrium in the

Covered Two CDS Economy.We Þrst guess a particular regime (default ats = D)

and check to see if it is optimal.

The ten endogenous variables in this economy are (pi , pic , qi , I i , h1, h2). The system
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of equations for the set of endogenous variables is:

h1
/
1 # & D

b

0

1 # pbc # & D
b

=
h1

/
1 # & D

g

0

1 # pgc # & D
g

(2.18)

h2
/
1 # & D

g

0

pg # & D
g

= 1 (2.19)

AU#i I
! i " 1
i =

1
pi

(2.20)

I i = pi qi (2.21)

(h1 # h2)
1 # pgc # & D

g
= qg (2.22)

(1 # h1)
1 # pbc # & D

b

= qb (2.23)

pi + pic = 1 (2.24)

Equation (2.18) says that marginal investorh1 will be indi!erent to writing a CDS

using either Þrm type as the underlying reference entity. In equilibrium, CDS prices

are purely a function of fundamentals and not investor expectations. Moreover, the

equilibrium is unchanged if we re-rank investors by having the most optimistic set

selling CDS on type G debt instead. The relative mass of investors selling di!er-

ent CDS types remains unchanged when investors are re-ranked. This conÞrms that

optimistic investors are indi!erent between selling either CDS type because, in equi-

librium, the returns are identical. Equation (2.19) states that marginal investorh2

will be indi!erent between selling a CDS on type G debt and holding cash. As in

previous economies, equation (2.20) is each ÞrmÕs proÞt maximizing investment level,

and equation (2.21) shows the capital market clearing condition. Equations (2.22)

and (2.23) are CDS market clearing for type G and type B debt, respectively. Recall

that in covered CDS economies CDS can only be purchased with the underlying asset.

Thus, the respective bond and CDS markets jointly clear. By WalrasÕ Law the market

for cash will automatically clear. Lastly, (2.24) is a non-arbitrage pricing implication
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of assuming the return to holding either covered CDS position is equivalent to holding

cash and will be priced accordingly.

2.4 Naked CDS Economy

2.4.1 Naked CDS

In this section, we extend the model by allowing investors to holdnaked CDS posi-

tions: investors do not need to hold the underlying asset to purchase a CDS.

A naked CDS buyer expects to receive the di!erence between the face value of the

bond and its value at the time of default. The naked CDS payout structure is given

in Figure 6. Furthermore, notice that buying a naked CDS is equivalent to buying

the Arrow-Down security since it pays out only whens = D and pays nothing when

s = U.

At time 0 an investor can purchase a naked CDS by payingpic . The buyer believes

with probability h that the up-state will occur at time 1, the Þrm will not default,

and the CDS will not payout. The buyer believes with probability (1# h) that the

downstate will occur at time 1. In this case he expects to receive the di!erence

between the face value of the bond and its recovery value at time 1, (1# & s
i ).

We continue to assume that CDS sellers post enough collateral to cover payments

in the worst-case scenario. Therefore the maximum CDS payout carries over from

previous economies and is given by Equation (2.10). Moreover, the implications of

Lemma 1 still hold.
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2.4.1.1 Investor Maximization Problem

Given bond and CDS prices (pi , pic ), each investor chooses cash, bond and CDS

holdings
'

xh
0, qh

i , qh
ic

*
to maximize utility (2.1) subject to the budget set:

B h (pi , pic ) =
. /

xh
0, qh

i , qh
ic , xh

s

0
$ R+ ' R+ ' R ' R+ } :

xh
0 +

1

i

pi qh
i +

1

i

picqh
ic = eh,

xh
s = xh

0 #
1

i

picqh
ic +

1

i

qh
i &s

i +
1

i

qh
ic (1 # & s

i )
4

.

The investorÕs budget set is exactly the same as the one described in theCovered

Two CDS Economy except that investors can now buy CDS without holding the

underlying asset. Hence there is no restriction that ties the maximum number of

CDS contracts bought to the number of bonds held.

Equilibrium Existence and Institutional Investor

At this point we acknowledge an existence problem identiÞed by Fostel and Geanako-

plos (2013). The authors show that there are robust parameter regions in which

collateral equilibrium fails to exist when naked CDS are introduced. To circumvent

this problem, we assume there exists an investor,M , outside the continuum who is

required to hold no risk on his balance sheet. We assume that this is a deep-pocketed

investor with large enough endowment to satisfy all potential Þrm funding needs and

associated cost of insurance in equilibrium. He can be thought of as mutual fund

manager for example. For simplicity, we assume this investor takes utility in holding

covered bonds of either type since both covered positions have the same payout in

both states. Let his utility be given by $ > 0, wherexs is time 1 consumption and

ci is a covered CDS package made up of a bond and CDS:ci = qi + qic .12 Since he

12The micro-foundations of the investorÕs preferences are not explicitly modeled, though it is easy
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holds no risk, a CDS contract will accompany every bond purchased. Furthermore,

UM !
(ci ) > 0 so that the investor always prefers to invest when the opportunity exists.

We can now characterize theinstitutional investorÕsbudget set:

B M (pi , pic ) =
. /

xM
0 , qM

i , qM
ic , xM

s

0
$ R+ ' R+ ' R+ ' R+ :

xM
0 +

1

i

(pi + pic ) cM
i = eM ,

xM
s = xM

0 +
1

i

cM
i

4
.

The investor uses his endowment to either purchase bonds with covered CDS or for

consumption. The retail investor consumes the same amount in either state since

covered CDS positions have identical payouts in both states.

2.4.1.2 Equilibrium

An equilibrium in the Naked-CDS Economyis a collection of bond prices, CDS prices,

Þrm investment decisions, and investor consumption decisions:

pi , pic , I i , (x0, qi , qic , xs)h! H ,
/
xM

0 , xM
s

0
$ R+ ' R+ ' R+ ' (R+ ' R+ ' R ' R+ ) '

(R+ ' R+ )

to do so. For example, one could assume the investor is a fund manager who invests in covered CDS
for which he receives a fee given by! .
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such that the following are satisÞed:

1.
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Condition (1) states that all endowment including theretail investorÕsendowment

goes to one of three uses: (a) held as collateral to issue CDS, (b) held by theretail

investor for consumption, or (c) used by theretail investor to purchase bonds and

covered CDS. Condition (2) says the goods market clears such that total Þrm output

is consumed by Þrm managers in the form of proÞts and used to repay bond holders.

Condition (3) says that the CDS market is in zero net supply because all CDS pur-

chased as naked investments and all CDS purchased by theretail investor as covered

investments will be equal to all of the CDS issued. Condition (4) is the capital market

clearing condition. Condition (5) says Þrms choose investment to maximize expected

proÞts. Condition (6) states that investors choose a portfolio that maximizes their

utility given their budget sets, while condition (7) says that theretail investor holds

a portfolio that maximizes his utility given his budget set.
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2.4.2 Type B Naked CDS Economy

In this section investors are allowed to trade CDS only on type B debt. Introducing

CDS on one ÞrmÕs debt at a time allows us to capture spillovers in naked CDS

economies.

The equilibrium for this economy is characterized for the same parameters used in

previous economies.13

As before, there will bemarginal buyers, h1 > h 2. In equilibrium, every agenth > h 1

will sell CDS on type B debt, every agenth2 < h < h 1 will purchase bonds issued by

type G, and every agenth < h 2 will buy naked CDS on type B debt. This regime

is shown in Figure 7 and the equilibrium values corresponding to this economy are

shown in Table 2.5.

Naked CDS raise type BÕs borrowing costs because pessimists are able to purchase

Arrow-Down securities. Additionally, type G Þrm borrowing costs rise because the

marginal buyer pricing type G bonds is signiÞcantly more pessimistic than in previ-

ous economies. Thus, both ÞrmsÕ Þnancing costs are higher than in theNon-CDS

Economy. Consequently, investment and proÞts are the lowest when compared to

all the other economies. A detailed analysis of these results is presented in Section

5.
13The equilibrium characterization for the Risk Free Regimeand Partial Risk Regime can be found

in Appendix A.
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Table 2.5: Equilibrium Values: Type B Naked CDS Economy

Type B Naked CDS Economy
i = G i = B

Price: pi .6341 .6381
Quantity: qi .1585 .1268

Investment: I i .1005 .0809
Output: Y U

i .3170 .1950
Exp.ProÞt: E [" i ] .0793 .0341

Lemma 1 continues to hold implying that no bonds on which CDS are traded will be

purchased without insurance. Furthermore, we derive the following lemma to solve

for equilibrium in the Type B Naked CDS Economy.

Lemma 2 No investors hold cash or covered assets in equilibrium.

Proof. See Appendix A.

The intuition is that any investor pessimistic enough to remain in cash will be better

o! buying a naked CDS.

In the remainder of this section we explain how to solve for the equilibrium in the

Type B Naked CDS Economy.We Þrst guess a particular regime (default ats = D)

and check to see if it is optimal.

The nine endogenous variables in this economy are (pi , pbc, qi , I i , h1, h2). The system
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of equations that solve the set of variables is:

h1
/
1 # & D

b

0

pb # & D
b

=
h1 + (1 # h1)&D

g

pg
(2.25)

(1 # h2)
/
1 # & D

b

0

1 # pb
=

h2 + (1 # h2)&D
g

pg
(2.26)

AU#i I
! i " 1
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1
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(2.27)

I i = pi qi (2.28)

(h1 # h2)
pg

= qg (2.29)

(1 # h1)
1 # pbc # & D

b

=
5

qb +
h2

pbc

6
(2.30)

pb + pbc = 1 (2.31)

Equation (2.25) says that marginal investorh1 will be indi!erent between issuing

CDS on type B debt or buying type G bonds. Equation (2.26) says that marginal

investor h2 is indi!erent between buying type G bonds and buying naked CDS on

type B debt. Next, equations (2.27)-(2.28), as in previous sections, are Þrm proÞt

maximizing investment decisions and capital funding conditions. Equation (2.29)

is the type G bond market clearing condition. Equation (2.30) is the type B CDS

market clearing condition, which states the supply of CDS investors issue will equal

the demand for CDS from both the retail investor and investors who purchase naked

CDS. Lastly, (2.31) is a non-arbitrage pricing implication of assuming the return to

holding either covered CDS position is equivalent to holding cash and will be priced

accordingly.
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Table 2.6: Equilibrium Values: Two Naked CDS Economy

Two Naked-CDS Economy
i = G i = B

Price: pi .6961 .6493
Quantity: qi .1740 .1310

Investment: I i .1211 .0850
Output: Y U

i .3480 .2015
Exp.ProÞt: E [" i ] .0870 .0353

2.4.3 Naked Two CDS Economy

In this section naked CDS are traded on both ÞrmsÕ debt. The equilibrium for this

economy is characterized for the same set of parameters used to analyze previous

economies.14 Table 2.6 and Figure 8 show the equilibrium values for this econ-

omy.

There is 1 marginal buyer h1 who is indi!erent between buying and selling either

CDS. In equilibrium, every agenth > h 1 will sell a CDS while every agenth < h 1 will

buy a naked CDS. The ability to buy and sell naked CDS on all Þrms in the economy

allows investors to convert their endowment into assets that deliver state-contingent

consumption. Investors who sell CDS use their endowment as collateral to consume

only in the up-state. Investors purchasing naked CDS use their endowment to buy

assets that pay out only in the down-state. In other words, at time 0 all investors

buy and sell state-continent consumption assets.

The previous section showed that introducing naked CDS on one Þrm negatively im-

pacts both ÞrmsÕ borrowing costs. However, introducing naked CDS on an additional

Þrm allows both Þrms to borrow on better terms compared to theType B Naked CDS

Economy. The additional CDS on Þrm G debt reduces the demand for naked CDS

14The characterization of the equilibrium for the Risk Free Regimeand Partial Risk Regime can
be found in Appendix A.
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issued on type B debt, lowering the price of type B CDS, which in turn lowers the

ÞrmÕs borrowing cost. However, Þnancing costs for both Þrms are higher relative to

the Non-CDS Economy, while investment and proÞts are lower. A detailed analysis

these results is presented in the Section 5. The set of equations used to solve theTwo

Naked CDS Economycan be found in Appendix A.

2.5 Economy Comparisons

In this section we review the paperÕs main Þndings by comparing bond prices and

borrowing costs, investment demand, and default decisions across economies. Table

2.7 succinctly shows the e!ects of CDS on all variables for both Þrms.

Table 2.7: Economy Comparisons

Non-CDS Cov 1 Cov 2 Naked 1 Naked 2
Price: pg .8099 .8269 .8689 .6341 .6961

Quantity: qg .2025 .2067 .2172 .1585 .1740
Investment: I g .1640 .1709 .1888 .1005 .1211
Output: Y U

g .4049 .4134 .4345 .3170 .3480
Exp. ProÞt: E [" g] .1012 .1034 .1086 .0793 .0870

Price: pb .7973 .8511 .8488 .6381 .6493
Quantity: qb .1918 .2165 .2154 .1268 .1310

Investment: I b .1529 .1843 .1828 .0809 .0850
Output: Y U

b .2950 .3331 .3314 .1950 .2015
Exp. ProÞt: E [" b] .0516 .0583 .0580 .0341 .0353
Marginal Buyer: h1 .8471 .8823 . 8835 .5489 .4578
Marginal Buyer: h2 .6831 .7114 .7875 .4484 -

2.5.1 Borrowing Costs

Borrowing costs are lower in covered CDS economies relative to economies without

CDS and economies with naked CDS. Issuing CDS allows investors to separate Þrm

funding needs from Þrm credit risk, and subsequently, allows the most optimistic
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investors to hold all of the credit risk. CDS sellers are only required to hold enough

collateral to cover Þrm default in the down-state, so that a single investor can now

insure multiple bonds. Thus, every dollar of collateral used to write CDS insures

more than a dollarÕs worth of bonds. In other words, the ability to write CDS allows

investors to pseudo-leverage their cash positions in a way that all Þrm funding needs

can be insured by a smaller set of more optimistic investors. Moreover, competition

among CDS issuers to write a limited number of CDS contracts drives down CDS

prices. Hence, borrowing costs fall and bond prices rise.

Naked CDS raise borrowing costs. Naked CDS allow pessimistic investors to price

and buy Arrow-Down securities. Pessimistic investors believe with relatively high

probability that s = D at time 1. Their preferred portfolio, therefore, is one that

pays only whens = D, which is equivalent to the Arrow-Down security. The demand

for CDS increases in naked CDS economies when investors are allowed to purchase

CDS without also having to own the underlying bond. This drives up CDS prices

and subsequent borrowing costs. In other words, pessimists implicitly price bonds

through their demand for naked CDS. Recall that Þrm borrowing costs in theNon-

CDS Economyare determined by bond buyers, and are implicitly determined by CDS

sellers in covered CDS economies. Pessimistic investors in these economies are limited

to holding cash or purchasing bonds with protection; their beliefs do not a!ect bond

prices. Subsequently, bond prices are higher than in naked CDS economies.

Fostel and Geanakoplos (2012) point out that derivative securities raise the collateral

value of cash relative to the collateral value of the underlying asset. This reduces

demand for the asset and lowers its prices. The notion that derivative securities

raise the collateral value of cash is present in our model as well, but with a slight

distinction. Bond prices can rise or fall in our model depending on whether or not

naked CDS are permitted, yet either type of CDS will always increase the collateral
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value of cash. The reason is that CDS and bonds are assetcompliments in covered

CDS economies. Thus, CDS increase the demand for cash as collateral, which also

increases the demand for the bond since it is only through issued bonds that covered

CDS can be created. This raises bond prices. Conversely, CDS and bonds are asset

substitutesin naked CDS economies. Thus, CDS raise the collateral value of cash and

investors substitute away from debt markets and into the derivative security market.

This lowers bond prices.

Lastly, notice that once any type of CDS is traded, subsequent CDS introduction

always lowers borrowing costs for that speciÞc Þrm. The reason borrowing costs are

lower in covered CDS economies is because credit risk can be separated from funding

needs. Hence, fewer and more optimistic investors insure all credit risk. This holds

true even for theNaked Two CDS Economy. Almost all investors who want to hold

naked CDS can do so onceany naked CDS is allowed to trade. The creation of

additional CDS does nothing in terms of creating new assets for investors to use for

state-contingent consumption, and the resulting impact on total market demand for

naked CDS is minimal. The CDS e!ect of separating funding needs from credit risk

has a greater impact on bond prices than the increase in demand for naked CDS. In

other words, additional CDS will not raise Þrm borrowing cost as long as Arrow-Down

securities are already present in the market.

2.5.2 Investment and Default

Both ÞrmsÕ investment demands are highest in covered CDS economies. The marginal

decision to invest weighs the expected increase in proÞts from higher investment

against the marginal cost of issuing debt,i.e. the promise to repay each bond. Cov-

ered CDS lower borrowing costs, which allows Þrms to increase investment.
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Conversely, each ÞrmsÕ investment falls in naked CDS economies. Investor demand

for naked CDS drives up borrowing costs causing Þrms to scale back their demand

for investment capital. The marginal borrowing cost increase outweighs the marginal

gains in production, causing Þrms to reduce investment and production.

The joint e!ect of CDS on borrowing costs and investment has interesting implications

regarding economy-wide Þrm default risk. Default risk is the likelihood a Þrm cannot

repay its debt obligations whens = D. Firms choose investment to maximize expected

proÞts. Because of limited liability, Þrms are more likely to default on their debt

obligations whenAD is relatively low. This drives investors to charge positive interest

rates on the capital they lend to Þrms, referred to in this case as a default premium.

Covered CDS lower the default premium investors seek because CDS allow the most

optimist investors to price and hold more credit risk. The corresponding investment

levels Þrms choose given the lower default premiums are more likely to result in default

than the investment levels chosen in an economy without covered CDS. The set of

parameters
/
!, A D

0
in covered CDS economies for which each Þrm defaultsexpands

relative to the set of parameters in theNon-CDS Economy.

Figure 9 illustrates the e!ect covered CDS have on default relative to theNon-CDS

Economy. The diagram shows the di!erent possible default regimes. The area labeled

ÒFull Risk RegimeÓ is the set of parameter values for which both Þrms default when

s = D. Similarly, ÒPartial Risk RegimeÓ corresponds to the region where only type

B defaults, and neither Þrm defaults in the ÒRisk Free Regime.Ó The individual cells

outlined and labeled ÒDefault GÓ and ÒDefault BÓ highlight the impact of introducing

covered CDS. For example, relative to theNon-CDS Economy, all of the Default B

cells indicate Þrm B defaulting on its debt obligations once covered CDS are intro-

duced. Likewise, relative to theNon-CDS Economy, all of the Default G cells indicate

Þrm G defaulting on its debt obligations once covered CDS are introduced.
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As previously mentioned, CDS prices are higher in naked CDS economies, which raises

the default premium and borrowing costs. Firms respond by choosing investment

levels that are less likely to result in default. Hence, the set of parameters for which

both Þrms default when naked CDS are introduced shrinks relative to theNon-CDS

Economy.

Figure 10 shows the equilibrium comparing theCovered Two CDS Economyand the

Naked Two CDS Economy. It is the analogue to Figure 9 in that it shows the impact

of introducing naked CDS conditional on covered CDS already existing. We make

this comparison to show the impact on default of banning naked CDS; presumably,

covered CDS would still be allowed. The cells labeled ÒNo Def GÓ indicate that Þrm

type G switches from defaulting on debt obligations in covered CDS economies to

fully repaying when naked CDS are introduced. Similarly, the cells labeled ÒNo Def

BÓ indicate that Þrm type B switches from defaulting on debt obligations in covered

CDS economies to fully repaying when naked CDS are introduced. Banning naked

CDS in our model results in increased Þrm default risk as shown by the highlighted

cells in Figure 10. These results highlight a tradeo! between borrowing costs and

default risk not identiÞed in the existing CDS literature.

2.5.3 Spillovers

Consider Þrst the borrowing cost spillovers in the Covered CDS Economies. Spillovers

occur whenever the introduction of CDS on a speciÞc Þrm type a!ects borrowing costs

for the other unrelated Þrm type. Covered CDS lower borrowing costs even for the

Þrm with no CDS trading. For example, in theType B Covered CDS Economyfrom

Section 3.2 Þrm G borrowing costs are lower due to CDS trading on Þrm B. The

reason is that the derivative asset allows investors to leverage their cash in a way that

buying the underlying bond does not. This results in fewer, more optimistic investors
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holding all of the credit risk associated with the ÞrmÕs debt issuance. More capital

is then free to purchase other assets in the economy relative to an economy without

covered CDS. The resulting marginal investor buying type G bonds is more optimistic

than the counterpart in the Non-CDS Economy, raising type G bond prices. This is

depicted in Figure 11.

Subsequent CDS introduction leads to negative borrowing cost spillovers for the Þrm

with CDS already trading. For example, introducing covered CDS on Type G in the

Type B Covered CDS Economyraises Þrm BÕs borrowing costs. The most intuitive

way to understand the negative ÒadditionalÓ borrowing cost spillover is through the

Arrow security market.

Selling a CDS is equivalent to buying the Arrow-Up security since it provides the

issuer an asset that delivers state-contingent consumption. Investors acquire Arrow-

Up securities by using their cash as collateral to sell CDS, which allows them to

consume the proceeds only when the underlying bond does not defaulti.e. in the

up state. In other words, the price an investor pays for an Arrow-Up security is the

amount of hisown collateral he must post to issue a CDS contract.

Investors realize that selling a CDS on either Þrm typesÕ debt are equivalent avenues

through which to purchase the same state-contingent asset. Therefore, investors are

indi!erent between issuing either CDS as long as they are proportionally priced.

Broadening the CDS market to include both Þrms e!ectively increases the supply of

Arrow-Up securities, which drives down their price. The fall in the price of the Arrow-

Up security is equivalent to a fall in the amount of hisown collateral an investor must

post to issue a CDS. Insurance sellers raise CDS prices relative to theType B Covered

CDS Economyto ensure that all contracts remain fully collateralized. As a result,

investors who hold covered positions are willing to pay less for the bond since its
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insurance price increases. This leads to the following implication:

Result 1 In any covered CDS economy, there is a Þrst mover advantage in bond

pricing that is invariant to the order in which CDS types are introduced.

Let pi be each ÞrmsÕ bond price in theNon-CDS Economy. Let pi
jk , i = { G, B} ,

j = { 1, 2} , k = { c, n} denote bond prices for each Þrm in either a one or two Þrm

covered or naked CDS economy, wherej denotes the number of Þrm types on which

CDS trade, and k denotes the type of CDS trading,i.e. covered or naked. For

examplepg
1c denotes Þrm GÕs bond price in aType G Covered CDS Economywhile

pb
2n denotes Þrm BÕs bond price in theNaked Two CDS Economy.

Result 1 says that in aNon-CDS economywherepi is the price of the Þrst Þrm for

which CDS are introduced andpi is not pi , then the following pricing implications

hold:

pi < p i
2c < p i

1c

and

pi < p i
1c < p i

2c

This implies that in an economy where multiple covered CDS may eventually be

written, borrowing costs for the Þrst mover will increase as subsequent CDS are

introduced. All of the borrowing costs beneÞts that accrue to Þrms from an active

CDS market i.e. separating credit risk from funding needs, go initially to the Þrst

mover. The borrowing cost beneÞts then diminish as CDS are issued on the second

moverÕs debt.

Now consider the borrowing cost spillovers in naked CDS economies. Naked CDS

raise borrowing costs even for the Þrm with no CDS trading. For example, Þrm G
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borrowing costs rise when naked CDS against Þrm B are introduced. Buying a naked

CDS is equivalent to buying the Arrow-Down security, which pessimists demand, since

it pays out only if the Þrm defaults in the down-state. The demand for the derivative

assets pulls natural bond buyers out of the bond market and into the derivative

security market. This leads to a fall in Þrm GÕs bond price. This is illustrated in

Figure 13.

Unlike in covered CDS economies, introducing additional naked CDS leads to positive

borrowing cost spillovers for the Þrst mover. For example, introducing naked CDS

on type G debt in the Type B Naked CDS Economylowers type BÕs borrowing costs.

Pessimists can buy Arrow-Down securities by purchasing naked CDS on either of the

two ÞrmsÕ debt. Therefore, the two naked CDS will be priced in proportion to their

respective pay-outs in the down state. Thus, naked CDS buyers no longer have to

buy Arrow-Down securities using only type B naked CDS. This lowers the CDS price

on type B debt, and leads to an increase in its bond price.

Result 2 In any naked CDS Economy, there is a Þrst mover dis-advantage in bond

pricing that is invariant to the order in which CDS are introduced. Subsequent CDS

introduction raises all bond prices.

pi
1n < p i

2n < p i

Here, both bonds exhibit the same price movement. The Þrst naked CDS that is

introduced lowers bond prices for both Þrms because the CDS allows investors to

pseudo-leverage cash, which induces natural bond buyers to exit debt markets and

enter derivative markets. Subsequent naked CDS raise both ÞrmsÕ bond prices. The

additional CDS alleviate the need to use a particular ÞrmÕs debt as the underlying

reference entity on which to issue credit derivatives. This lowers the price of the CDS
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and raises the bond price.

2.6 Conclusion

This paper highlights the fact that derivative securities can impact real outcomes

even when economy fundamentals remain constant. Credit derivatives in particular

can induce a tradeo! between Þrm borrowing costs and default probability. Lower

default premiums can induce Þrms to invest in a manner that renders them unable

or unwilling to repay creditors in the presence of negative productivity shocks. Al-

ternatively, higher default premiums lead to debt Þnancing that Þrms are more likely

to repay for given productivity shocks.

The introduction of credit derivatives alters the economy-wide value of cash as collat-

eral. The subsequent impact on debt markets depends on whether credit derivatives

and the underlying bonds are asset compliments or substitutes. Bond prices rise when

the only way to purchase a credit derivative is to also own the underlying bond (cov-

ered economies) because the assets are compliments. The cash used to collateralized

CDS becomes a valuable asset, which induces optimistic investors to enter derivative

markets. Moreover, since in covered economies CDS and bonds are compliments, op-

timistic investors implicitly increase the demand for bonds through their demand to

issue CDS. This raises bond prices. Bond prices fall when investors can purchase CDS

without having to own the underlying bond (naked economies). The CDS and bonds

become asset substitutes. CDS prices increase as more cash is used to purchase naked

CDS. This leads to more cash being used as collateral to issue CDS, which ultimately

diverts capital away from bond markets and into derivative security markets. This

decreases the demand for bonds and lowers their prices.
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3 The Long and The Short of Corporate
Debt Maturity: Endogenous
Term-Structure with CDS

3.1 Introduction

Credit derivatives, in particular credit default swaps (CDS), have in recent years

garnered scrupulous attention from a wide audience including but not limited to

academics, central bankers, Þnancial market practitioners, and policy makers. One

can easily peruse news articles and read opinions about the inßuence CDS had in

the Þnancial crisis beget by the collapse of investment banking Þrm Lehman Brothers

in the summer of 2007 and the subsequent bailout of insurance giant AIG.123 More

recently, policy makers in the European Union have banned the use of particular

types of CDS all together (Financial Times, October, 19, 2011). Understanding the

roll that credit derivatives play in Þnancial markets remains a critical goal to ensure

appropriate policies are being utilized when regulating Þnancial markets.

Current research on credit derivatives focuses mainly on how derivative securities af-

fect underlying asset prices, corporate borrowing costs, default likelihood, and rollover

risk (see the literature review below for speciÞc references.) Firms take into account

the e!ects derivative securities have on their borrowing costs and access to capital

when deciding how much debt to issue. None of the current CDS literature consid-

ers, however, the fact that when deciding how much debt to issue, Þrms also choose

among a set of di!erent bonds maturities. Firms typically issue debt through various

maturities. Thus, the natural question to ask is how does the presence of CDS a!ect

the term-structure of Þrm debt?
1ÒThe bet that blew up wall street,Ó CBSD, 60 Minutes, October 26, 2008
2ÒThe $55 trillion question,Ó by Nicholas Varchaver, Fortune Magazine, September 30, 2008.
3Soros, George, ÒOne Way to Stop Bear Raids,Ó (Wall Street Journal, March 24, 2009)
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I show that the impact of CDS on the term structure of Þrm debt depends on the

type of derivative security issued. For example, if all CDS purchasers must own the

underlying bond (i.e. covered CDS), CDS tend to lengthen the average maturity

of Þrm debt. This result is consistent with recent empirical work by Saretto and

Tookes (2013) who show that Þrms with CDS actively trading on their debt tend

to be able to borrow at longer maturities compared to otherwise similar Þrms with

no CDS trading. Conversely, CDS may actually shorten the average maturity of

corporate debt when CDS purchasers do not have to own the underlying bond (i.e.

naked CDS). The mechanism that causes corporate term structure to lengthen in

the presence of covered CDS is the same as the mechanism that causes maturity to

shorten with naked CDS. Both the positive and negative impact that CDS have on

borrowing costs are most concentrated around long term bond issuances. Thus, when

CDS lower borrowing costs, the impact on long term bonds is more pronounced,

causing the Þrm to issue more long term debt. Likewise, borrowing cost increases

beget by CDS introduction are also most pronounced with long term debt, which

induces the Þrm to shift a portion of debt issuance into short term bonds.

A CDS is a bi-lateral contract between a protection seller and a protection buyer.

The protection buyer purchases CDS from the protection seller. The CDS contract

pays the protection buyer nothing if the underlying bond payments are fully honored,

and the CDS seller retains the payment received from the buyer for the issuing the

contract. The CDS contract pays the buyer the di!erence between the face value of

the bond and its current market value for a pre-speciÞed credit event.

How does the introduction of this bi-lateral contract in conjunction with ownership of

the underlying asset a!ect the term structure of corporate debt? To answer this ques-

tion, this paper uses a dynamic three-period general equilibrium model where a Þrm

needs to issue debt (bonds) to raise capital for a long term investment project. Bonds
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are issued to investors with heterogeneous beliefs over the likelihood that bonds repay

in full. The Þrm chooses among bonds with two di!erent debt maturities; a sequence

of one period short term bonds that must be rolled over at an intermediate time in

order to produce, and two-period long term bonds. The fundamentals of the economy

are governed by a technology shock in the Þnal period that is common knowledge to

all agents. Equilibrium is characterized by the mix of bond maturities that trade for

given technology shock realizations. The Þrm issues the mix of bond maturities that

minimizes is expected-weighted borrowing costs. CDS are then introduced depend-

ing on the mix of underlying bond maturities that exist in equilibrium absent the

derivative securitiesÕ existence.

The introduction of CDS has several interesting results. Covered CDS tend to

lengthen average debt maturity when Þrms jointly issue both long and short term

bonds. The reason is that covered CDS on long term bonds lower borrowing costs

for the duration of real investment projects because all borrowing costs are paid at

the time of issuance. Debt Þnancing via short term bonds allows investors to ob-

serve news announcements and adjust borrowing costs accordingly. Borrowing costs

on short term bonds are lower with covered CDS as well, but only after bad news

announcements, which tend to raise borrowing costs. Additionally, the amount of

short term debt the Þrm needs to rollover falls as more capital is raised through long

term bonds, which tends to further reduce the expected borrowing cost on short term

debt. Thus, even though there are CDS traded on both short term and long term

debt, the Þrm actually substitutes away from short term debt in both the mix of

bonds it issues and in the level of short term debt it issues in favor of long term debt.

Consequently, covered CDS help align the maturity of the ÞrmsÕ liabilities with its

assets and reduces any potential maturity mis-match.

Naked CDS tend to shorten average equilibrium bond maturity. Naked CDS raise

45



borrowing cost because capital is reallocated away from debt markets and into the

derivative security market. The beneÞt of issuing long term debt Ð that the Þrm can

insulate itself from higher borrowing costs on short term bonds if intermediate news is

bad Ð is eroded when naked CDS are introduced. The increase in borrowing costs are

realized at the time of issuance and must be paid over the life of the investment project

when the Þrm issues long term bonds. Short term bonds allow investors the possibility

to receive good news and reduce their borrowing costs in subsequent periods. The

Þrm lowers its expected-weighted borrowing costs by substituting a portion of its debt

away from long term bonds into short term bonds. Thus, the average debt maturity

shortens and a potential maturity mis-match problem arrises.

Second, covered CDS have no impact on the average length of debt when investment

is Þnanced through only one maturity structure. This is because covered CDS im-

plicitly increases the demand for the underlying asset when only one debt maturity

trades in equilibrium. The increase in demand for the underlying bond prohibits

bonds with alternative maturity lengths from materializing as an equilibrium source

of Þnancing.

Third, naked CDS destroy equilibrium whenever the Þrm raisesany positive portion

of its capital through short term bonds. The possibility for CDS to trade exists

whenever a debt instrument carries credit risk, otherwise CDS are redundant assets.

Naked CDS raise the borrowing cost for risky short term debt to the point where

it is not proÞtable for the Þrm to rollover short term bonds in order to continue

production. However, CDS are derivative instruments whose value is derived from an

underlying asset. If the supply of the asset dries up, the derivative security cannot

exist, and as soon as CDS do not exist the Þrm chooses to rollover over its short term

debt. Equilibrium ceases to exist due to a dynamic inconsistency problem that has

not yet been identiÞed in the literature.

46



The baseline model without credit derivatives is related to several di!erent strands of

literature. The Þrst of which is the optimal debt maturity structure work in corporate

Þnance. Meyers (1977) seminal paper provides a rationale for why Þrms should try

to match the maturity of existing debt obligations to correspond with the decision to

exercise a real investment option. The reason is thatexisting debt lowers the future

value of the Þrm. As long as debt payments are due before the decision to exercise

investment, all positive net present value opportunities will be exercised. The model

presented in this paper is concerned with how CDS a!ect investment Þnanced via

new debt issuance, in which case the maturity structure of the debt issuance is not

always perfectly aligned with the assetÕs payout. Barnea, Haugen, Senbet (1980) argue

that complex Þnancial instruments including debt contracts with di!erent maturity

structures arise to resolve an agency problem between shareholders and creditors.

Di!erent maturities arise in equilibrium in my model in response to how the market

prices capital based on investor expectations.

A related strand of corporate Þnance literature examines corporate debt structure as

an optimal response to asymmetric information problems over Þrm quality (Flannery

(1986), Kale and Noe (1990), and Diamond (1991)). Flannery (1986) shows that

absent transaction costs, good and bad Þrm types pool only in short term debt.

Equilibrium with multiple debt maturities is possible with transaction costs.

Kale and Noe (1990) extend Flannery (1986) using sequential game theory and for-

mally show that absent transaction costs, only a short term pooling equilibrium sur-

vives the equilibrium selection. They then show that when the value of good Þrm

cash ßows are positively correlated over time, one can obtain the same separating

equilibrium as Flannery (1986) where the good type issues short term debt and the

bad type issues long term debt.
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Diamond (1991) relates the choice of debt maturity to the risk of forced liquidation.4

He shows that high rated Þrms prefer short term funding absent liquidation because it

lowers Þrm expected Þnancing cost. Conditions are then given to describe an optimal

mix of both short and long term debt, which is ultimately based on the probability a

good Þrm is downgraded.

One of the main di!erences between my model and the optimal debt maturity liter-

ature is that investment is endogenous in this paper, where the aforementioned work

takes investment to be exogenously Þxed.

The second closely related strand of literature examines the economic impact of CDS

on a variety of Þrm Þnancing and capital market outcomes. The model proposed here

is an extension of Darst and Refayet (2014a) who show that CDS create borrowing

cost spillovers, as well as induce a trade o! between borrowing costs and default risk

with heterogeneous Þrms. I consider only a representative Þrm, but model investment

as an optimal capital allocation problem across assets of di!erent maturities. This

allows me to analyze how CDS a!ect the term structure allocation problem in addition

to investment and borrowing costs. Refayet (2014) shows that under asymmetric

information, asset debt capacity is endogenous to the introduction of di!erent types

of CDS. He also shows that CDS can completely ßip the incentive compatibility of

contracts under asymmetric information. Fostel and Geanakoplos (2012a) and Che

and Sethi (2014) show that CDS a!ect asset prices by altering the allocation of capital

away from bond markets and into CDS markets. Du!ee and Zhou (2001) suggest that

CDS help banks over come the ÒlemonsÓ problem in the loan sale market. Bolton and

Oehmke (2011) and Gi (2014) argue that CDS strengthen theex ante commitment

of Þrms to repay their debt obligations. The former also show that CDS give rise to

4All borrowers prefer the maturity choice good Þrm types choose because selecting a di!erent
maturity reveals a lower quality Þrm, and funding would cease for those Þrms.
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empty creditors and can force Þrms into ine"cient liquidation. Parlour and Winton

(2013) show that CDS could lead to insu"cient monitoring and raise default risk.

Thirdly, the implications that CDS have on the existence of equilibrium are related

to Polemarchakis and Ku (1990), who show a robust non-existence example in a

general equilibrium model with Þnancial derivatives. Fostel and Geanakoplos (2014)

show that credit derivatives can robustly destroy funding in a model with production

despite collateralized borrowing. Che and Sethi (2010) encounter the non-existence

problem Fostel and Geanokoplos (2014) prove and avoid it by assuming a retail in-

vestors will purchase bonds. The assumption that the demand for corporate debt is

always met is not su"cient to ensure equilibrium in my model due to the dynamic

structure of debt Þnancing. As I show, the Þxed point problem identiÞed in Fostel

and Geanokoplos (2014) is extremely robust in a dynamic debt Þnancing setting when

Þrms issue short-term debt. Du!ee and Zhou (2001) show that credit derivatives can

cause the market for secondary bank loan sales to break down.

Fourth, the modelÕs results relate to literature on Þrm capital structure and manage-

rial beliefs. Jung and Subramanian (2014) show in a dynamic setting that hetero-

geneous beliefs between managers and investors leads to more optimistic managers

issuing less long-term debt. Their model relies on an agency problem whereby more

optimistic managers assign more weight to their private beneÞt relative to the mar-

ketÕs valuation of their equity stake. More optimistic managers issue less long-term

debt so as to avoid loosing their private beneÞt due to potential bankruptcy. The

Þrm manager in my model issues a smaller portion of long-term debt as the likelihood

of full debt repayment increases because the manager does not need to insulate the

Þrm from news announcements. Landier and Thesmar (2008) and Graham et. al

(2013) show that, controlling for Þrm risk factors and other determinants of short-
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term leverage, higher managerial optimism leads to more short-term debt issuance,

which is consistent with my modelÕs equilibrium capital structure outcome for good

new outcomes as well.

Lastly, the model is the Þrst to o!er an in-depth explanation of the empirical results

on CDS and debt-maturity found by Saretto and Tookes (2013). The authors show

that the introduction of credit derivatives allows Þrms with active CDS trading on

their debt to issue bonds on longer debt-maturities relative to otherwise similar Þrms

with no active CDS contracts trading. Oehmke and Zawadowski (2014) have an

interpretation of this result based on liquidity needs and di!erences in corporate

bond and CDS trading costs. The purpose of their model, however, is not to explain

how CDS alter corporate equilibrium term-structure.

The organization of the paper is as follows: section 2 introduces the model without

CDS and characterizes equilibrium by bonds of di!erent debt maturities. Section 3

introduces CDS in which investor must also own the underlying bond (covered CDS

economies) and analyzes the impact of the ÞrmÕs average debt maturity. Section 4

allows investors to purchase CDS without the restriction that they must also own

the underlying bond. Section 5 provides concluding thoughts. Appendix B contains

characterizations of equilibrium that are not considered in the main body of Sections

2, 3, and 4.
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3.2 Non CDS Economy

3.2.1 Model

3.2.1.1 Time and Uncertainty

The model is a three-period general equilibrium model with timet = { 0, 1, 2} . Un-

certainty is represented by a tree of state eventss $ S with root s0, intermediate

statess $ S that take values { U, D} , and a set of terminal nodes denoted

ST = { UU, UD, DU, UU} + S. Thus, the complete state-tree has elements set

S = { U, D, UU, UD, DU, DD } . Furthermore, each states ,= s0 as a unique predeces-

sor denoteds#. The timing of intermediate state realizationU is denotedt(U) = 1

and terminal state UU as t(UU) = 2. I take a state realization U to be up or a

ÒgoodÓ state andD to be down or a ÒbadÓ state.

The stochastic structure of the model follows Fostel and Geanokoplos (2008 & 2012b)

where bad news increases the volatility of debt repayment in the following say: The

economy receives a technology shock at time 2,As, s $ ST . The value of the tech-

nology shock received at time 2 is conditional on the information revealed at time

1. We assume that good news at time 1,s = U , always results in a good time 2

technology shock, whose value is normalize to 1:As = 1, s ,= DD . Bad news at time

1, s = D, however, raises the volatility of the technology shock at time 2. SpeciÞcally,

the technology shock is good at terminal nodes = DU, and bad at terminal node

s = DD , where the technology shockADD < 1. The technology process assumed here

is meant to keep the model as simple as possible while retaining enough uncertainty

to study the impact of credit derivatives on the term structure of Þrm debt. Figure

15 depicts the economyÕs state tree.
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3.2.1.2 Debt Contracts

There is a single durable consumption good available in the economy at time 0, which

is the numeraire and treated as cash. There are two bonds types, each with di!erent

maturity. There are bonds that mature after one period called short term bonds and

bonds that mature after two periods called long term bonds. The distinction between

short and long term bonds is whether or not debt payments come due before cash

ßows are realized, not speciÞc calendar dates. We assume all bonds are zero coupon

bonds. Let the quantity of bonds issued at any state and time beqs, s $ S/sT . Long

term bonds can only be issued att = 0 and are denotedq%
0. Short term bonds may

be issued at timet = 0, 1. Short term bonds issue at time 0 are given byq&
0 and short

term bonds issued at time 1 are given byq&
s, s = U, D.

3.2.1.3 Agents

Firm

There is a single Þrm owned and operated by a manager with access to a long term

decreasing returns to scale production technology that produces output at time 2.

The production function is denoted byf (I 0) = AsI !
0 , # < 1, s $ ST , where I 0 is

the amount of capital the manager puts into production. I assume the Þrm has no

internal cash ßow at time 0 or 1. Thus, the manager must issue bonds at time 0

q%
0 and/or q&

0 to begin production. The manager must choose among two maturity

structures to Þnance his project: 1) issue long term bonds that mature at time 2,

and/or 2) issue a sequence of one-period, short term bonds. Because the Þrm does

not have internal cash ßow at time 1, new short term bondsq&
s, s = U, D must be

issued at time 1 to repay time 0 short term debt. I assume capital raised at time 1

can only go towards repaying short term debt. Lastly, I assume the Þrm defaults on
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short term bonds issued at time 0 if it does not procure Þnancing at time 1.

I restrict the analysis to debt issuance and do not allow for equity issuance. This

allows me to focus the analysis on the impact of CDS to the term-structure of debt

issuance. Incorporating equity is a natural extension to the model.

Investors

There exists at time 0 a continuum of uniformly distributed investors with unit mass,

h0 $ H0 % U [0, 1], each of which is endowed with a unit of the durable consumption

good eh0 . The uniform distribution allows one to rank investors according to the

likelihood, h0, each places on the subsequent state being good. Investors are risk-

neutral, expected utility maximizers over the consumption good at time 2, and do

not discount the future. Each investor also has access to a storage technology that

allows the durable consumption good to be risklessly stored across all time periods.

Letting hs, s $ ST denote the product of all h along the path from 0 to sT , the

von-Neumann-Morgenstern preferences for time 0 investors are given by:

Uh0 (xUU, xUD , xDU , xDD ) =
7

s! ST

hsxs (3.1)

The set of investors at time 0 have a one-time opportunity to buy bonds. This

assumption is to simplify the analysis; otherwise, one would have to keep track of

di!erent portfolio values across time periods.

Furthermore, I assume that an additional continuum of investors arrive at time 1.

These investors are also endowed with one unit of the durable consumption good

eh1 that they can risklessly store until time 2. Time 1 investors are also risk-neutral

expected utility maximizers for the consumption good at time 2 and do not discount

the future. They can either hold cash or buy short term bonds issued at time 1
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q&
s, s = U, D. Time 1 investors will not be able to purchase long term bonds because

all long term bonds are issued at time 0. Lastly, the two continua of investors are

completely segmented from one another, meaning there is no communication between

them and no opportunity to trade with one another.5 The von-Neumann-Morgenstern

preferences for time 1 investors are given by:

Uh1 (xUU, xUD , xDU , xDD ) =
1

s! ST

hsxs (3.2)

I assume two sets of investors at di!erent time periods in order to keep the model as

simple and tractable as possible. An inÞnitely lived set of investors requires keeping

tract of their portfolio values through time. Short term debt ÒrepaymentÓ at time 1

becomes an accounting exercise. We believe this is the simplest way to drive home

the key points of the tradeo! between choosing to issue short term versus long term

debt. Moreover, the paperÕs ultimate focus is on the e!ects of CDS on the primarily

issuance portion of the corporate bond market, not the e!ects on the secondary bond

market.

Neither the assumption of a uniform distribution of beliefs nor risk-neutrality are

essential to drive home the key points of the paper; they are done for tractability.

The qualitative results will hold as long as the distribution of investor beliefs is

continuous and monotonic inht , t = 0, 1. Additionally, equilibrium cab be preserved

with risk-averse preferences, common beliefs and state contingent endowments.

5While this assumption focuses the analysis only on primary issuance debt, the impact of CDS
on the secondary corporate bond market is an important topic in its own right.
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3.2.1.4 Debt Repayment

The Þrm can issue either a sequence of short term bondsq&
s, s $ S/St or long

term bonds q%
0. The repayment functions of each debt type are naturally di!er-

ent. I describe the repayment function of short term bonds Þrst followed long term

bonds.

Short-term Debt

Short term bonds are one-period zero-coupon bonds, with face value normalized to

1. Bonds issued at time 0 are repaid using capital raised at time 1. The key feature

of short term debt in the model is that the initial debt issuance matures before the

investment project produces cash ßow. Thus, the maturity structure of short term

liabilities do not necessarily match the cash ßow structure of the productive asset.

Let (1 # %) be the portion of capital raised at time 0 issuing short term bonds (%thus

is the portion of capital raised via long term debt).

Time 0 creditors who hold short-term debt have the control rights to force liquidation

of assets if they are not fully repaid at time 1 (Diamond 1992 and Bergl¬of and von

Thadden 1994). We assume the liquidation value of the Þrm is the ÒoutsideÓ value

to creditors whereas the value of production seen through to time 2 is the ÒinsideÓ

value to the manager. This assumption can be justiÞed via many di!erent avenues.

Liquidation could be costly to investors because of costly state veriÞcation or due to

incurring legal fees to settle debts in bankruptcy. Alternatively, creditors may be ill

suited to operate the ÞrmÕs production process, thus they are only able to capture a

portion of the initial value of the investment.

Let the liquidation value of the Þrm be a portion of the initial capital put into pro-

duction, &I0 where& < 1. Hence, time 0 debt is collateralized by the outside recovery
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value to time 0 creditors in the event of liquidation. This collateral serves as enforce-

ment to repay debt obligations at time 1.

Assume for simplicity that the Þrm concurrently defaults on both short and long term

bonds in the same states at time 2, and concurrently repays both short and long term

bonds in the same states at time 2. This implies no creditors hold either senior or

subordinated debt.

Given time 0 bond pricesp&
0 the Þrm issuesq&

0 one-period bonds. The Þrm owesq&
0

upon maturity at time 1. Let ds (q&
0) , s = U, D describe bond repayment for short

term bonds issued at time 0 and deliver repayment at time 1. Time 0 short term

bonds repay in full at s = U so that dU (q&
0) = 1. Time 0 short term bonds repay

in full at s = D when I !
0 (1 # %! ) ( q&

D , i.e. when the additional output generated

by producing with short term debt capital exceeds the cost of rolling over short term

debt. Hence the delivery will beds (q&
0) = 1. 6 Time 0 short term bonds default when

I !
0 (1 # %! ) < q&

D , and the bonds repaydD (q&
0) = ' (1" ( )I 0

q"
0

when the Þrm liquidates the

portion of its assets raised via short term bonds. The outside value of the liquidated

assets that repays short term creditors is proportional to&which is the outside value

to creditors when taking over the ÞrmÕs assets. Given short term bond pricing at time

1 denotedp&
s, s = U, D the Þrm issuesq&

s one-period bonds to re-pay the debt issued

at time 0. Short term bonds issued at time 1 repayds (q&
U) = 1 , s = UU, UD when

intermediate news is good. Furthermore,dDU (q&
D ) = 1 so that any good news results

in full short term bond repayment. Conversely,dDD (q&
D ) = min

!
1, A DD (1" ( )I !

0
q"

D

"
when

news is bad for two consecutive periods. The sequence of short term bond payouts is

depicted in Figure 16.

Long-term Debt
6This implies that absent liquidation, all time 0 short term bonds are risk free. This is the same

assumption used in Flannery (1986).

56



Long term zero-coupon bonds are issued at time 0 maturing at time 2. Given market

prices for long term debtp%
0, the Þrm issuesq%

0 long term bonds whose face value

we normalize to one. Long term debt issued at time 0 is collateralized by future,

contingent time 2 output. The lenders have the right to seize as much of the collateral

up to the value of the promise, but no more. The collateral, just as with short term

Þnancing, serves as a repayment mechanism at time 2. Long term bonds repay in

full whenever the path to the terminal state contains a period of good news. Thus,

ds
/
q%

0

0
= 1, s ,= DD . Long term debt repaysds

/
q%

0

0
= min

!
1, A s (I !

0
q#

0

"
, s = DD if no

assets are liquidated to repay short term creditors. Lastly, long term bonds repay

ds
/
q%

0

0
= min

!
1, A s ((I 0)!

q#
0

"
, s = DD when the Þrm liquidates the portion of its capital

raised via short term bonds due at time 1. Figure 17 depicts the long-term bond

payout.

3.2.1.5 Firm Maximization Problem

The Þrm chooses an initial investment amountI 0 and debt maturity structure %at

time 0 to maximize expected proÞts denotedE0 [" ] = #. Recall that %denotes the

portion of investment capital that is raised by issuing long term bondsq%
0. The Þrm

weighs the relative borrowing costs in expectations between the two bond maturities

against its marginal product of capital when determining the term structure of its

debt. Lastly, let ! denote the probability the Þrm places on good news arriving in
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the following period. Formally, the Þrm maximizes the following problem7

#
$$$$$$$$$$%

$$$$$$$$$$&

max
I 0,(

8
=

9
7

s! ST
! s max

(
AsI !

0 # qsds
/
q%

0

0
# qsds (q&

s" ) , As (%I0)! # qsds
/
q%

0

0)
:

s.t. I 0 = p%
0q%

0 + p&
0q&

0

p&
sq

&
s = q&

0, s = U, D

0 * %= p#
0q#

0
I 0

* 1

(3.3)

where ! denotes the product of all! along the path from 0 to s $ ST . At time 1,

in either state s = { U, D} , the Þrm must decide whether it is beneÞcial to roll-over

the short term componentq&
0 of its debt portfolio. It can either fully repay time

0 short term bond holders by raisingp&
sq

&
s, s = U, D at time 1, for which it pays

qsds (q&
s" ) , s $ ST on maturity at time 2, or it can liquidate the portion of its assets

raised via short term debt at time 0. The Þrm ultimately owesqsds
/
q%

0

0
+ qsds (q&

s" ) at

time 2 when all short term debt is re-Þnanced. When short term assets are liquidated

at time 1, the Þrm continues production using only the capital raised via long term

debt at time 0 given by%I0, thus owing qsds
/
q%

0

0
on maturity.

The maximization problem is subject to the following constraints: The amount of

capital the Þrm can use for production has to be raised by issuing bonds at time

0. Conditional on rolling over short term debt at time 1, the Þrm issues new short

term debt in the amount p&
sq

&
s, s = U, D to fully repay its time 0 debt obligations

q&
0. Note that when the Þrm can credibly commit to rolling over short term debt,

all time 0 short term Þnancing will be risk free.8 Lastly, the portion of the ÞrmÕs

investment that is raised through long term bonds%is naturally bound between zero

and one.
7The probability the Þrm believes that s2 = UU is given by " 2 , s2 = UD is given by " (1 # " ),

s2 = DU is given by (1# " ) " , and Þnally s2 = DD by (1 # " )2.
8Flannery (1986) and Diamond (1991) use the same risk-free assumption on short term debt.
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3.2.1.6 Investor Maximization Problem

We can now characterize each investorsÕ budget set. We begin with investors at time

0 and then move on to time 1 investors.

Given time 0 bond prices
/
p%

0, p&
0

0
, each time 0 investorh0 $ H0 chooses cash holdings

'
xh0

0

*
, bond holdings

.
q%,h0

0 , q&,h0
0

4
and Þnal period consumption decisions

'
xh0

s

*
to

maximize utility given by (3.1) subject to the budget set deÞned by:

B h0
/
p%

0, p&
0

0
=

. /
x0, q%

0, q&
0, xs

0
h0! H 0

$ R+ ' R+ ' R+ :

xh0
0 + p%

0q%,h0
0 + p&

0q&,h0
0 = eh0 ,

xh0
s = xh0

0 + ds
/
q%

0

0
+ ds" (q&

0) , s $ ST

4
.

Each investor uses their cash to purchase either type of bond at time 0. All cash that

is not used to purchase bonds is carried forward for consumption. All Þnal period

consumption comes from initial bond purchases and cash holdings.

Given short term bond pricesp&
s, s = U, D at time 1, each time 1 investorhs $ H1

chooses cash holdings
'

xh1
s

*
, bond holdings

'
q&,h1

s

*
, and Þnal period consumption

decisions
'

xh0
s

*
, s $ ST to maximize utility given by (3.2) subject to the following

budget set:

B h1 (p&
s" ) =

.
(xs" , q&

s" , xs)h1! H 1
$ R+ ' R+ ' R+ :

xh1
s" + p&

s" q&
s" = eh1 ,

xh1
s = xh1

s" + ds (q&
s" ) , s $ ST

4
.

As with time 0 investors, each time 1 investor uses their cash to purchase bonds or

stores it for Þnal period consumption. Total Þnal period consumption is the sum of
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cash stored at time 1 and bond deliveries at time 2.

3.2.1.7 Equilibrium

An equilibrium in the Non-CDS Economyis a collection of bond prices, Þrm invest-

ment decision, investor cash holdings, bond holdings, and Þnal consumption deci-

sions

; /
p%

0, p&
0, p&

s"

0
, I,

/
x0, q%

0, q&
0, xs

0
h0! H 0

(x1, q&
s" , xs)h1! H 1

<
$

(R+ ' R+ ' R+ ) ' R+ ' (R+ ' R+ ' R+ ' R+ ) ' (R+ ' R+ ' R+ )

such that the following are satisÞed:

1.
ö 1

0
xh0

0 dh0 + p%
0

ö 1

0
q%,h0

0 dh0 + p&
0

ö 1

0
q&,h0

0 =
ö 1

0
eh0 dh0

2.
ö 1

0
xh1

s" dh1 + p&
s"

ö 1

0
q&,h1

s" dh1 =
ö 1

0
eh1 dh1

3.f s (I 0) = " s + qs" ds
/
q%

0

0
+ qs" ds (q&

s" )

4.I 0 = p%
0

ö
q%,h0

0 dh0 + p&
0

ö
q&,h0

0 dh0

5.p&
s"

ö 1

0
q&,h1

s" dh1= q&
0

6." (I 0, %) ( " ( öI 0, %), " öI 0 ( 0 and 0* ö%* 1

7.
;

xh0
0 , q%,h0

0 , q&,h0
0 , xh0

s

<
$ B h0

/
p%

0, p&
0, p&

s"

0
) Uh0 (x) * Uh0

/
xh0

0
, " h0

8.
;

xh1
s" , q&,h1

s" , xh1
s

<
$ B h1 (p&

s) ) Uh1 (x) * Uh1
/
xh1

0
, " h1

s $ ST

Conditions (1) and (2) state that all investor cash endowment at time 0 and time 1

respectively, is used for consumption or bond purchases. The time 2 goods market

clearing condition states that all Þrm output goes toward repaying bond debt and
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Þrm proÞts as shown by condition (3). Condition (4) states that all of the capital

raised by issuing both short and long term bonds at time 0 is used as input in Þnal

goods production. Condition (5) says all capital raised at time 1 is used to fully repay

time 0 short term creditors. Condition (6) states that the Þrm chooses investment

to maximize proÞts, while conditions (7) and (8) state that investors at time 0 and

1 choose portfolios of bonds and cash holdings to maximize their respective utilities

within their respective budget sets.

To Þnd an equilibrium in this model we Þrst guess a particular regime and check to see

if it is optimal. This entails determining whether or not the ÞrmÕs capital structure

consists of debt raised through both long and short term bonds, only long term

bonds, or only short term bonds. Furthermore, if there is any short term debt issued

in equilibrium it must be determined whether it is optimal to rollover at time 1 or to

liquidate short term assets. It is important to completely characterize equilibrium for

the entire parameter space because it ultimately determines what type of CDS may

exist in the following sections. CDS are derivative securities whose value is derived

from an underlying asset. This implies that CDS cannot exist on an asset that does

not exist. Thus, the introduction of CDS on a particular type of asset cannot, in

equilibrium, destroy the underlying assetÕs existence. The mapping to an economy

with CDS depends crucially on the types of assets available in the baseline economy

from which CDS ultimately derive their value. The system of equations used to solve

for each of the possibilities depends crucially on the value of%- the portion of capital

raised by issuing long term bonds.

Equilibrium is ultimately characterized by three di!erent funding regimes:

1. The Þrm issues a portfolio of short and long term bonds and rolls-over short

term debt at time 1
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2. The Þrm issues only short term debt, which it rolls-over at time 1

3. The Þrm issues only long term debt.

These regimes are shown in Figure 18. We consider each of the above cases in the

following Results section.

3.2.2 Results

The natural question at this point is: What is the trade-o! facing the Þrm when

deciding whether to issue long term or short term bonds? Raising debt by issuing

long term bonds allows the Þrm to insulate itself from bad news that may arise at

time 1. The beneÞt of insulating its production from bad news comes at the cost of

higher borrowing costs at time 0. Short term bonds allows the Þrm to potentially

borrow at lower or even risk-free interest rates. This is because good news at time 1

always results in a good technology shock in the Þnal period, which assures time 1

investors of full repayment at time 2. Hence short term borrowing is risk free at time

1. On the other hand, short term borrowing at time 1 entails higher borrowing costs

than long term borrowing if bad news arises because the probability any investor

places on a bad technology shock at time 2 is higher whens = D than at s0.9

The ÞrmÕs optimal equilibrium capital structure minimizes the expected marginal per-

unit borrowing cost or default premium the Þrm must pay to issue bonds. Consider

Þrst the default premium when only long term bonds are issued. The Þrm defaults

whens = DD and repays in full fors ,= DD . Thus, the Þrm only forms expectations

over states governed by default (1# ! )2 and non-default
/
1 # (1 # ! )20

. Since the

Þrm walks away with no proceeds when it defaults, its marginal investment decision

9The reason is that the probability any investor places on the subsequent state being bad is given
by 0 * (1 # hm ) * 1. At time 0, the probability an investor places on two consecutive bad states is
therefore (1# hm )2 < (1 # hm ).
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is irrespective of its expectation. Thus, the expected default premium on long term

bonds is simply its borrowing cost
/
1 # p%

0

0
.

The expected default premium on short term bonds is the result of the temporal

capital allocation problem, which issuing exclusively long term debt avoids. The

expected borrowing cost of short term debt issued at time 1 is (1# ! ) (1 # p&
D )10.

Thus all short term debt issued at time 0 considers the fact that with probability

(1 # ! ) bad news arrives at time 1 and borrowing costs will rise from the risk free

levels at which short debt is issued at time 0.

The Þnal default premium the Þrm considers in that which it expects to pay on

a portfolio of long and short term debt bonds. Simply put, the expected default

premium is the weighted sum of the two individual default premia:%
/
1 # p%

0

0
+

(1 # %) (1 # ! ) (1 # p&
D )11. Finally, note of course that bond pricing changes when the

Þrm issues both long and short term bonds jointly versus when it issues only long

term or only short term bonds.

Portfolio

The Þrm always prefers to issue a portfolio of long and short term bonds when it

can credibly commit to full rollover. A portfolio of the two debt maturities allows

the Þrm to issue debt to investors not only at time 0, but also at time 1 as shown in

Figure 19. Raising capital by issuing both long and short term bonds allows the Þrm

to take advantage of relatively low interest rates on long term debt, thus reducing

the amount of short term debt issued at time 0 that needs to be roll over at time 1

subject to potentially higher interest rates. The only way to receive funding at time

10The default premium on short term bonds issued at time 0 is zero because all debt is rolled over
and risk free.

11The Þrm commits to roll over short term debt at time 1. Hence time 0 short term borrowing is
risk free
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1 is to issue and roll over time 0 short term bonds. The Þrm cannot raise capital from

these investors if it issues only long term bonds or does not rollover its time 0 short

term bonds.

Equilibrium for which the Þrm issues a portfolio of long and short term bonds is

characterized by the following parameters:# = 0.8, & = 0.7, ! = 0.5, ADD = 0.5.

The results do not depend on this particular parameterizationper se. There is some

leeway in choosing parameters for each of the particular term structure regimes. A

particular point is chosen to illustrate the comparative static results on the ÞrmÕs

optimal term structure %in subsequent sections as CDS are introduced.

In equilibrium, as a result of linear utilities and the continuity of utility in h, and

the connectedness of the set of agentsH = (0 , 1) , at initial node s0 there will be a

marginal buyer, h0. Every agent h > h 0 will buy long term bonds and every agent

h < h 0 will hold a portfolio of cash and short term bonds because short term bonds

are risk free with full rollover at s = { U, D} .12 Additionally, since there is rollover

in equilibrium, at s = D there will be marginal buyer hD . All investors h > h D will

purchase short term bonds at time 1, and all agentsh < h D will remain in cash. This

regime is shown in Figure 19.

Table 3.1 shows the results for the baseline economy without CDS when the Þrm

issues both short and long term debt. Note that the Þrm raises roughly 65 percent

of its capital through long term bonds. Though we are ultimately interested in how

CDS a!ect this capital allocation, the fact that the Þrm issues short term debt absent

any asymmetric information problem is something the existing literature is lacking.

Market incompleteness alone in this model generates the simultaneous existence of

short and long term debt contracts.
12All investors h < h 0 hold 13.42 percent of their portfolio in short term bonds and the remainder

in cash.
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Note that a portfolio of both short term and long term bond maturities is endoge-

nously issued in the general equilibrium setting with perfect information. This is

di!ers from the partial-equilibrium optimal risky debt work of Flannery (1986), Kale

and Noe (1990), and Diamond (1991). In these models, asymmetric information about

Þrm types leads to separating equilibria in which the Þrm types separate by issuing

either short term or long term debt. In this model, both the Þrm and investors have

the same information regarding the value of the aggregate technology shock and Þrm

productivity. Issuing bonds to investors across time lowers the expected-weighted

average cost of capital because it spreads Þnancing risk across investors who are most

willing to pay the highest prices.

The beneÞt of this modeling strategy is that one can study the impact of CDS on

the ÞrmÕs average maturity in a very simple manner. An alternative model with

asymmetric information and multiple Þrms such as those cited above may allow for

the introduction of CDS, but solving for equilibrium becomes much more cumbersome.

The last thing to note is the Þrm cannot credibly commit to full roll over at time 1 for

the entire parameter space. Figure 18 shows the parameters for which a portfolio of

both debt maturities are issued versus only long term and only short term bonds.

The reason the Þrm does not credibly commit to full rollover is easiest seen by ex-

amining the rollover decision rule given byI !
0 (1 # %! ) ( q&

D . Rewriting this as

I !
0 (1 # %! ) ( q"

0
p"

D
we see that the additional output generated by short term capi-

tal that is rollover over at time 1, I !
0 (1 # %! ) , must be at least as large as the debt

obligations owed to time 0 creditors in states for which borrowing costs at time 1

increase, q"
0

p"
D

. Honoring this debt obligation is most di"cult as p&
D decreases. The

lower is the technology shockADD the lower is p&
D because small technology shocks

reduce the amount investors can recover in the event of bond default. The resulting

equilibrium is one in which the Þrm must issue either exclusively short term bonds
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Table 3.1: Portfolio Results

(ADD , ! )=( .5, .5)
p&

0 p&
D p%

0 q&
0 q&

D q%
0 I 0 % E[" ]

1 .9577 .9855 .1078 .1126 .1997 .3046 .6460 .0579

or long term bonds when agents expect su"ciently low technology shocks. These two

equilibrium possibilities are discuss in the respective subheadings below.

The remainder of the section describes how to solve for the equilibrium in theNon-

CDS Economywhen the Þrm issues a portfolio of bonds. Readers not interested in

the technical details may move on to the Long and Short term portions of the Results

section.

The ten endogenous variables are
/
p&

0, p%
0, p&

D , q&
0, q%

0, q&
D , I 0, %, h0, hD

0
. The system of

equations is:

p&
0 = 1 (3.4)

1 =
1 # (1 # h0)2 + (1 # h0)2dDD

/
q%

0

0

p%
0

(3.5)

1 =
hD + (1 # hD ) dDD (q&

D )
p&

D
(3.6)

I 0 = p%
0q%

0 + p&
0q&

0 (3.7)

!
p&

0
+

! (1 # ! )
p&

D p&
0

=
1 # (1 # ! )2

p%
0

(3.8)

#I ! " 1
0

(
1 # (1 # ! )2)

=
%

(
1 # (1 # ! )2)

p%
0

+
(1 # %)

p&
0

=
! +

! (1 # ! )
p&

D

>
(3.9)

%=
p%

0q%
0

I 0
(3.10)

q&
0 = p&

sq
&
s (3.11)

1 # h0 = p%
0q%

0 (3.12)

1 # hD = p&
D q&

D (3.13)
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The Þrst three equations are bond pricing equations. Equation (3.4) shows that short

term bonds issued at time 0 are risk free because all short term debt is rolled over

at time 1. Equation (3.5) states that long term bonds are priced based on the time

0 marginal investorÕs expectations because he is indi!erent between buying the bond

and holding a cash equivalent asset. Similarly, equation (3.6) states that time 1 short

term bonds are priced based on the time 1 marginal investorÕs expectations because

cash is the only other alternative asset.

Equation (3.7) says that the amount of capital the Þrm raises in the bond market is

equal to the investment it puts into its production technology. Equations (3.8) and

(3.9) are the Þrst order conditionsw.r.t. the portfolio allocation %and investment

level I 0, respectively. A necessary condition for the Þrm to issue a portfolio of both

long and short term bonds is that on the margin the expected cost of issuing either

type of bond must be the same. The left hand side of (3.9) is the expected marginal

product of capital irrespective of whether or not it is issued via long term or short

term bonds. The right hand side is the expected-weighted marginal cost of capital.

Equation (3.10) sets%equal to the portion of the ÞrmÕs investment that is raised via

long term debt. Equation (3.11) shows that the Þrm will issue as many short term

bonds at time 1 as it takes to fully repay its time 0 short term creditors. Equations

(3.12) and (3.13) are, respectively, the long term and time 1 short term bond market

clearing conditions.

Short Term Funding

Equilibrium is characterized by only short term debt at times 0 and 1 when the Þrm

is relatively optimistic about good news at time 1. This result is intuitive because

the Þrm does not need to issue long term bonds at higher interest rates to insulate

itself from news arriving at time 1when it expects the news to be good. In fact, it
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is better o! structuring its debt maturity to take advantage of its expectations by

issuing only short term debt.

The Þrm is likely to issue at least some short term debt for a given level of optimism

as the value of the technology shock increases. The reason is that investors price time

1 short term bonds on increasingly better terms asADD increases so that the Þrm

can borrow short term for two consecutive periods at low interest rates.

The following parameters are chosen to characterize equilibrium when the Þrm issues

only short term bonds. # = 0.8, &= 0.7, ! = 0.8, ADD = 0.2. The qualitative results

do not depend on this particular parameterization.

In equilibrium, as a result of linear utilities and the continuity of utility in h, and the

connectedness of the set of agentsH = (0 , 1) , at state s0 all investors h will hold a

portfolio of cash and short term bonds because short term bonds are risk free with

complete rollover ats = { U, D} .13 Additionally, since there is rollover in equilibrium,

at s = D there will be marginal buyer hD . All investors h > h D will purchase short

term bonds at time 1, and all agentsh < h D will remain in cash. This regime is

shown in Figure 20.

Table (3.2) shows the modelÕs results when the Þrm only issues short term bonds

i.e. %= 0. Appendix B 4.7 shows the system of equations used to solve for the Þve

endogenous variables (p&
0, p&

D , q&
0, q&

D , I 0).

Lastly, the Þrm cannot honor time 0 short term bond payments in full for all param-

eters, in which case creditors will liquidate assets and no Þnal output is produced.

Thus, for parameters regions in which the Þrm cannot honor its debt obligations, the

only funding option available to the Þrm will be through long term bonds.
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Table 3.2: Short Term Results

(ADD , ! )=( .2, .8)
p&

0 p&
D q&

0 q&
D I 0 % E[" ]

1 .8223 .2746 .3339 .2746 0 .0683

Long Term Funding

The previous section highlighted the fact that the Þrm will not issue short term bonds

for low values ofADD and will not want to issue short term bonds when it believes

time 1 news will be badÐlow! . For these parameter regions the Þrm issues long

term debt. Long term debt allows the Þrm to insulate itself from borrowing at even

higher interest rates when time 1 news is bads = D. The Þrm is more likely to issue

exclusively short term debt as it becomes more optimistic because it does not view

s = D as a likely event.

The following parameters are chosen to characterize equilibrium when the only fund-

ing available is through long term bonds.# = 0.8, &= 0.7, 5, ! = 0.5, ADD = 0.2. As

before, the qualitative results do not depend on this particular parameterization.

In equilibrium, as a result of linear utilities and the continuity of utility in h, and the

connectedness of the set of agentsH = (0 , 1) , at state s0 there will be a marginal

buyerh0. All agents h > h 0 will purchase long term bonds, and all agentsh < h 0 will

hold cash. This regime is shown in Figure 21.

Table 3.3 shows the modelÕs results when only long term bonds are issued. Appendix

B 4.7 shows the system of equations used to solve for the four endogenous variables
/
p%

0, q%
0, h0, I 0

0
.

13All investors hold 27.46 percent of their portfolio in short term bonds and the remainder in cash.
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Table 3.3: Long Term Results

(ADD , ! )=( .2, .5)
p%

0 q%
0 I 0 % E[" ]

.9512 .2682 .2551 1 .0503

3.3 Covered CDS Economy

In this section credit default swaps (CDS) are incorporated to the baseline model to

analyze their impact on debt maturity. Whether CDS incentivize more long versus

short term debt depends on how the credit derivative e!ects the di!erent bondsÕ rel-

ative default premia. Recent research suggest that whether or not CDS purchasers

must own the underlying bond (covered versus naked CDS) ultimately determines

how borrowing costs and default premia change (see Fostel and Geanokoplos (2012a),

Darst and Refayet (2014) and (Che and Sethi (2014)). As a result, a distinction in the

literature is drawn between covered and naked CDS. This paper follows the same dis-

tinction and analyzes the e!ects of covered CDS versus naked CDS separately.

A CDS is a Þnancial contract in which a CDS seller compensates the CDS buyer for

losses to the value of an underlying asset for a pre-speciÞed credit event or default.

The underlying assets in this economy are Þrm bonds. CDS contracts will compensate

the contract holder the di!erence between a bondÕs face value at maturity and its mar-

ket value at the time of the credit event. Thus, CDS allow investors to hedge against

idiosyncratic default risk.14 I follow Bolton and Oehmke (2011) and assume that only

default constitutes a credit event that triggers CDS payment. Debt re-negotiation is

increasingly excluded as a trigger for CDS payment (see ISDA 2009).

Consider Þrst covered CDS, where CDS buyers are required to also hold the underlying

asseti.e. the ÞrmÕs bond for whom the CDS is written. Let' %,&
0 be the price of a CDS

14CDS do not allow investors to insure away aggregate risk.
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contract issued at time 0 on bondq%,&
0 where the superscript( denotes long term debt

and the superscript) denotes short term debt as in theNon CDS Economy. Let * %,&
h0

be the number of CDS contracts investorh can issue at time 0 on bondq%,&
0 . Counter-

party risk is ruled out by assuming the CDS seller must post enough collateral to cover

the payment 1# ds

;
q%,&

s"

<
, s $ S/s0 in the worst case scenario. The total collateral

backing a CDS contract comes from two sources: 1) the price of the contract' %,&
0 , and

2) the portion of the CDS sellerÕs own cash endowment he must post to issue a contract

1
) #,"

h 0

. The sum of these two values
5

' %,&
0 + 1

) #,"
h 0

6
therefore will equal the total payment

the seller is required to make if the bond defaults 1# ds

;
q%,&

s"

<
, s $ S/s0.

Take, for example, a CDS issued on a long term bond whose payout to the CDS seller

and CDS buyer are depicted in Figure 22. At time 0 the CDS seller receives payment

' %
0 from the CDS buyer. The seller believes with probability 1# (1 # h0)2 that the

Þrm will not default and the CDS will not payout. The CDS seller believes with

probability (1 # h0)2 that there will two consecutive periods of bad news, in which

case he is expected to pay the di!erence between the face value of the bond and its

recovery value at time 2, 1# ds
/
q%

0

0
, s $ ST , leaving the seller with no proceeds from

which to consume.

Notice that selling a CDS is equivalent to buying an Arrow-Up security as it permits

state-contingent consumption. The price of an Arrow-Up security 1# ds
/
q%

0

0
# ' %

0 is

the portion of a CDS sellerÕs own collateral,1
) #

h o
that he must post in order to sell a

CDS.15

15The price of a time 1 Arrow-Up security 1# ds (q!
s! ) # #!

s, s $ ST is the portion of a CDS sellerÕs
own collateral that he must post in order to sell a CDS, where#!

s, is the price of a CDS on a time
1 bond q!

s .
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3.3.1 Investor Maximization Problem

We can now characterize each investors budget set. Given time 0 bond and CDS

prices
/
p%

0, p&
0, ' %

0, ' &
0

0
, each time 0 investorh0 $ H0 chooses cash holdings

'
xh0

0

*
,

bond holdings
.

q%,h0
0 , q&,h0

0

4
, CDS positions

.
* %,h0

0 , * &,h0
0

4
and Þnal period consumption

decisions
'

xh0
s

*
, s $ ST to maximize utility given by (3.1) subject to the budget set

deÞned by:

B h0
/
p%

0, p&
0, ' %

0, ' &
0

0
=

. '/
x0, q%

0, q&
0, * %

0, * &
0, xs

0
h0! H 0

$ R+ ' R+ ' R+ ' R ' R ' R+
*

:

xh0
0 + p%

0q%,h0
0 + p&,h0

0 q&,h0
0 + ' %

0* %,
0

h0 + ' &,h0
0 * &,h0

0 = eh0

xh0
s = x0 + ds

/
q%

0

0
+ ds" (q&

0) # ' %
0* %,

0
h0 # ' &,h0

0 * &,h0
0

max
!
0, * %,h0

0

"
* q%,h0

0

max
!
0, * &,h0

0

"
* q&,h0

0 , s $ ST

4
.

Investors use their cash endowment to purchase bonds and CDS, as collateral to

issue CDS, or for direct consumption. Note, that there is no sign restriction on* %,&
0 .

Selling CDS implies that* %,&
0 < 0, while * %,&

0 > 0 corresponds to purchasing CDS. In

all terminal states investors consume from their cash holdings and the payouts from

their portfolio of bonds and CDS positions. The maximum number of CDS contracts

an investor can purchase with either bond maturity as the underlying reference entity

cannot be greater than the number of bonds the investor owns because CDS buyers

are required to hold the underlying asset. Lastly, as in theNon-CDS Economy, we

assume there is no short selling of bonds, given by the restriction (q%
0, q&

0) $ (R+ ' R+ ).

Given time 1 short term bond and CDS prices (p&
s, ' &

s) , s = U, D each time 1 investor

hs $ H1, s = U, D chooses cash holdings
'

xh1
s

*
, bond holdings

'
q&,h1

s

*
, CDS positions
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'
* &,h1

s

*
, and Þnal period consumption decisions

'
xh0

s

*
, s $ ST to maximize utility

given by (3.2) subject to the following budget set:

B h1 (p&
s" , ' &

s" ) =
9

'
(xs" , q&

s" , * &
s" , xs)h1! H 1

$ R+ ' R+ ' R ' R+
*

:

xh1
s" + p&

s" q&,h1
s" + ' &

s" * &,h1
s" = ehs" ,

xh1
s = xh1

s" # ' &
s" * &,h1

s" + ds (q&
s" ) q&

s" + (1 # ds (q&
s" )) * &,h1

s"

max
!
0, * &,h1

s"

"
* q&,h1

s" , s $ ST

4
.

As with period 0 investors, investors use their cash endowment to purchase bonds

and CDS, as collateral to issue CDS, or for direct consumption. In all terminal states

investors consume from their cash holdings and the payouts from bond and CDS

portfolios. Selling CDS implies that* &,h1
s" < 0, while buying a CDS implies* &,h1

s" > 0.

Lastly, the number of CDS contracts owned cannot exceed the number of bonds owned

because all CDS must be covered by the underlying bond.

3.3.2 Equilibrium

An equilibrium in the Covered CDS Economyis a collection of bond prices, CDS

prices, Þrm investment decision, investor cash holdings, bond holdings, CDS positions

and Þnal period consumption decisions

; /
p%

0, p&
0, p&

s"

0
,
/
' %

0, ' &
0, ' &

s"

0
, I 0,

/
x0, q%

0, q&
0, * %

0, * &
0, xs

0
h0! H 0

(xs" , q&
s" , * &

s" , xs)h1! H 1

<

$ (R+ ' R+ ' R+ ) ' (R+ ' R+ ' R+ ) ' R+ ' (R+ ' R+ ' R+ ' R ' R ' R+ ) '

(R+ ' R+ ' R ' R+ )
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such that conditions (1)# (8) from the Non CDS Economyhold as well as the fol-

lowing:

9.
ö 1

0
* %,h0

0 dh0 = 0

10.
ö 1

0
* &,h0

0 dh0 = 0

11.
ö 1

0
* &,h1

s" dh1 = 0

Equilibriums conditions (1) - (8) are analogous to theNon CDS Economy.Conditions

(9) # (11) state that the CDS markets at time 0 for both bond maturities and time

1 are, respectively, in zero net supply.

I make use of the following lemma to characterize equilibrium in the covered CDS

economy.

Lemma 3 If 0 < d s
/
q%

0

0
< 1 and 0 < d s (q&

s" ) < 1, then no bonds for which CDS are

sold will be purchased unprotected.

Proof. See Appendix B.

The intuition behind Lemma 1 is that any investor optimistic enough to buy a bond

without a CDS will be better o! selling CDS on that bond. Additionally, if bond

delivery is equal to zero, then CDS and bonds pay the same amount in both states,

making CDS redundant assets. Finally, if the bond repays in full, then bonds are risk

free and no CDS will trade in equilibrium.

3.3.3 Results

Equilibrium in the Covered CDS Economymust be based on the bond maturity

mappings implied by theNon CDS Economy. CDS are derivative assets whose value
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depends on the existence of the underlying bond. Thus, CDS cannot be introduced

on short term bonds for parameter regions in theNon CDS Economywhere equilib-

rium is characterized by only long term bonds. Similarly, CDS cannot exist on long

term bonds for parameter regions in theNon CDS Economyfor which equilibrium

is characterized by only short term bonds. Therefore, equilibrium with CDS on both

long term debt and short term debt is only possible when there exists an interior

solution for %Ð the portion of Þrm funding that is Þnanced through long term debt

Ð that characterizes equilibrium in theNon CDS Economy.16 This does not mean,

however, that short (long) term bonds cannot exist as a funding possibility once CDS

are introduced on long (short) term bonds. This means that itis possible for CDS

to change the average maturity structure for allNon CDS Economyregimes.17

In equilibrium, as a result of linear utilities and the continuity of utility in h, and

the connectedness of the set of agentsH = [0, 1], at state s0 there will be a marginal

buyer, h0. Every agenth > h 0 sells CDS on long term bonds, and every agenth < h 0

holds a portfolio of covered long term bond positions, short term bonds, and cash.18

Additionally, since there is rollover in equilibrium, at s = D there will be marginal

buyer, hD . All investors h > h D sell CDS on short term bonds at time 1, and all

agentsh < h D hold a portfolio of covered CDS positions and cash.19 This regime is

shown in Figure 23.

Table 3.4 shows the intra-regime results when covered CDS are introduced for the

16Note that CDS will not trade on time 0 short term bonds in this model because all short term
Þnancing in the Non-CDS Economy is rolled over at time 1. This implies that time 0 short term
debt is risk free and CDS will be redundant.

17I present in the main body of the paper only detailed equilibrium results for the Covered CDS
Economy for which a portfolio of both long and short term debt 0 < $ < 1 are issued in theNon
CDS Economy. The Covered CDS Economyequilibrium characterizations that correspond to only
long term or short term bonds $ = 0 , 1 can be found in Appendix B 4.7.

18All investors h < h 0 hold 7.72 percent of their portfolio in short term bonds, 27.93 percent in
long term covered CDS positions, and the remainder in cash.

19All investors h < h 1 hold 7.25 percent of their portfolio in short term bonds and the rest in
cash.
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same parameterizations used on theNon-CDS Economy. We see that Covered CDS

induce the Þrm to issue a greater percentage of long term bonds, even when covered

CDS are traded on both short and long term bonds. In other words, covered CDS

lengthenthe average debt maturity of the ÞrmÕs bond liabilities, just as documented

empirically by Saretto and Tookes (2013). Covered CDS improve the borrowing cost

terms on which the Þrm borrows across both debt maturities. The reason bond

prices rise in covered CDS economies, as highlighted in Darst and Refayet (2014)

is that CDS and bonds arecomplimentary assets. This implies that investors who

wish to sell CDS implicitly increase the demand for bonds because the number of

CDS than can be issued is tied to the number of bonds given by the restriction

max
!
0, * &,h1

s"

"
* q&,h1

s" , s $ ST . The subsequent increase in long term bond prices

allows the Þrm to substitute long term debt for short term debt at time 0. This has

the e!ect of reducing the supply of short term debt the Þrm needs issue at time 1 to

honor its initial short term debt obligations. Hence, the average length of the ÞrmÕs

debt composition lengthens.

Note also that not only does the Þrm proportionally issue more long term debt than

short term debt, it actually reduces the overall amount short term debt issued even

though there are CDS on short term bonds at time 1 as well. The change in short

term bond pricing coming from increased investor demand for bonds in and of itself

is not su"cient for the Þrm to maintain its optimal expected-weighted cost of capital

at pre-CDS levels. The Þrm then re-optimizes its capital structure by reducing the

amount of capital raised via short term bonds so that time 1 short term bond prices

rise su"ciently to maintain its optimal expected weighted cost of capital. In sum,

covered CDS induce the Þrm to better match its liabilities with the timing of its asset

payouts and reduce the incidence of maturity mis-match.

The complimentarily of the CDS and the underlying bond underscores why the ÞrmÕs
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Table 3.4: Covered Results

Portfolio
(ADD , ! ) = ( .5, .5) p&

0 p&
D p%

0 q&
0 q&

D q%
0 I 0 % E[" ]

Covered CDS 1 .9901 .9967 .0700 .0707 .2531 .3223.7829 .0606
Non-CDS 1 .9577 .9855 .1078 .1126 .1997 .3046.6460 .0579

term structure is unaltered for parameter regions in which only one debt maturity

trades in the Non CDS Economy. The implicit increased demand for the underlying

asset prohibits funding through alternative maturity structures from materializing.

This is why the parameter regions for which only long term (short term) bonds are

issued continue to be characterized by only long term (short term) bonds when CDS

are introduced. Figure 24 shows the parameters space that characterizes each of the

possible funding regimes.

Lastly, consistent with other general equilibrium models of investment with CDS, the

reduction in borrowing cost causes the Þrm the increase investment demand and leads

to more proÞtable production.

The remainder of the section describes how to solve for equilibrium in theCovered

CDS Economy when the Þrm issues both long and short term debt maturities.20

Readers not interested in the technical details may move on to theNaked CDS Econ-

omy section.

The twelve endogenous variables are
/
p&

0, p%
0, p&

D , q&
0, q%

0, q&
D , I 0, %, h0, hD , ' &

0, ' %
0

0
. The

20The system of equations used to solve for only long term or short term debt can be found in
Appendix B 4.7
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system of equations is

p&
0 = 1 (3.14)

1 = (1" (1" h0)2)(1" dDD (q#
0))

1" * #
0" dDD (q#

0)
(3.15)

1 =
hD (1" dDD (q"

D ))
1" * "

D " dDD (q"
D ) (3.16)

I 0 = p%
0q%

0 + p&
0q&

0 (3.17)

$
p"

0
+ $(1" $)

p"
D p"

0
= 1" (1" $)2

p#
0

(3.18)

#I ! " 1
0

(
1 # (1 # ! )2)

=
( [1" (1" $)2]

p#
0

+ (1" ( )
p"

0

!
! + $(1" $)

p"
D

"
(3.19)

%= p#
0q#

0
I 0

(3.20)

q&
0 = p&

sq
&
s (3.21)

1" h0

1" * #
0" dDD (q#

0)
= q%

0 (3.22)

1" hD

1" dDD (q"
D )" * "

D
= q&

D (3.23)

p%
0 + ' %

0 = 1 (3.24)

p&
D + ' &

D = 1 (3.25)

Equations (3.14)-(3.16) are the bond and CDS pricing equations. Time 0 short term

debt is risk free because of rollover at time 1. Long term CDS prices are determined by

marginal investorh0, who is indi!erent between writing a long term CDS and holding

cash. The return to writing a long (short) term CDS is the total expected collateral

retained in the upstate over the portion of the sellerÕs own collateral required to issue

the contract. Equations (3.17)-(3.21) are the same as in theNon-CDS Economy.

Equations (3.22) and (3.23) are, respectively, the time 0 long term and time 1 short

term CDS market clearing conditions. They state the that optimistsÕ demand for

issuing CDS is equal to the supply of bonds the Þrm issues since any purchased CDS

must be accompanied by the underlying bond. Lastly, equations (3.24) and (3.25)

are the long term and short term no arbitrage conditions which state CDS prices and
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underlying bond prices must sum to 1.

3.4 Naked CDS Economy

This section extends the model by allowing investors to holdnaked CDS positions:

investors are not required to hold the underlying asset to purchase a CDS.

A naked CDS buyer receives the di!erence between the face value of the bond and

recovery value in the event of default, 1# ds

;
q%,&

s"

<
, s ,= s0. Naked CDS sellers receive

nothing if the bond repays in full. CDS buyers must make an upfront payment in the

amount ' %,&
s , s ,= s0 in order to purchase a contract. Notice that purchasing a naked

CDS e!ectively buys the Arrow-Down security. The naked CDS payout structure is

given in Figure 25.

As in the Covered CDS Economy, all CDS contracts are fully collateralized. The CDS

seller must post enough collateral to make the required payment if the Þrm defaults.

The total collateral posted per CDS contract is equal to 1# ds

;
q%,&

s"

<
, s ,= s0. A

portion of the total collateral amount comes from the price a CDS seller receives for

selling the contract ' %,&
s , s ,= s0, and the remainder of the collateral amount comes

from his own endowment 1
) #,"

s
, s $ S/ST . Moreover, the implications of Lemma 1

still hold so that no agent purchases a bond unprotected for which CDS protection is

sold.

3.4.1 Investor Maximization Problem

Given time 0 bond and CDS prices
/
p%

0, p&
0, ' %

0, ' &
0

0
, each time 0 investorh0 $ H0

chooses cash holdings
'

xh0
0

*
, bond holdings

.
q%,h0

0 , q&,h0
0

4
, CDS positions

.
* %,h0

0 , * &,h0
0

4
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and Þnal period consumption decisions
'

xh0
s

*
, s $ ST to maximize utility given by

(3.1) subject to the budget set deÞned by:

B h0
/
p%

0, p&
0, ' %

0, ' &
0

0
=

. /
x0, q%

0, q&
0, * %

0, * &
0, xs

0
h0! H 0

$ R+ ' R+ ' R+ ' R ' R ' R+ :

xh0
0 + p%

0q%,h0
0 + p&,h0

0 q&,h0
0 + ' %

0* %,
0

h0 + ' &,h0
0 * &,h0

0 = eh0

xh0
s = x0 + ds

/
q%

0

0
+ ds" (q&

0) # ' %
0* %,

0
h0 # ' &,h0

0 * &,h0
0 , s $ ST

4
.

Investor budget sets are the same as those described in theCovered CDS Economy

except that investors can now buy CDS without holding the underlying asset, hence

the restriction max
!
0, * &,h0

0

"
* q&,h0

0 is no longer imposed. As a result the number of

CDS contracts investors may purchase is not restricted to the number of bonds they

own.

Given time 1 short term bond and CDS prices (p&
s, ' &

s) , s = U, D each investorh1 $ H1

chooses cash holdings
'

xh1
1

*
, bond holdings

'
q&,h1

s

*
, CDS positions

'
* &,h1

s

*
, and Þnal

period consumption decisions
'

xh0
s

*
, s $ ST to maximize utility given by (3.2) subject

to the following budget set:

B h1 (p&
s" , ' &

s" ) =
9

(xs" , q&
s" , * &

s" , xs)h1! H 1
$ R+ ' R+ ' R ' R+ :

xh1
s" + p&

s" q&,h1
s" + ' &

s" * &,h1
s" = ehs" ,

xh1
s = xh1

s" # ' &
s" * &,h1

s" + ds (q&
s" ) q&

s" + (1 # ds (q&
s" )) * &,h1

s" , s $ ST

4
.

The time 1 budget set in theNaked CDS Economyis also the same as theCovered

CDS Economyexcept there is no restriction that ties the maximum number of CDS

contracts bought to the number of bonds held.

Equilibrium Existence and Institutional Investor

Fostel and Geanakoplos (2014) identify an existence problem in production economies
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where collateral equilibrium may breakdown in the presence of naked CDS. Darst and

Refayet (2014) and, in an earlier working paper version, Che & Sethi (2010) assume

that a retail investor will always demand bonds so that equilibrium does not break

down. I follow this assumption to compute equilibrium in the current model.

Assume institutional investors arrive at times 0 and 1 who are required to hold no

risk on their balance sheet. Furthermore, assume that the investors are endowed

with enough capital to satisfy all potential Þrm funding needs and CDS premiums in

equilibrium. One may, for example, take the investors to be mutual fund managers.

For simplicity, assume each institutional investor may only purchase assets that are

introduced into the economy concurrent with his arrival. For example, the retail

investor arriving at time 0 can only purchase CDS and bonds issued at time 0.21

Lastly, the presence of the institutional investor would not a!ect equilibrium in the

Non-CDS and Covered-CDS Economies. Limiting the risk exposure of the investor

will prevent him from purchasing bonds without any CDS protection. Thus he will

remain in cash in an economy without CDS. Moreover, in the covered CDS economy,

agents who did not sell CDS held a portfolio of cash and covered CDS positions. The

institutional investor could just as easily replace the agentsÕ covered CDS positions,

leaving them only holding cash and equilibrium unperturbed.

3.4.2 Equilibrium

An equilibrium in the Naked CDS Economyis a collection of bond prices, CDS prices,

Þrm investment decision, individual and retail investor cash holdings, bond holdings,

21A formal presentation of the Retail Investor Problem is presented in Appendix B 4.7
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CDS positions and Þnal consumption decisions

; /
p%

0, p&
0, p&

s"

0
,
/
' %

0, ' &
0, ' &

s"

0
, I 0,

/
x0, q%

0, q&
0, * %

0, * &
0, xs

0
h0! H 0,M 0

(xs" , q&
s" , * &

s" , xs)h1! H 1,M 1

<

$ (R+ ' R+ ' R+ ) ' (R+ ' R+ ' R+ ) ' R+ ' (R+ ' R+ ' R+ ' R ' R ' R+ ) '

(R+ ' R+ ' R ' R+ )

such that the following are satisÞed:

1.
ö 1

0
xh0

0 dh0 + xM 0
0 + p%

0q%,M0
0 + p&

0q&,M0
0 + ' &

0* &,M0
0 =

ö 1

0
eh0 dh0 + eM 0

2.
ö 1

0
xh1

s" dh1 + xM 1
s" + p&

s" q&,M1
s" =

ö 1

0
eh1

s" dh1 + eM 1
s"

3.f s (I 0) = " s + qs" ds
/
q%

0

0
+ qs" ds (q&

s" )

4.I 0 = p%
0q&,M0

0 + p&
0q&,M0

0

5.p&
s" q&,M1

s" = q&
0

6." (I 0, %) ( " ( öI 0, %), " öI 0 ( 0 and 0* ö%* 1

7.
;

xh0
0 , q%,h0

0 , q&,h0
0 , xh0

s

<
$ B h0

/
p%

0, p&
0, p&

s"

0
) Uh0 (x) * Uh0

/
xh0

0
, " h0

8.
;

xh1
s" , q&,h1

s" , xh1
s

<
$ B h1 (p&

s) ) Uh1 (x) * Uh1
/
xh1

0
, " h1

9.
/
xs, cM 0

0

0
$ B M 0

/
p%

0, p&
0, ' %

0, ' &
0

0
) UM 0 (x) * UM 0

/
xs, cM 0

0

0

10.
/
xs, cM 1

s"

0
$ B M 1 (p&

s" , ' &
s" ) ) UM 1 (x) * UM 1

/
xs, cM 1

s"

0

11.
ö 1

0
* %,h0

0 dh0 + * %,M0
0 = 0

12.
ö 1

0
* &,h0

0 dh0 + * &,M0
0 = 0

13.
ö 1

0
* &,h1

s" dh1 + * &,M1
s" = 0

s $ ST

Conditions (1) & (2) state that all endowments in period 0 and 1 have one of three
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potential uses: (a) held as collateral to issue CDS, (b) held as cash by theretail

investor for consumption, or (c) used to buy bonds and CDS. Condition (3) says the

goods market clears such that total Þrm output is consumed by Þrm managers in the

form of proÞts and used to repay bond holders. Condition (4) states that all of the

capital raised at time 0 goes towards producing output, while condition (5) says all

capital raised at time 1 is used to fully repay time 0 short term creditors. Condition

(6) states that the Þrm chooses investment to maximize proÞts while Conditions

(7)# (10)say that all investors choose utility maximizing portfolios given their budget

sets. Finally, conditions (11)# (13) state that the CDS markets in either period are

in zero net supply.

Results

As with the Covered CDSEconomy, equilibrium in the Naked CDS Economymust

be mapped to theNon CDS Economy. Figure 26 shows the di!erent maturity struc-

tures that characterize equilibrium for the parameter space when naked CDS are

introduced. Equilibrium with naked CDS is characterized by only two di!erent ma-

turity structures: 1) Portfolio of both bond maturities with short term liquidation at

time 1, and 2) only long term debt. What this means is that Naked CDS robustly

destroy equilibrium whenany short term debt is issued at time 0, a point to which I

return later in the section.

Term Structure

Consider Þrst equilibrium characterized by CDS only on long term debt with short

term liquidation at time 1. To analyze this equilibrium, consider the following pa-

rameters: # = 0.8, ! = 0.5, ADD = 0.1, & = 0.7. In equilibrium, as a result of linear

utilities and the continuity of utility in h, and the connectedness of the set of agents

83



H = (0 , 1) , at state s0 there will be two marginal buyers, h1
0 and h2

0. Every agent

h > h 1
0 will sell CDS on long term bonds, every agenth2

0 < h < h 1
0 will buy short

term bonds, and every agenth < h 2
0 will buy naked CDS on long term bonds. This

regime is shown in Figure 27.

The grey region in Figure 26 is the parameter space that is characterized by short

term debt that is in default when s = D and long term debt with naked CDS. There

are no CDS on short term debt issued at time 0 because only long term bonds are

issued when CDS do not exist. It is the introduction of naked CDS on long term

bonds that cause short term debt at time 0 to be come a debt Þnancing option.

Unlike the complimentarily of covered CDS and the underlying bond, naked CDS

and the underlying bond are substitute assets (Darst and Refayet (2014), Fostel and

Geanakoplos (2014) Ð henceforth denoted FG). Naked CDS induce investors to move

their capital into derivative markets and out of the underlying bond market. This

reduces the demand for bonds and reduces bond prices. The Þrm responds to lower

long term bond prices by substituting a portion of the capital it raises from long term

debt into short term debt as shown by the reduction in%from 1 to .9173 in Table 3.5.

Naked CDS thus induce some Òmaturity mis-matchÓ between the payments due on

Þrm liabilities and revenues generated from investment when there otherwise would

be no maturity mis-match absent the trading of the derivative.

Maturity mis-match arrises in equilibrium and long term bonds cease to be the exclu-

sive funding instrument when agents view the technology shock to be very poor for a

simple reason. Naked CDS raise long term bond prices to the point where the beneÞt

to the Þrm of insulating itself from bad intermediate news is ÒpartiallyÓ eroded for

certain values ofADD . It is only ÒpartiallyÓ eroded because the Þrm still opts to

issue mostly long term debt. Instead of issuing all long term bonds at high interest

rates, the Þrm issues risky short term debt that is not rollover over ifs = D. The
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Þrm liquidates assets to repay short term creditors and continues producing using

the capital it raised from long term bonds. The Þrm rolls over the short term debt

if s = U at risk free interest rates. Thus, when borrowing costs on long term bonds

are su"ciently high, the Þrm Þnds it optimal not to insulate itself from intermedi-

ate news announcements, rather it uses the news announcements to its advantage to

rollover short term bonds risk free in good states, and default on short term debt in

bad states.

Additionally, it is precisely the technology shock outcomes where short term borrow-

ing is most costly at time 1 that the Þrm chooses to issue short term debti.e. very low

ADD , on which it eventually defaults. This result is similar to the roll over problem

identiÞed by Che and Sethi (2014). They argue that conditional on an equilibrium

with default, short term debt is not rolled over when investors believe that revenues

will be su"ciently low. SpeciÞcally, debt ÞnanciersÕ pessimism about the ÞrmÕs abil-

ity to repay debts becomes sell-fulÞlling when naked CDS can be traded. The rollover

problem in this model is distinct because it is actually proÞt maximizing for theÞrm

and there are no CDS on short term debt. The Þrm can always choose to issue all long

term bonds and make positive expected proÞts even in the presence of naked CDS,

which is does for certain parameters (see the white region in Figure 26). The naked

CDS on long term bonds induces the Þrm to issue risky short term debt when the

di!erence between good and bad technology shock realizations is most pronounced.

In that sense, asset liquidation is similar to Che and Sethi when expectations about

technology outcomes are most pessimistic. The di!erence in the two results is that

naked CDS lead to anissuance freezewhereby the Þrm opts to liquidate assets and

not rollover short term debt.

Existence
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Now consider the black region in Figure 26 labeled No Equilibrium. Naked CDS de-

stroy equilibrium for these parameters consistent with FG (2014). Che and Sethi

(2010), Darst and Refayet (2014), and Refayet (2014) circumvent this the non-

existence issue by assuming a institutional investor always demands corporate bonds

as long as the Þrm demands investment. For this reason, the assumption of a retail

investor always standing by to buy bonds is su"cient to restore equilibrium with

naked CDS in other general equilibrium production economy models.

In this model, however, institutional investors are not su"cient to restore equilibrium

because the demand for assets is not what collapses when CDS are introduced. The

Þrm raises a portion of its funding through short term debt that is rolled over in full

at s = D for the entire black parameter space in Figure 26 in theNon CDS Economy.

This means that CDS can be written on long term bonds at time 0 and short term

bonds at time 1. Introducing naked CDS on the short term bond at time 1 increases

the default premium such that it is no longer proÞtable to raise funds through short

term debt at s = D. But, because CDS are derivative instruments whose value is

derived from an underlying bond, if the underlying bond does not exist, CDS cannot

exist. As shown in theNon CDS Economy, equilibrium with short term rollover

always exists for this parameter space. Hence, even assuming a retail investorÕs with

su"cient capital to purchase bonds and CDS does not restore equilibrium because

the Þrm does not issue bonds! Thus thedynamic inconsistencyproblem due to short

term debt is present for this region as well. In fact, whenever the ÞrmÕs assets and

liabilities are not perfectly timed i.e. if any debt is issued that matures before the

investment generates revenue, naked CDS destroy equilibrium. The assumption of

ever present demand for bonds in a static setting is not su"cient to restore equilibrium

in a dynamic setting. Thus, the non-existence result of FG is much more robust in

dynamic economies than in static economies.
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The remainder of the section describes the set of equations used to solve for equi-

librium in the Naked CDS Economy. Readers not interested in the technical details

should proceed to the paperÕs concluding remarks. The ten endogenous variables that

solve for equilibrium characterized by both long and short term debt with naked CDS

only on long term bonds are
/
p%
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Equations (3.26) and (3.27) are the asset pricing equations. The former says that,

at time 0, the marginal buyer h1
0 is indi!erent to selling a naked CDS on the long

term bond and buying the short term bond. The latter says that at time 0, marginal

buyer h2
0 is indi!erent between buying the short term bond and buying a naked CDS

against the long term bond. Equation (3.28) is the Þrm funding condition as in

previous economies. Equations (3.29) and (3.30) are the Þrm Þrst order conditions

22The system of equations used to solve for equilibrium in theNaked CDS Economycharacterized
by only long term debt can be found in Appendix B 4.7
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Table 3.5: Naked Results

Portfolio
(ADD , ! )=( .1, .5) p&

0 p%
0 q&

0 q%
0 I 0 % E[" ]

Naked CDS .6640 .6602 .0053 .0588 .0423 .9173 .0117
Covered CDS Ð .9551 Ð .2727 .2605 1 .0511

Non-CDS Ð .9460 Ð .2625 .2483 1 .0492

Long
(ADD , ! )=( .2, .5) p&

0 p%
0 q&

0 q%
0 I 0 % E[" ]

Naked CDS Ð .7074 Ð .0821 .0581 1 .0154
Covered CDS Ð .9680 Ð .2877 .2785 1 .0539

Non-CDS Ð .9512 Ð .2682 .2551 1 .0503

w.r.t. the portfolio allocation %and investment I 0, respectively. Equation (3.31)

deÞnes%to be the portion of capital the Þrm raises by issuing long term bonds as in

previous economies. Equations (3.32) and (3.33) are respectively the time 0 market

clearing conditions for long term naked CDS and short term bonds. Lastly, (3.34)

is the no arbitrage condition stating that owing the long term bond with a CDS is

equivalent to holding cash.

3.5 Conclusion

This paper Þnds that covered CDS tend to lengthen the debt maturity of corporate

bonds, consistent with recent empirical evidence. Covered CDS raise bond prices.

The beneÞts of lower bond prices on long term bonds can be realized all at the date

of issuance. The beneÞts of lower borrowing costs on short term bonds only mate-

rialize in states where bad news raises the expected likelihood of default. However,

the presence of naked CDS may induce Þrms to issue risky short term debt when

it otherwise would issue exclusively long term debt. This raises the possibility of

maturity mis-match in the real sector where a portion of real long term investment is

Þnanced through short term bonds. Finally, naked CDS cause a debt issuance freeze
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when any portion of investment is Þnance through short term debt, even if there are

always investors standing buy willing to buy bonds.
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4 Do CDS Induce Borrowing Cost Spillovers
in the Corporate Bond Market

4.1 Introduction

General equilibrium models of investment with agents who have heterogeneous priors

are increasingly used by researchers to study the e!ects of credit default swaps (CDS)

on a variety of di!erent corporate borrowing decisions. For example, Fostel and

Geanakoplos (2012a & 2014) show how CDS alter the collateral value of cash, which

a!ects the demand for bonds used for real investment. Che and Sethi (2014) show that

the distinction between covered and naked CDS have opposite e!ects on bond pricing.

Oehmke and Zawadowski (2014) show that CDS are non-redundant assets because

of levered basis trading when agents have heterogeneous liquidity needs. Lastly,

Darst and Refayet (2013) introduce Þrm heterogeneity and endogenous investment to

explain how CDS can lead to borrowing cost spillovers as well as a tradeo! between

borrowing costs and default risk. One common theme in all of the aforementioned

work is the fundamental mechanism through which CDS a!ect the cost of debt Ð

derivative instruments alter the set of investors who buy and price bondsi.e Òthe

natural bond buyersÓ. One was to interpret this mechanism is that CDS reallocate

capital from bond markets to CDS markets.

The Òcapital reallocationÓ channel in the general equilibrium literature is but one of

the channels purporting to explain how CDS a!ect Þrm borrowing costs. For example,

Du!ee and Zhou (2001) show that CDS can reduce informational frictions in corporate

loan markets thereby reducing the lemons problem in secondary loan markets. Bolton

and Oehmke (2013) show that CDS can lead toex postempty creditors that do not

allow Þrms to rollover their debt, leading to higher default risk andex anteborrowing
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costs.1 Alternatively, knowing that rolling over debt may be more di"cult in the

presence of CDS trading, Þrms may strengthen their commitment to repayment,

which lowers default risk and borrowing costs. Parlour and Winton (2013) show that

if banks lay o! credit risk for the purpose of portfolio risk management, CDS trading

could arise even when selling the loan and transferring the monitoring obligation is

socially optimal. This leads to insu"cient borrower monitoring which raises default

risk. Oehmke and Zawadowski (2014) show that CDS lower bond prices when there

are signiÞcant di!erences in the trading costs between the underlying bond and the

corresponding CDS instrument because levered basis trades reduce short selling.

This paper proposes to test whether CDS alter the general cost of debt capital in a

way that general equilibrium theories predict. In particular, if natural bond buyers

use their capital for CDS transactions rather than bond market transactions, then the

cost of credit to debt issuers may be a!ected even if the speciÞc debt issuers are not

underlying reference entities for CDS contracts. The extant empirical CDS literature

surveyed in the following section focuses on the e!ects of CDS on the underlying

reference entity. As noted, there are a variety of di!erent explanations for why CDS

can a!ect the cost of the debt to the underlying entity including, but not limited

to, reduced incentives to monitor loans, reduced informational frictions, and stronger

commitment to repay debts. However, none of these mechanisms considers or can

justify whether or not CDS lead to borrowing cost spillovers for Þrms that arenot

the named credits in CDS contracts. In this sense, our analysis is novel in that not

only do we measure the impact of CDS on debt issuing Þrms without CDS exposure,

but identifying borrowing cost spillovers gives additional empirical credence to the

broad class of general equilibrium models that feature CDS.

1The empty creditor problem arises when a debt holder has obtained insurance against default
but otherwise retains control rights in and outside bankruptcy. Debt renegotiation thus becomes
more di"cult due to the insurance purchased against default.
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The econometric speciÞcation exploits the timing of CDS issuance by Þrm rating

to identify whether credit spreads for like rated Þrms are a!ected. A pooled-OLS

estimate is used to test whether or not CDS introduction impacts borrowing costs for

other, non-CDS reference Þrms. The analysis includes ratings, industry and time Þxed

e!ects to account for unobserved macroeconomic characteristics that may inßuence

the cost of debt over time, by Þrm rating and NAICS industry. Controls for bond

options and covenants are included to show that the estimated spillover e!ects are

not due to bond contractual di!erences.2

Our main Þnding is that CDS lead to heterogeneous borrowing cost spillovers de-

pending on investment class and Þrm rating. CDS tend to raise borrowing costs, on

average, for other investment-grade Þrms controlling for Þrm and bond characteris-

tics, with time and Þrm rating Þxed e!ects. The interpretation is that natural bond

buyers (e.g. pension funds, mutual funds, Þxed-income hedge funds) use a portion of

their investment capital to collateralize long positions in the CDS market (sell CDS)

rather than buying bonds. Several recents studies have argued that CDS markets

have made the underlying bond market and equity markets less e"cient and more

illiquid (see Daset al. (2012) and Boehmeret. al. (2015)). Our results compliment

these Þndings by showing that other debt issuing Þrms su!er in terms of the price of

credit risk when issuing debt due to CDS trading on similar instruments. We group

debt issuances by ratings class hypothesizing that bond buyers search for assets that

yield a particular return along a certain risk proÞle. This is consistent with Becker

and Iviashina (2014) who show that insurance companies, who are the single largest

purchaser of corporate bonds, chase yield within asset ratings classes.

We Þnd further evidence that CDS actually lower borrowing costs for classes of high-

2The results are generally robust to Þrm Þxed e!ects to account for unobserved Þrm character-
istics.
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yield Þrms, mainly C rated Þrms. This can be attributed to the notion that corporate

bond markets are segmented between investment grade and high-yield debt due to

secondary market liquidity. CDS trading may improve liquidity for the high-yield

portion of the corporate bond market. Existing studies that Þnd CDS negatively

impact bond and equity market liquidity almost exclusively consider publicly traded

Þrms, which tend to be larger, have more analyst coverage and tend to be more

liquid. Our results suggest that CDS may impact corporate bond markets in very

di!erent ways. Thus liquidity studies that only consider publicly traded entities

may not represent a full assessment of the e!ects of CDS on corporate bond market

liquidity.

The interpretation that CDS lead to increased borrowing cost due to negative spillovers

for certain highly rated Þrms is potentially complicated by the endogeneity of CDS

introduction. For example, one may expect that investors buy CDS in order to hedge

against bond default risk, or investors sell CDS because they do not expect the Þrm

to default. This implies that CDS trading can be endogenous to corporate credit

spreads. Consequently Þrms with relatively high default risk may experience strong,

negative borrowing cost spillovers. Our results however run counter to this inter-

pretation since we Þnd high-yield Þrms borrow on better terms while Þnancing cost

increases for investment-grade Þrms. Furthermore, we address endogeneity by using

the previous quarterÕs observation for CDS trading as an instrument. To the ex-

tent that CDS markets are liquid and capture up-to-date default information, we do

not expect prior period CDS trading to be correlated with contemporaneous credit

spreads. The results from the instrument variable (IV) analysis do not contradict

our main Þndings that CDS lead to negative spillovers by way of increased borrowing

cost for investment-grade Þrms and positive spillovers for high-yield Þrms.

Another concern that high-yield Þrms borrow on better terms due to CDS trading
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is that CDS timing coincides with generally favorable borrowing conditions. In this

case it is bond issuance that is endogenous to the aggregate cost of credit. We use

the Heckman (1979) two-stage analysis to account for self selecting into issuing debt

due to favorable terms of credit, as well as aggregate credit spread indices by rating.

Neither speciÞcation contradicts our main Þndings.

We include further robust analysis utilizing di!erent sub-samples of the data. The

data is split according to publicly traded and non-publicly traded Þrms. The results

for publicly traded Þrms are similar to our baseline results, indicating that investment-

grade bond issuers of di!erent ratings classes borrow on higher terms, while C rated

Þrms may borrow on lower terms. The results for non-publicly traded Þrms are

mixed. This suggests that capital reallocation from bond markets into CDS markets

may be more likely for publicly traded Þrms and have enhanced liquidity beneÞts to

publicly traded high-yield Þrms. This is not necessarily in contrast the Daset. al.

(2012) who Þnd that CDS may have made bond markets more illiquid because their

results depend on which measure of liquidity is used. Furthermore, their trading bond

sample is composed mainly of the most liquid bonds because they require multiple

consecutive days of secondary market trading to compute liquidity. Hence, they are

more likely to Þnd that CDS markets make the most liquid bonds,i.e. investment-

grade, less liquid, which is consistent with higher borrowing costs spillovers identiÞed

for investment-grade credits in our study.

The rest of the paper is organized as follows: Section (4.2) reviews the related liter-

ature. Section (4.3) discusses in detail the motivation for this paper. Section (4.4)

describes the data used and construction of CDS variables. Section (4.5) presents the

model, the main empirical results. Section (4.6) addresses robust analysis. Lastly,

Section (4.7) o!ers concluding remarks.
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4.2 Literature

Our paper is related to a growing empirical CDS literature that investigates the

impact of CDS markets on corporate borrowing outcomes and the economic role

of CDS markets. Our work is most closely related to Ashcraft and Santos (2009).

They use a similar data set and exploit the timing of CDS introduction to study

how corporate credit spreads of underlying CDS reference entities respond to CDS

trading. They Þnd that, on average, CDS trading has no e!ect on corporate credit

spreads. They then analyze credit spreads across heterogeneous Þrms, split between

informational opacity and Þrm risk. The results indicate that CDS may have positive

borrowing cost e!ects for safe and more transparent Þrms relative risky and opaque

Þrms. Hirtle (2009) uses bank call reports to estimate the impact of active CDS use

by banks on the supply of loan credit and loan credit spreads. The results suggest

the impact of CDS on loan supply depend on borrower heterogeneity in addition to

bank and loan-type heterogeneity. For example, only large new term loans experience

increases in credit lent concurrently with reduced loan spreads; otherwise, increases

in credit supply are associated with higher credit spreads. Larger borrowers are more

likely to be named credits as underlying CDS reference entities, in which case the

beneÞts of CDS are concentrated among these types of borrowers. Norden et. al.

(2014) study gross and net CDS positions on banksÕ balance sheets. They Þnd that

only gross positions have a signiÞcant impact on credit supply and credit spreads.

The interpretation is that risk management through derivative positions is the key

channel through which CDS reduce corporate borrowing costs. Kim (2013) Þnds

that CDS lower corporate borrowing costs due toex antestrengthening of creditorÕs

bargaining power in distressed debt renegotiation. Thus, CDS act as a commitment

device for Þrms to repay their debts, which lowers default risk and bond spreads. Shim

and Zhu (2010) Þnd that CDS lowered corporate credit spreads and reduced bid-ask
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spreads in Asian bond markets. They attribute the results to a Òjump-startÓ e!ect.

Asian corporate bond markets are much less developed than in the U.S. and Europe.

They argue that CDS introduction helps add liquidity to the underlying bond market

and increases issuance. Insofar as bond prices are related to CDS spreads through

an arbitrage-linked pricing mechanism, Siriwardane (2014) Þnds that the price of

credit risk in CDS markets is largely determined by the capital constraints of CDS

issuing institutions. For example, when large CDS sellers are capital constrained,

CDS spreads increase.

Additional empirical work on CDS looks at non-price e!ects of CDS on corporate

borrowing. Saretto and Tookes (2014) suggest that Ashcraft and Santos (2009) fail

to Þnd economically signiÞcant positive borrowing cost e!ects because CDS induce

other non-price beneÞts to Þrms seeking debt Þnancing. The authors Þnd that CDS

allow Þrms to maintain higher leverage ratios as well as longer debt maturities. Subra-

hamanyam, Tang, and Wang (2014a) suggest that CDS trading tends to increase cash

holdings of the underlying reference entity. The reason is that Þrms will have to use

their own means of Þnancing if it becomes distressed because their creditors may be-

come tougher during debt renegotiation. Subrahamanyam, Tang, and Wang (2014b)

Þnd that, after controlling for the endogeneity of CDS trading, CDS introduction leads

to increased credit risk and raises the likelihood of bankruptcy for distressed CDS ref-

erence Þrms. Oehmke and Zawadowski (2014) document that CDS may serve as a

standardization mechanism for highly fragmented bond issuances. Holding constant

the amount of bonds outstanding, the authors Þnd that Þrms with more fragmented

bond issuances are more likely to be underlying CDS reference entities as well as have

higher notional value of outstanding CDS contracts.

To our knowledge there are only three studies that explicitly test for spillover type

e!ects emanating from CDS markets into corporate debt markets. Norden et. al
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(2014) Þnd that loans to non-rated Þrms are on average 45 basis points lower when

their creditors use CDS to hedge loan portfolios. They suggest that non-rated credits

are the least likely to have CDS trading on their debt and that banks can reduce

the marginal cost of risk taking through CDS markets. Moreover, banks may engage

in pseudo-pricingwhere un-traded exposures are priced according to the pricing of

highly correlated traded exposures. Saretto and Tookes (2014) hypothesize that the

e!ects of CDS trading may impact competitor Þrms within the same three-digit SIC

industry that do not have CDS exposure on their debt. Their tests however, are on

how CDS a!ect leverage and bond maturityi.e. quantities and not prices. They

Þnd that the presence of CDS trading on competitor Þrms in the same three-digit

SIC industry does not signiÞcantly impact the leverage or maturity outcomes of Þrms

with no CDS trading on their debt. Lastly Jorion and Zhang (2007) show that sudden

spikes in CDS spreads lead to increases in CDS spreads of other industry competitors.

This is evidence that there is credit contagion emanating from CDS trading.

To summarize, the empirical CDS literature on corporate debt primarily focuses on

the impact of credit derivatives on the underlying entity. The literature broadly Þnds

that CDS can a!ect underlying entities through price (borrowing cost) and non-price

(maturity, leverage) e!ects. The e!ects of CDS on reference entities is mixed and

depends largely on characteristics of the reference Þrm and the CDS issuer. This paper

focuses on an alternative bond pricing implication due to CDS marketsÐborrowing

cost spillover e!ects on Þrmswithout CDS trading on their debt. While Norden

et. al (2014) identify borrowing cost spillovers from a risk-management perspective

through the bank lending channel, we capture the borrowing cost spillover as a result

of the reallocation of investment capital away from bond markets and into derivatives

markets. This is consistent with the general equilibrium theory implications of how

CDS a!ect corporate borrowing costs developed by Fostel and Geanakoplos (2012a
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& 2014), Che and Sethi (2012) and extended by Darst and Refayet (2013).

4.3 Motivation

Our main goal is to investigate if CDS introduction on a given debt issuance can lead

to borrowing cost spillovers to Þrms for whom CDS are not traded. We exploit the

onset of CDS trading at a speciÞc point in time as the basis to measure the borrow-

ing cost changes, controlling for Þrm characteristics, bond characteristics, including

industry and time (quarterly) Þxed e!ects. Using the Markit database, there are only

three quarters from 2001 through 2014 where we do not identify a newly traded CDS

contract. Thus the identiÞcation of a ÒgeneralÓ borrowing cost spillover is tenuous

at best. Therefore, we propose to identify borrowing cost spillovers based on two

di!erent channels: 1) Þrms within the same industry with di!erent risk proÞles who

could compete with one another for Þnancing, and 2) Þrms with similar credit risk

proÞles but across di!erent industries who may compete with one another for invest-

ment capital. The notion that CDS alters the portfolio of the natural bond buyers

and subsequent cost of issuing bonds does notex ante indicate speciÞcally through

which channel any spillovers are likely to arise. We believe the identiÞcation along the

ratings channel is quite natural considering bond buyers construct portfolios based

on asset risk and yield proÞle. We further hypothesize that spillovers to Þrms in the

same industry could arise due to relationship lending and intra-industry credit risk

contagion (see Jorian and Zhang (2007) for intra-industry contagion e!ects). Lenders

may build on a knowledge of certain industries based on repeated interactions with

certain clients.3 In this sense we let the data help guide whether or not the spillovers

are industry speciÞc, credit risk speciÞc, or both.

3Saretto and Tookes (2014) test whether or not there are spillover e!ects on debt maturity and
Þrm leverage ratios due to CDS trading by three-digit SIC.
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We intend to study borrowing cost spillovers due to CDS trading through the pur-

ported mechanism that trading in the derivative market reallocates capital away from

bond purchases. SpeciÞcally, capital that would be used to take a long position in the

bond market is used as collateral to issue CDS. The extent to which the mechanism

is present in the data relies on CDS counter parties posting collateral to support po-

tential losses. We acknowledge that it is unclear what proportion of credit protection

sold was collateralized in the early days of CDS trading due to the over-the-counter

nature of the CDS market. It is clear, however, that AIG did have signiÞcant sums

of collateral posted on their CDS contracts as the Þnancial crisis was in full swing.

According to McDonald and Paulson (2014), the issue with AIG and their deriva-

tive positions was the increasing amount of collateral required due to mark-to-market

valuations and continual rating down-grades. For example, AIG had $13.2 billion in

collateral posted on their CDS position as of 2008-06-30, and their counter-parties

called for $15.7 billion. The $2.5 billion collateral short fall in June expanded to $14.4

billion by the end of September, 2008. AIG had $22.4 billion dollars of collateral on

their CDS positions at that point. Thus, we assume that even if each CDS position

was well under collateralized in the nascency of CDS trading, the total amount of col-

lateral used to issue CDS could very reasonably a!ect bond market pricing because

the total notional amount of CDS transactions rapidly surpassed $60 trillion in 2007.4

Even a one-percent collateral posting of $600 billion is ten-percent of the entire U.S.

bond market issuance in 2007, across all types of bonds.5

At this point one may wonder whether the same logic can be applied to bond is-

suances competing with one another for investment capital such that debt issuance in

general diverts capital away from subsequent bond issuances? To some degree this in

4See ISDA Market Study: http://www.isda.org/statistics/pdf/ISDA-Market-Survey-annual-
data.pdf

5see SIFMA: Issuance Tab within the US Bond Market Issuance and Outstanding spreadsheet,
http://www.sifma.org/research/statistics.aspx
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fact maybe true. Bond investors with Þnite resources must make decisions on how to

invest. Long term buy-and-hold institutional investors may indeed make concerted

decisions about which primary bond issuances to invest their capital. These invest-

ment decisions may have Òcapital allocationÓ pricing spillovers to subsequent debt

issuers such that the amount of capital available to buy subsequent bond issuances

is reduced. Conversely, bond investors with greater liquidity needs, such as mutual

funds and hedge funds, not intending to hold debt instruments until maturity may be

more inclined to take a long position on credit risk through the CDS market instead

of the cash bond market. The reason why is that the cost of unwinding a long posi-

tion in the cash bond market can be signiÞcant due to its relatively illiquid nature.6

CDS markets on the other hand are signiÞcantly more liquid. The synthetic creation

of long positions through the CDS market entails lower transaction costs compared

to an outright bond purchase if the position needs to be unwound. Furthermore,

ÔnaturalÕ bond buyers intending to take leveraged bond positions may Þnd it more

e"cient to do so through the CDS market because of the lower costs associated with

closing out CDS positions than selling the underlying bond.

The liquidity needs from investment banks and hedge funds are likely to be such that

taking positions in CDS markets is a more cost e!ective investment strategy than

taking a long position in the cash bond market. Jiang and Zhu (2015) show that

even mutual funds have periodic liquidity needs which make taking positions in the

CDS market (especially selling) an attractive option relative to the underlying bond.

Lastly, Oehmke and Zawadowski (2015) argue that CDS markets are more likely to

emerge and are more active for highly fragmented debt issuances.7 High bond market

6See Alexanderet. al. (2000). Additionally, the National Association of Insurance Com-
missioners notes that life insurance companies account for over 60% of the insurance indus-
tryÕs total invested assets and life insurance companies are typically buy-and-hold investors (see
http://www.naic.org/capital markets archive/140911.htm).

7A lack of standardization protocols for debt issuance has led to a fragmented corporate bond
market. A fragmented market involves bonds being separately issued over multiple maturities,
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fragmentation is associated with high trading costs and lower bond market turnover.

Thus, in their terminology, CDS markets act as a ÒstandardizationÓ mechanism for

fragmented underlying reference bonds.

4.4 Data Description

Our panel dataset comprises three main data sources: CRSP/Compustat Merged

Database (Compustat), Mergent Fixed Income Securities Database (FISD) and Markit

CDS pricing database. The Compustat database provides quarterly fundamental and

market data for individual companies going back to 1962. We include balance-sheet

and rating data for all non-Þnancial Þrms between 2001 and 2014. Mergent FISD

is a comprehensive database of publicly o!ered U.S. bonds and provides details on

debt issuances and their respective issuers. Markit provides veriÞed reference data

for credit derivative quotes. This is used to indicate the onset of CDS trading for a

reference entity between 2001 and 2014.

We begin by merging Þrm-level Compustat data with FISD bond issuances using

six-digit Þrm CUSIP as a unique Þrm identiÞer. Changes or updates in Þrm CUSIPs

due to mergers and acquisitions may not be reßected on both databases. To increase

our sample-size, we set the FISD CUSIPs as a benchmark and update Þrm CUSIP

on Compustat by hand-matching by entity name and Þrst four digits of the unique

Þrm identiÞer for all Þrms with at least 10 debt issuances. This increases our sample

by 47 Þrms. We drop observations without maturity dates or treasury spreads, which

is the di!erence between the yield of the benchmark treasury issue and the underly-

ing issuance. Credit spreads, issuance amount and issuance maturity for Þrms with

currencies, structures and covenants. A more standardized market allows Þrms to diversify over
maturity as well as reduce risk of reÞnancing and avoid higher rates when credit markets can be
expensive.
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multiple debt issuances in a given quarter are consolidated to a single observation by

using issuance amount weights to ensure unique Þrm-quarter observations. We drop

all unrated Þrms as well as Þrms in either default or liquidation.

Markit data includes veriÞed daily CDS price quotes beginning in 2001. At this

point we want to emphasize that a price quote does not necessarily imply a CDS

transaction. Consequently, we take a conservative view with respect to the price

quotes and only keep the very Þrst price quote for a reference entity, and delete

subsequent quotes. A total of 649 unique-Þrm Þrst time CDS quotes are identiÞed,

which serve as identiÞcation of CDS trading. We sort the observations by year-quarter

and rating (two-digit NAICS) in order to create a CDS trading dummy variable

by rating class (industry). All contemporaneous reference entity CDS observations

that correspond to debt issuances are dropped from the COMPUSTAT/FISD data

because we are interested in the spillovers of those CDS contracts. Leaving the

contemporaneous CDS-debt issuance pairs would bias the results toward the primary

borrowing cost impact instead of the spillover e!ect. Our data set sample includes

860 unique Þrms with 2763 Þrm-issuance pairs between 2001 and 2014.

The CDS Trading dummy is used to identify the CDS treatment e!ect on other Þrm

borrowing costs along the ratings and industry channels. The variable takes the value

of 1 for quarters in which CDS trades are initiated, provided a CDS is issued prior

to the bond issuance date for a given quarter, and zero otherwise.8 The reason the

CDS variable is contemporaneous to debt issuances is two fold. First, capital used for

issuing CDS in prior quarters will continue to be used as collateral and will remain

unavailable for either purchasing new debt or issuing additional CDS until the CDS

contract expires or both parties agree to end derivative contract. Furthermore, be-

8A CDS issued after a debt issuance is unlikely to lead to borrowing cost spillovers since the Þrm
has already tapped the capital market when the CDS begins to trade.
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cause the amount of collateral that is posted is subject to mark-to-market valuation,

it is very di"cult to keep track of the changing collateral requirement. As the evolu-

tion of AIG collateral calls highlight, the rating of the CDS issuer a!ects the amount

of collateral they have to post. Thus, if the borrowing cost spillovers identiÞed at

time t are in one direction, they can move in either direction at timet + 1 depending

on numerous factors not necessarily pinned to the underlying bond. This Òdynamic

collateral adjustmentÓ spillover is an opportunity for future research and beyond the

scope of this paper. Moreover, a majority of CDS contracts have 5 year maturities

. Thus, one could construct the CDS trading variable for 20 consecutive quarters.

There are only 60 quarters in our dataset from 2001 and 2014, which would leave very

little time series variation within the CDS data if we account for the pre-existing CDS

markets in this manner. Lastly, CDS frequency variables along the ratings (industry)

channel are also constructed that are the quarter-sums of the number of underlying

Þrms for whom CDS are introduced.

4.5 Methodology and Empirical Analysis

This section describes the model used to test for borrowing costs spillovers as well as

the corresponding results.

4.5.1 Model

We estimate the following equation proposed by Ashcraft and Santos (2009) and

subsequently by Subrahmanyam, Wang and Tang (2014b) to test for borrowing cost

spillovers through the capital reallocation channel:

Credit Spreadi,j,t = # + +Tradingj,t + X $
i,t " 1! + Y

!

i,t &+ Z $
t , + $i,j,t .
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The bond spread is the credit spread (over the U.S. Treasury with the same maturity

as the bond) issued by Þrmi in credit rating (or industry) denoted j in quarter t.

We use S&P credit ratings from COMPUSTAT ( A+ through C). The industries

are the two-digit NAICS to which each Þrm belongs. There are 21 two-digit NAICS

with CDS trading on Þrms in the sample. Analyzing the data at the two-digit level

ensures that there are su"cient Þrms within each industry. Moreover, Fama and

French aggregate four-digit SIC industries into various industry groups. Two of their

portfolios consist of 17 industries and 30 industries.910 Thus, our two-digit NAICS

speciÞcation is granular enough to have meaningful Þrm groupings while containing

enough observations to draw inference.

The variableCDS Trading is a dummy variable that takes the value 1 in the quarter

in which a CDS is traded on a Þrm in the same rating class (or industry) as Þrm

i .11 This variable indicates the impact of CDS trading on borrowing costs for other

Þrms in the same rating (or industry) as the Þrm for which the CDS was introduced.

Hence, the parameter+ is our measure of borrowing cost spillovers.

The vector X $
i,t " 1 contains all Þrm speciÞc controls lagged by one quarter. These

include Ln Sales (the log of the ÞrmÕs sales), ProÞt Margin, Leverage, and Ratings.

Larger Þrms, as measured by Sales, are more likely to have additional resources to

pay o! debt and also may be better diversiÞed, thus should be less risky. Firms

with higher proÞt margins will have additional cash to pay o! debts, even if they are

relatively small in terms of total sales. Firms that are more leveraged may Þnd it

more di"cult to pay o! all of their debt obligations and could be considered more

9The Fama-French industry groupings can be found on Kenneth FrenchÕs website:
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data library.html.

10We leave the Fama and French industry speciÞcations for a future exercise to compare with our
NAICS speciÞcation.

11CDS Trading along rating (industry) channel takes value 1 provided the bond is issued prior to
CDS introduction in a given quarter.
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risky.

The bond speciÞc characteristics likely to a!ect credit spreads are contained in the

vector Y
!

i,t . They include Ln Amount (the log of the debt issuance amount),Ln Ma-

turity (the log of the bond maturity at issuance), and bond optionsCallable, Putable,

and Enhancements. Larger issuance amounts may contain more risk, or alterna-

tively they could reßect lower borrowing costs opportunities for the debt issuing Þrm.

Long-term debt maturities have greater exposure to interest rate and default risk, but

may reßect an extension of credita la Saretto and Tookes (2014) and Hirtle (2009).

Callable bonds give the issuer the option to call back their debt. The resulting uncer-

tainty in future cash ßows may induce an investor to seek additional compensation.

Putable bonds give bond purchasers the option to sell back at least a portion of the

issuance at a speciÞed price, thus ensuring a price ßoor. Consequently, putable bonds

are likely to carry lower credit risk. Enhancements may e!ect credit spreads either

way because bond buyers may require collateral to issue to riskier borrowers. Lastly,

Z $
t is a vector of industry and time dummies, which also include a time dummy for

the Þnancial crisis dating 2007q3-2009q2.

The most obvious concern about using the binary CDS variable we construct as an

identiÞcation strategy, as detailed in previous CDS studies (see Ashcraft and Santos

(2009), Subrahmanyam, Wang and Tang (2014b), and Saretto and Tookes (2014)) is

that CDS issuance may not be completely random. For example, it is reasonable to

assume that counter-parties trade in CDS because there is something fundamental

about the underlying reference entity that generates the demand for the CDS contract.

The endogeneity of CDS transactions is a concern if it is expected that the unobserved

component that generates the demand for the CDS contract is also correlated with

the likelihood of default and/or the price of credit risk.
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Before proceeding, we believe that the endogeneity of CDS introduction in our study

is less problematic than studies examining the e!ect of CDS on the underlying ref-

erence entity. In such cases, the concern must be with both idiosyncratic default

risk and aggregate default risk that is correlated across underlying debtors. It is

natural to assume that there may be something particular to the underlying security

which generates endogenous demand for CDS and also a!ects the cost of credit. It

is also natural to assume that aggregate shocks that signal bad times are likely to be

correlated with default risk and CDS issuance. However, since we are dealing with

spillover e!ects by ratings (industry) class and explicitly remove the contemporane-

ous CDS issuance on underlying debt issuances, our endogeneity concern is limited to

aggregate default risk. Therefore, we use a variety of robust speciÞcations in subse-

quent sections that are distinct from what the current CDS literature uses to address

endogeneity of CDS introduction.

4.5.2 Summary Data

Table 4.1 reports means and standard deviations below in parentheses for the main

data series used in the analysis. The Þrst column reports the data for all Þrms in the

sample, the second column includes only investment-grade Þrms (S&P rating: A+

through B+), and the third column includes only high-yield Þrms (S&P rating: B

through C). The main variable of interest is Credit Spread, which measures credit risk

associated with issuing bonds over and above a treasury bond with similar maturity.

The average credit spread for Þrms in the sample is 272 bps. The average bond

issuance is just over $500 million with a standard deviation of $1.19 billion. There

are a number of very large bond issuances which account for such dispersion around

the mean. The average bond maturity at issuance is 10.6 years.

Turning to the di!erence between investment-grade Þrms and high-yield Þrms, investment-
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Table 4.1: Summary Statistics

Full Sample Investment Grade High-Yield
Credit Spread 272.119 174.489 358.368

(201.472) (129.796) (213.829)
Amount 506.635 593.347 430.029

(1194.204) (1710.074) (301.84)
Maturity 10.577 11.32 9.92

(7.291) (8.452) (6.009)
Sales 4133.84 6434.204 2101.983

(9303.718) (12509.436) (4006.332)
ProÞt Margin 0.059 0.096 0.027

(0.274) (0.118) (0.355)
Leverage 0.32 0.277 0.358

(0.171) (0.137) (0.188)
Callable 0.961 0.944 0.975

(0.195) (0.229) (0.157)
Putable 0.001 0 0.001

(0.027) (0) (0.037)
Enhancement 0.128 0.1 0.153

(0.335) (0.301) (0.36)
Observations 2763 1296 1467

Table 4.2: Summary Statistics by CDS and Rating
Full Sample Investment Grade High-Yield

CDS=0 CDS=1 CDS=0 CDS=1 CDS=0 CDS=1
Credit Spread 270.323 274.921 170.468 184.181 389.421 324.251

(212.88) (182.306) (129.209) (130.864 ) (231.112) (187.38)
Amount 527.005 474.843 581.614 621.63 461.871 395.044

(398.283) (1845.164) (456.874) (3080.116) (302.083) (297.886)
Maturity 10.79 10.243 11.501 10.884 9.943 9.894

(7.713) (6.567) (8.619) (8.031) (6.371) (5.589)
Sales 5037.281 2720.744 7302.253 4338.517 2338.779 1841.065

(10932.204) (5639.308) (13785.532) (8338.888) (4713.024) (3025.429)
ProÞt Margin 0.064 0.053 0.102 0.083 0.018 0.036

(0.215) (0.346) (0.107) (0.142) (0.29) (0.416)
Leverage 0.312 0.332 0.272 0.288 0.36 0.356

(0.176) (0.162) ( 0.135) (0.14) (0.206) (0.168 )
Callable 0.974 0.940 0.964 0.897 0.986 0.963

(0.16) (0.238) (0.186) (0.304) (0.119) (0.189)
Putable 0 0.002 0 0 0 0.003

(0) (0.043) (0) (0) (0) (0.053)
Enhancement 0.143 0.106 0.11 0.076 0.182 0.122

(0.35) (0.308) (0.313) (0.266) (0.386) (0.327)
Observations 1684 1079 916 380 768 699
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grade Þrms carry lower credit spreads, issue more debt on longer maturities, have

higher sales, and are more proÞtable. Investment-grade Þrms also do not carry put

options, most likely because investment-grade debt is more liquid, thus allowing in-

vestors to more easily o!-load bonds in the secondary market rather than selling it

back to the issuer. Moreover, investment-grade debt, on average, has a lower incidence

of collateral enhancement.

Table 4.2 presents summary statistics by CDS issuance for similarly rated Þrms. For

example, CDS will equal one for an A rated Þrm who issues debt only in those quarters

whereother A rated Þrms have CDS introduced on their debt. Thus, the breakdown

in Table 4.2 is the average e!ect of having CDS issued for like rated Þrms. This data

is further broken down by investment-grade Þrms and high-yield Þrms. For the full

sample, on average, CDS issuances correspond to higher credit spreads for all other

Þrms issuing debt (270 bps versus 275 bps), even though the debt issuances raise

less capital ($475 million versus $525 million) and are issued on shorter notes (10.2

years versus 10.75 years). However, examining the data by investment-grade reveals

that CDS introduction may have heterogeneous e!ects on other similarly rated Þrms

issuing debt. Within the investment-grade sample, credit spreads for debt issued

without CDS exposure for similarly rated Þrms are priced at 170 bps versus 184 bps

when CDS are actively traded. However, the average debt issuance when CDS trade

is larger and Þrms are on average smaller in terms of total sales. Turning to the high-

yield debt, we see that CDS trading tends to correspond with lower credit spreads

for all other Þrms issuing debt of similar ratings. The debt issuances are also slightly

smaller and on shorter maturities. In other words, there are discernible di!erences in

the credit spread characteristics of debt issued by investment-grade versus high-yield

Þrms when CDS do and do not trade.

Figure 28 shows the trading frequency of the CDS Trading variable by ratings class.
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Time is measured on the horizontal axis from 2001-q1 through 2014-q4. The ver-

tical axis is a binary CDS trading variable constructed by ratings class. The zeros

correspond to no additional introduction of CDS for Þrms in the same rating class

where as the ones correspond to new CDS introduction. Visually we can see that the

trading patterns across asset class are not necessarily the same. Moreover, because

Figure 28 is constructed at the asset class level, it may not exactly correspond to the

CDS Trading variable for each individual Þrm within a given asset class because of

the time of the bond issuance relative to the introduction of the CDS. It is always

the case that time periods in which the CDS variable is zero in the Þgure will also be

zero for all Þrms in that same ratings class. There are instances in which some Þrms

issue debt before CDS begin trading for a particular quarter, in which case the Þrms

speciÞc CDS Trading variable will be zero where it is a one for the aggregate asset

class. The range of quarters for which the aggregate CDS Trading variable depicted

in Figure 28 is one and zero for an individual Þrm is 5 quarters for A+ rated Þrms

25 quarters for B- rated Þrms.

Table 4.3 is the industry analogue to the ratings data described in Table 4.2. For

example, instead of CDS taking the value one when a CDS for a similarly rated Þrm

trades, CDS in this table take the value one when CDS trade for Þrms in the same

two-digit NAICS. In the full sample, CDS trading on Þrms in the same industry reduce

credit spreads on average by 24 bps. A similar story holds for the investment-grade

and high-yield samples. CDS trading tends to correspond to lower credit spreads for

Þrms issuing debt in the same industry.

Lastly, Table 4.4 is a disaggregated breakdown of credit spreads for Þrms issuing debt

when CDS trade for similarly rated Þrms and Þrms in the same industry. The number

of observations for the corresponding industry or ratings class are reported in paren-

thesis below the credit spreads. Some industries are far more likely to see new CDS
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trading over the sample than others. Industries with the most active CDS trading

are Mining, Quarrying, and Oil and Gas Extraction, Utilities, and Manufacturing.

There are no CDS trading for Þrms classiÞed in Agriculture, Forestry and Fishing,

Other Public Administration, and UnclassiÞed Þrms. There is no clear indication

that CDS trading systematically a!ect borrowing cost for all other Þrms in the same

industry. Many industries show very large spread di!erences that are both positive

and negative. Lastly, note that even at a very high level of disaggregation (two-digit

NAICS), there are not enough observations for most of the industries to draw clear

inference. Thus, the industry analysis is reported only at the average industry level

and not disaggregated by industry.

For the ratings channel, A+ and A- rated Þrms appear to experience higher credit

spreads when issuing debt in quarters when other A+ and A- rated Þrms have active

CDS trading. On the other hand, A and B+ rated Þrms experience lower borrowing

cost when issuing debt with active CDS trading in the same ratings class. Within

the high-yield ratings, all three ratings classiÞcations show lower borrowing costs as

CDS trade for similarly rated Þrms.

4.5.3 Results

To determine whether or not CDS introduction inßuences borrowing costs for other

Þrms with the same rating (industry) class, we conduct two basic sets of regressions.

We Þrst consider if there are average spillovers by rating and/or industry that are not

speciÞc to a particular industry or rating. We then conduct the analysis taking into

account the borrowing cost e!ects, if any, that may di!er by rating and/or industry.

A more detailed and thorough analysis can be done by rating than by industry. We

therefore present the full set of results by rating in the main body of the paper. The

single set of regressions used for the industry analysis does not present evidence to
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Table 4.3: Summary Statistics by CDS and Industry
Full Sample Investment Grade High-Yield

CDS=0 CDS=1 CDS=0 CDS=1 CDS=0 CDS=1
Credit Spread 278.064 254.992 176.811 166.288 376.302 314.544

(207.134) (183.252) (132.751) (118.628) (218.764) (194.66)
Amount 504.708 512.184 566.639 687.667 444.621 394.372

(393.517) (2256.876) (458.849) (3539.915) (306.005) (288.671)
Maturity 10.673 10.298 11.433 10.923 9.936 9.878

(7.509) (6.618) (8.608) (7.879) (6.177) (5.586)
Sales 4574.132 2863.196 6997.625 4439.496 2222.877 1806.148

(10388.996) (4771.729) (13721.028) (6254.399) (4342.718) (3013.771)
ProÞt Margin 0.06 0.057 0.097 0.093 0.025 0.032

(0.287) (0.23) (0.099) (0.17) (0.388) (0.261)
Leverage 0.32 0.321 0.281 0.261 0.357 0.361

(0.173) (0.165) (0.142) (0.112) (0.191) (0.182)
Callable 0.969 0.937 0.956 0.902 0.981 0.96

(0.174) (0.243) (0.204) (0.298) (0.137) (0.196)
Putable 0 0.003 0 0 0 0.005

(0) (0.053 ) (0) (0) (0) (0.068)
Enhancement 0.141 0.091 0.109 0.07 0.173 0.106

(0.349) (0.288) (0.312) (0.255) (0.378) (0.308)
Observations 2051 712 1010 286 1041 426

suggest that an active CDS market, on average, leads to borrowing cost spillovers

for all other debt issuing Þrms in a statistically signiÞcant manner. A more detailed

analysis of the industry channel can be found in Appendix C.

4.5.3.1 Common Spillover E!ects

Table 4.5 shows the initial speciÞcation used to estimate borrowing cost spillovers

resulting from CDS trading on Þrms with the same rating. Equations (1)-(3) are

the full sample of Þrms, equations (4)-(6) are the investment-grade sub-sample and

equations (7)-(9) are the high-yield sub-sample. Equations (1), (2), (4), (5), (7),

and (8) are estimated with rating, industry, and time-Þxed e!ects. Standard errors

are clustered robust at the Þrm level. Equations (3), (6), and (9) include Þrm Þxed

e!ects. All t-statistics are reported in parentheses below the point estimates.

Equation (1) is the baseline speciÞcation. The variable CDS Trading is the estimated
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Table 4.4: Credit Spreads by CDS

Credit Spread Credit Spread
Industry CDS=0 CDS=1 Rating CDS=0 CDS=1
Agriculture, Forestry and Fishing 237.143 . A+ 118.419 137.973

(7) (0) (203) (37)
Mining, Quarrying, Oil and Gas 357.921 270.177 A 162.388 137.327

(221) (82) (219) (52)
Utilities 198.353 279.186 A- 162.388 203.984

(157) (80) (203) (69)
Construction 338.733 298.324 B+ 212.680 196.703

(92) (17) (283) (222)
Manufacturing 191.169 . B 306.034 274.297

(168) (0) (343) (304)
Manufacturing 269.688 212.803 B- 416.444 355.482

(282) (158) (277) (335)
Manufacturing 253.999 240.401 C 530.553 402.975

(319) (209) (148) (60)
Wholesale Trade 290.457 314.636

(63) (11)
Retail Trade 284.648 291.806

(101) (18)
Retail Trade 180.353 277.100

(61) (5)
Transportation 237.797 204.353

(87) (15)
Transportation 199.600 99

(9) (2)
Information 310.065 265.250

(161) (76)
Real Estate, Rental and Leasing 334.147 523.500

(45) (2)
Professional and Technical Services 312.608 341.500

(51) (8)
Administration and Support Services 325.933 275.083

(49) (6)
Healthcare 351.337 386.833

(73) (6)
Arts, Entertainment and Recreation 450.450 471

(30) (2)
Accommodation and Food Services 282.130 394.2

(60) (15)
Other Services 351.417 .

(12) (0)
UnclassiÞed 113.167 .

(3) (0)
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Table 4.5: Baseline Regression SpeciÞcation

Full Sample Investment Grade High-Yield
(1) (2) (3) (4) (5) (6) (7) (8) (9)

CDS Trading 7.194 6.315 4.686 24.63!! 25.32!! 14.19! -8.444 -16.82 -11.82
(1.05) (0.92) (0.85) (3.12) (3.17) (2.42) (-0.78) (-1.71) (-1.39)

Frequency -0.899 -0.542 -2.518 -4.283 -4.072 -4.438 4.356 5.425! 1.098
(-0.56) (-0.34) (-1.65) (-1.78) (-1.73) (-1.81) (1.85) (2.33) (0.44)

Financial Crisis 267.4!!! 260.6!!! 217.1!!! 241.6!!! 248.4!!! 423.8!!! 272.9!!! 271.3!!! 111.8!!

(11.13) (11.19) (8.78) (8.21) (8.29) (14.05) (6.84) (8.52) (3.06)
Ln Sales -48.06!!! -47.46!!! -35.74!!! -31.23!!! -33.66!!! -11.98 -52.45!!! -56.24!!! -35.84!!

(-14.38) (-11.86) (-3.50) (-8.57) (-7.99) (-0.83) (-10.57) (-9.71) (-2.96)
ProÞt Margin -130.5!!! -124.9!!! -83.56!!! -230.7!! -231.2!! -142.8 -124.4!!! -99.00!! -64.74!!

(-3.84) (-3.68) (-3.59) (-2.90) (-2.79) (-1.38) (-3.46) (-3.01) (-2.88)
Leverage 202.5!!! 197.1!!! 158.0!!! 134.1! 134.3! 162.9! 227.3!!! 223.4!!! 139.3!

(7.15) (7.04) (3.51) (2.57) (2.55) (2.17) (6.70) (7.39) (2.55)
Ln Amount 1.516 3.467 6.625 3.957 -2.503 4.769

(0.28) (0.72) (1.28) (0.86) (-0.27) (0.54)
Ln Maturity -29.11 !!! -9.967 3.030 8.358 -76.70!!! -43.43!!!

(-4.52) (-1.70) (0.52) (1.71) (-6.41) (-3.52)
A 6.934 4.977 5.518 3.293

(0.40) (0.28) (0.50) (0.29)
A- 19.70 19.45 16.62 15.13

(1.19) (1.15) (1.24) (1.15)
B+ 41.20!! 38.92! 36.72!! 33.21!

(2.62) (2.38) (2.81) (2.58)
B 104.3!!! 102.0!!!

(6.55) (6.20)
B- 172.8!!! 168.1!!! 70.47!!! 63.09!!!

(9.02) (8.59) (4.94) (5.00)
C 229.3!!! 222.4!!! 128.7!!! 110.2!!!

(10.22) (9.74) (6.87) (5.97)
Callable 24.13 7.892 6.472 5.827 49.73! 27.52

(1.93) (0.71) (0.48) (0.57) (2.06) (1.24)
Putable 33.59 151.9!!! 11.19 38.12

(0.66) (3.82) (0.18) (0.32)
Enhancement 27.17!! 15.52 17.31 2.614 28.06! 16.28

(2.79) (1.34) (1.03) (0.12) (2.29) (1.19)
Constant 519.1!!! 547.3!!! 380.1!!! 382.9!!! 295.2!!! 75.66 588.6!!! 914.7!!! 451.9!!!

(12.78) (8.41) (4.25) (10.95) (4.65) (0.50) (11.03) (8.82) (3.64)
Time FE X X X X X X X X X
Ratings FE X X X X X X X X X
Industry FE X X X X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X X X X
Observations 2734 2734 2734 1280 1280 1280 1454 1454 1454
R2 0.609 0.614 0.532 0.556 0.559 0.592 0.511 0.585 0.580

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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average borrowing cost spillover to Þrms who issue debt contemporaneously to active

CDS trading for Þrms with identical rating. A positive coe"cient adversely a!ects

a debt issuing Þrm due to an increase in borrowing cost. We characterize this as a

negative borrowing cost spillover. Similarly a negative coe"cient corresponds to a

positive spillover due to a decrease in borrowing cost. There is no evidence to suggest

that an active CDS market, on average, alters borrowing costs for all other debt issuing

Þrms in a statistically signiÞcant manner. This is consistent with existing literature

that CDS do not seem to have much impact on averageevenfor the Þrms with active

CDS exposure on their debt (see Ashcraft and Santos (2009), Hirtle (2009)). None of

the full sample point estimates on CDS Trading are signiÞcantly di!erent from zero,

even though they are consistently positive and relatively stable around 4.5-7 bps. The

frequency variables measure the total number of CDS contracts that actively trade

for a given rating class in a particular quarter. The logic is that a more active CDS

market may further alter the demand for bonds as more collateral is used to issue

CDS contracts as well as purchase CDS than a relatively quiet CDS market. The

estimate, however, is not signiÞcantly di!erent from zero.

Equation (2) adds bond controls. One concern would be that the e!ects of CDS

are actually explained by the di!erent bond covenants and options. The estimated

coe"cients indicate that bond controls do not explain the borrowing cost spillovers

estimated in equation (1). In subsequent analysis, we report for brevity the full spec-

iÞcation with bond controls in Equation (2) since bond controls do not change any of

the results. Lastly, Equation (3) includes bond controls and Þrm Þxed e!ects. Firm

Þxed e!ects considers something fundamental about each Þrm issuing debt that is

not systematically captured by the pooled OLS regression model and adjusts for it

by including a Þrm speciÞc intercept. The results on the CDS trading are largely un-

changed with this speciÞcation. However, the tradeo! associated with this approach
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is the loss of 860 additional degrees of freedom in a sample of 2734 observations.

The remainder of the coe"cients have the expected signs with the exception of

Putable (bond put option). This may be because only 0.1% of the sample consists of

bonds with a put option. The ratings coe"cients are the borrowing cost di!erences

relative to a Þrm with an A+ rating. Neither estimate for A or A- rated Þrms is

signiÞcant. This suggests that the di!erences in borrowing costs between Þrms in

the A ratings classes (A- to A+) are not statistically di!erent from one another once

Þrm and bond characteristics are taken into account. The negative sign on maturity

suggests that term-structure and credit spread are jointly determined for the average

Þrm.

Partitioning the data into investment-grade and high-yield provides insight into why,

on average, CDS do not impact the borrowing cost for similarly rated Þrms. Consider

equations (4)-(6) which are the baseline regressions speciÞcally for investment-grade

Þrms. The average investment-grade Þrm experiences an increase in credit spread

ranging from 14 bps to 25 bps, depending on whether Þrm Þxed e!ects are included,

when CDS are introduced for Þrms within the same rating class. The positive coef-

Þcients correspond to a negative spillover for investment-grade Þrms. Our interpre-

tation of this result is that bond investors who purchase investment-grade assets are

selling CDS to take an equivalent long position on the bond. The return to selling a

CDS is the net present value of the premiums received for selling the asset relative

to the amount of collateral required to issue credit derivatives.12 Taking a long posi-

tion in the CDS market e!ectively allows an investor to take a leveraged position on

the bond. Adam and Guettle (2010) document that mutual funds have increasingly

become net sellers of CDS protection, not only in the single-name CDS market, but

12see Che and Sethi (2014), Darst and Refayet (2013) and Fostel and Geanakoplos (2014).
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also through CDS indexes. Additionally, Daset. al. (2014) suggest that the CDS

market may have made the bond market more illiquid and less e"cient, to which

they attribute investors not actively participating in bond markets because they have

substituted into the CDS markets. Our results suggest that a heretofore neglected

impact of investors moving from the corporate bond market to the CDS market is

that borrowing costs may rise even for Þrms whose debt is not the basis for CDS

contracts.

The point estimate of a 14 to 25 bps change for investment grade bonds due to

the introduction of CDS is economically very large. The average credit spread for

investment grade debt in the sample is 175 bps. Thus the CDS impact ranges from

8% or 14% of the cost of acquiring debt Þnancing. It is possible that these estimates

are capturing additional information other than a pure spillover e!ect. We therefore

consider this aqualitative exercise Þrst and foremost and not aquantitative one. Our

current goal is to provide evidence that the cost of debt Þnancing changes as CDS

are introduced rather than pin down a precise estimate.

The results for the high-yield sample do not indicate borrowing cost changes, on

average, for similarly rated Þrms. The negative point estimates (positive spillover)

range from -8 bps to -16 bps, but are not statistically di!erent from zero. Increased

frequency always indicate higher borrowing costs, but it is not robust to the Þrm

Þxed e!ect speciÞcation. Equation (7) suggests that an additional CDS contract

(typically CDS contracts are written with a $5 million notional amount), will increase

borrowing costs for similarly rated Þrms by 5 bps. However, with Þrm Þxed e!ects,

the estimate is only 1 bp, and not signiÞcant at any standard level. Not surprising,

the set of bond characteristics are more likely to explain credit spreads for high-yield

debt relative to investment-grade. This suggests that the cost of credit to high risk

borrowers maybe more responsive to particular contractual terms and covenants than
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investment-grade Þrms. Lastly, the negative sign on maturity suggests that high-yield

bonds are driving the negative estimate at the aggregate level. One interpretation is

that investment-grade creditors can typically choose along the entire term-structure

and pay higher borrowing costs for longer maturities. High-yield issuers on the other

hand typically cannot borrow with longer maturities. Thus, when a Þrm does issue

longer notes it is because the Þrm is already viewed as less risky relative to other

high-yield counterparts.13

4.5.3.2 Di!erential Spillover E!ects

The previous section suggests that CDS induced spillovers vary based on investment-

grade and high-yield Þrms. We can now investigate whether or not the borrowing

cost spillovers generalize to all ratings within the investment-grade and high-yield risk

classes. SpeciÞcally, we add to the baseline model interaction terms for each rating

class.

Table 4.6 highlights the main results. Equations (1) and (2) are the results from

the full sample of Þrms with Þrm and bond characteristics, estimated with time,

rating, and industry Þxed e!ects. All standard errors are clustered robust at the Þrm

level. Equation (2) adds Þrm Þxed e!ects. The CDS Trading interaction variables

indicate the marginal impact of CDS trading on that class of Þrm. For example, the

coe"cient on A+ (CDS Trading x A+) of 52.58 bps indicates a negative spillover since

A+ Þrms borrow on average at 52 bps higher when CDS trade onother A+ Þrms.

Similarly, A- and B+ Þrms also borrow at higher rates when CDS are actively trading

13Diamond (1991) shows that risky Þrms will tend not to issue very short term debt such as
commercial paper in order to avoid ine"cient liquidation. The only types of debt available to risky
borrowers will be short term debt vial private placement and banks. Safe credits can issue very
shorter term commercial paper or long term notes. Intermediate credits issue in the middle of the
maturity curve. Guedes and Opler (1996) Þnd that large safe Þrms tend to issue both long and short
term debt while risky Þrms issue on intermediate terms.
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Table 4.6: Regression By Ratings Class

Full Sample Investment Grade High-Yield
(1) (2) (3) (4) (5) (6)

CDS Trading % A+ 52.58 """ 40.69""" 36.31"" 22.46"

(3.64) (4.25) (3.15) (2.22)
CDS Trading % A 19.72 0.404 2.403 -15.95

(0.92) (0.02) (0.11) (-0.65)
CDS Trading % A- 56.58""" 59.82""" 39.77"" 38.04""

(3.82) (4.10) (2.71) (2.81)
CDS Trading % B+ 44.29 """ 36.87""" 22.94 10.76

(3.67) (3.54) (1.71) (1.01)
CDS Trading % B 0.112 6.842 -1.240 14.14

(0.01) (0.68) (-0.10) (1.12)
CDS Trading % B- -11.65 -30.06" -5.658 -20.92

(-0.77) (-2.24) (-0.38) (-1.58)
CDS Trading % C -106.1""" -74.12"" -84.06"" -53.43"

(-3.94) (-2.60) (-3.25) (-2.04)
Frequency -0.589 -2.084 -3.363 -3.602 3.210 -0.484

(-0.37) (-1.39) (-1.34) (-1.47) (1.34) (-0.20)
Financial Crisis 263.3 """ 101.4"" 247.8""" 255.0""" 268.4""" 101.9""

(11.38) (2.73) (8.22) (4.97) (8.45) (2.83)
Ln Sales -47.44""" -35.91""" -33.82""" -15.03 -55.91""" -35.75""

(-11.98) (-3.76) (-7.82) (-1.01) (-9.72) (-3.02)
ProÞt Margin -122.1 """ -77.84""" -231.6"" -145.1 -99.51"" -61.73""

(-3.66) (-3.48) (-2.82) (-1.41) (-3.04) (-2.79)
Leverage 198.0""" 159.1""" 135.0" 164.2" 224.6""" 139.9""

(7.12) (3.55) (2.55) (2.17) (7.44) (2.65)
Ln Amount 2.421 4.087 7.099 4.798 -2.699 3.322

(0.44) (0.85) (1.31) (1.08) (-0.30) (0.37)
Ln Maturity -28.58 """ -8.420 3.249 8.626 -76.25""" -42.41"""

(-4.44) (-1.47) (0.56) (1.77) (-6.38) (-3.45)
A+ 0 0 0 0

(.) (.) (.) (.)
A 8.366 8.753

(0.41) (0.65)
A- 13.73 12.63

(0.82) (0.97)
B+ 29.18 34.45 ""

(1.72) (2.62)
B 112.2""" 0 0

(6.61) (.) (.)
B- 186.0""" 64.97"""

(8.63) (3.98)
C 263.0""" 132.2"""

(10.84) (6.62)
Callable 28.76" 8.037 5.595 2.804 49.30" 24.46

(2.25) (0.70) (0.41) (0.25) (2.02) (1.11)
Putable 33.48 151.7""" 2.451 22.57

(0.64) (3.85) (0.04) (0.19)
Enhancement 28.63"" 15.03 17.09 2.532 29.23" 15.82

(2.95) (1.30) (1.01) (0.11) (2.37) (1.15)
Constant 534.2 """ 488.6""" 286.8""" 257.1" 930.2""" 485.0"""

(7.86) (5.95) (4.49) (2.09) (8.99) (3.91)
Time FE X X X X X X
Ratings FE X X X X X X
Industry FE X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X
Observations 2734 2734 1280 1280 1454 1454
R2 0.622 0.545 0.560 0.596 0.588 0.583

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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on Þrms within the same rating class. The disaggregated results by asset rating

substantiate the baseline investment-grade results from Table 4.5. The conjecture

again is that natural bond buyers are moving into CDS markets to take a more levered

long position on investment-grade debt, resulting in decreased demand for corporate

bonds, suppressing bond prices and increasing spreads. The results are robust for

A+ and A- rated Þrms when partitioning the data into two separate samples, but not

for B+ rated Þrms. The coe"cients remain positive in the sub-sample, but are not

signiÞcant. The coe"cients on the control variables are largely consistent with the

baseline results from Table 4.5.

The borrowing cost spillover results are mixed for high-yield Þrms. The estimated co-

e"cients are negative (positive spillover) to C rated Þrms with a magnitude of 106 bps

without Þrm Þxed e!ects and 74 bps with Þrm Þxed e!ects. The point estimates are

also negative for B- rated Þrms but are signiÞcant only with Þrm Þxed e!ects, although

the qualitative estimate is consistent across both speciÞcations. These estimates are

quite sensitive to the Þrm Þxed e!ects speciÞcation and split sample analysis. For

example, the coe"cients for the set of marginal impacts of having CDS trading for

B- and C rated Þrms are, respective [-7 bps, -29 bps, -2 bps and -21 bps] and [-48

bps, -92 bps, -45 bps, and -76 bps]. Moreover, only the coe"cient for C rated debt

signiÞcant at the 90% level, and that is only with Þrm Þxed e!ects. In other words,

the evidence of borrowing cost spillovers for high-yield Þrms is only mildly suggestive

that the lowest quality Þrms may actually beneÞt from CDS introduction.

4.5.3.3 Discussion of Main Results

Shim and Zhou (2014) Þnd that CDS act to Òjump-startÓ Asian corporate bond mar-

kets in the sense that they provide liquidity to otherwise under-developed and illiquid

bond trading. It is possible that this e!ect is also what drives the lower borrowing
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costs for C rated Þrms. If one considers the U.S. bond market as split between a

relatively liquid investment-grade sector and an illiquid and under-developed high-

yield sector, active CDS trading may have di!erent impacts on the two classes of

Þrms. Arseneauet. al. (2015) show how liquidity in secondary market trading can

inßuence borrowing in the primary market. If CDS a!ect the liquidity in corporate

bond markets for high-yield debt, this may in turn get priced into credit spreads at

issuance for similar Þrms and explain the lower borrowing costs for certain classes

of high-yield debt. Existing studies on CDS/bond market liquidity focus mainly on

investment grade debt. Daset. al. (2014) argue that CDS have made the U.S.

corporate bond market more illiquid depending on the measure of liquidity used.14

Liquidity measures based on bond turnover indicate that CDS have made bond mar-

kets more illiquid. However, their sample of bond trades only considers Þrms who are

publicly listed on a stock exchange, and 90% of their bond transaction data are on

investment-grade securities. Therefore the increase in borrowing costs due to CDS

introduction among certain classes of investment-grade debt is also consistent with

the decreased liquidity channel Daset. al. (2014) identify.

Our results indicate one should think about the e!ects of CDS on U.S. corporate

bonds as heterogeneous across the two classes of bonds. Oehmke and Zawadowski

(2015) provide a plausible mechanism by which CDS potentially increase liquidity to

the high-yield sector through basis trading. They show that basis trading, where an

arbitrage seeking trader holds a portfolio consisting of the underlying bond and the

corresponding CDS, is most likely to occur when there is a large discrepancy between

the costs of trading CDS and the underlying bond. Trading costs for illiquid high-
14Das et. al. use the following liquidity measures: 1) the number of trades in the underlying

bond; 2) The dollar volume of trading; 3) the turnover of the underlying bond deÞned as the trading
volume as a percentage of the underlying amount; 4) augmented versions of the LOT measure used
by Das and Hanouna (2010) which e!ectively capture the portion of trading days in the underlying
bond with activity; 5) the Amihud (2002) illiquidity measure which captures the average daily, bond
return weighted by today daily trading volume; and 6) The Roll impact illiquidity measure used for
low frequency data which measures the covariance of price movements between consecutive trades.
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yield bonds are typically higher than liquid investment-grade bonds. Basis trading

therefore can lead to increased demand for bonds and increased bond prices. Finally,

according to Pensions & Investments Online, hedge funds have increased their Þxed-

income arbitrage strategies steadily to the point where assets under management in

Þxed-income arbitrage funds are equivalent to the assets under management in equity

funds.15 While it is not clear that hedge fund Þxed income arbitrage positions have

gravitated toward high-yield assets, this possibility cannot be ruled out as further

evidence that basis trading through CDS has potentially lowered borrowing costs for

C rated Þrms. We leave this as an avenue for further exploration.

One concern that the positive borrowing cost spillovers we identify for C rated Þrms

is that we are simply capturing increased securitization, which could make it easier

to repackage and sell o! credit risk. (Du"e (2008)). We are partially assuaged

by the fact that Nadauld and Weisbach (2012) Þnd that Þrms with B rated debt

are most likely to have their loans securitized. Our estimates indicate that there

is no borrowing cost spillover to B rated debt, much less a consistent qualitative

e!ect depending on speciÞcation. The coe"cients on B rated Þrms alternate between

positive and negative depending on if Þrm Þxed e!ects are included.

To sum up, the baseline and interaction speciÞcations Þnd that CDS trading has very

di!erent borrowing cost spillover implications for investment-grade versus high-yield

Þrms; investment-grade Þrms borrow on worse terms and high-yield Þrms borrow on

better terms. One possible explanation is that investors treat the corporate debt

market very di!erently along the investment-grade/high-yield rating split. Thus,

the higher borrowing costs estimated for investment-grade Þrms due to derivative

trading may be because capital is re-allocated capital away from the bond market

15See Article: http://www.pionline.com/article/20130121/PRINT/301219990/Þxed-income-
hedge-fund-assets-emerge-on-top
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into the derivative market. Conversely, derivative trading in high-yield bonds may

lower borrowing costs due to a potential jump-start liquidity provision e!ect in the

primary bond market.

4.6 Robust Analysis

The main caution in interpreting the results thus far is the possibility that CDS in-

troduction is endogenous to corporate credit risk. For example, investors may buy

CDS (i.e. CDS Trading equals one) because they view a Þrm as likely to default

on its debt obligations. Hence, the price of credit risk and demand for CDS will be

co-determined. The existing empirical CDS literature typically uses matched sample

and/or di!erence-in-di!erence estimators as robustness checks (see Ashcraft and San-

tos (2009), Saretto and Tookes (2014), and Subrahmanyam, Wang, and Tang (2014)

for examples). Studies in the literature typically construct a matched sample of Þrms

with characteristics similar to those in the CDS sample, but do not have CDS ac-

tively trading on their debt. The interpretation is that any di!erence in borrowing

costs between the matched and CDS sample is due to the random introduction of

CDS. However, we are not a!orded this luxury. The baseline analysis in this paper

consists of Þrms that would already be in the matched sample. Hence, we are unable

to conduct a matched sample analysis. Therefore, we conduct robustness analysis

along several di!erent avenues.

4.6.1 Instrumental Variable (IV) Analysis

We instrument for contemporaneous CDS introduction by using the CDS introduction

variable from the prior quarter (1 quarter lag). To the extent that liquid CDS markets

consistently capture up-to-date default risk information, previous quarter investor
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Table 4.7: Baseline IV Regression
Full Sample Investment Grade High-Yield

(1) (2) (3) (4) (5) (6) (7) (8) (9)
CDS Trading Rating 78.55 120.4 241.9 87.18 77.29 105.2 -226.4 -245.1 64.72

(0.20) (0.31) (0.32) (0.85) (0.79) (0.76) (-0.53) (-0.54) (0.50)
Frequency -5.811 -8.477 -17.98 -9.488 -8.259 -12.36 20.64 21.32 -2.539

(-0.21) (-0.32) (-0.34) (-0.97) (-0.88) (-0.89) (0.70) (0.70) (-0.27)
Financial Crisis 254.5 """ 240.1""" 239.6 240.0""" 247.3""" 252.8""" 348.9"" 342.0" 284.0"""

(3.35) (3.33) (1.43) (8.25) (8.41) (8.00) (2.58) (2.39) (5.43)
Ln Sales -48.71""" -48.13""" -39.68""" -31.86""" -34.36""" -31.60" -60.24""" -56.42""" -32.64"""

(-12.68) (-11.42) (-4.05) (-8.73) (-8.08) (-2.15) (-10.66) (-9.26) (-3.33)
ProÞt Margin -130.5 """ -124.6""" -91.98"" -209.9"" -213.2"" -119.2" -106.0"" -97.69"" -68.61"""

(-3.87) (-3.75) (-2.84) (-2.79) (-2.74) (-2.21) (-2.98) (-2.78) (-4.10)
Leverage 209.0""" 207.8""" 168.5""" 135.5"" 136.2"" 136.3" 219.6""" 202.4""" 162.3"""

(4.58) (4.57) (4.32) (2.65) (2.65) (2.55) (4.45) (3.80) (3.38)
Ln Amount 1.370 -0.755 7.078 2.334 4.416 2.119

(0.23) (-0.07) (1.31) (0.47) (0.27) (0.21)
Ln Maturity -28.82 """ -9.287 3.189 8.188 -92.40""" -43.39""

(-3.44) (-1.06) (0.55) (1.41) (-3.76) (-3.28)
Callable 29.58 23.44 9.488 15.64 55.14" 25.45

(1.14) (0.42) (0.52) (0.75) (2.08) (1.02)
Putable -6.466 -37.79 128.2 -50.27

(-0.05) (-0.06) (0.51) (-0.27)
Enhancement 24.37 6.621 17.69 2.137 29.20 10.70

(1.96) (0.22) (1.06) (0.15) (1.84) (0.72)
A 2.071 -2.103 0.281 -1.259

(0.07) (-0.08) (0.02) (-0.11)
A- 10.18 5.647 7.265 7.069

(0.22) (0.13) (0.40) (0.40)
B+ 26.73 16.01 24.09 22.27

(0.32) (0.20) (1.10) (1.04)
B 89.24 78.11

(1.02) (0.93)
B- 156.0 141.9 73.70""" 67.51"""

(1.63) (1.56) (4.04) (4.00)
C 219.9""" 206.9""" 109.2""" 95.19""

(3.40) (3.37) (3.68) (2.88)
Constant 546.0 """ 582.6""" 480.6"" 406.0""" 306.0""" 264.1 799.1""" 876.2""" 536.5"""

(3.84) (4.70) (2.71) (8.27) (4.67) (1.87) (14.06) (6.27) (3.97)
Time FE X X X X X X X X X
Ratings FE X X X X X X X X X
Industry FE X X X X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X
Observations 2680 2680 2680 1259 1259 1259 1421 1421 1421
R2 0.596 0.578 0.303 0.537 0.547 0.528 0.451 0.452 0.554

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001

decisions to purchase CDS should not a!ect current default risk as compared to the

contemporaneous decision to buy CDS.

Note that the CDS Trading variable is a binary variable. However, we do not use

a non-linear estimator in the Þrst stage of the two-stage estimation procedure due

to the ÒForbidden RegressionÓ problem identiÞed by Hausman (2001). Thus, we use

a linear probability model in the Þrst step and acknowledge that the IV estimate

will be less e"cient compared to the pooled-OLS estimates obtained in the main

results section. The results of the 2sls-IV estimation for the baseline speciÞcation are
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Table 4.8: IV Regression by Rating Class
Full Sample Investment Grade High-Yield

(1) (2) (3) (4) (5) (6)
CDS Trading % A+ 329.702 157.072 52.963 8.370

(1.12) (0.23) (0.85) (0.15)
CDS Trading % A 254.120 134.146 16.801 28.442

(1.02) (0.20) (0.24) (-0.44)
CDS Trading % A- 425.525 398.047 101.767 99.502

(1.18) (0.33) (1.13) (0.93)
CDS Trading % B+ 394.917 301.841 56.573 41.116

(0.96) (0.27) (0.55) (0.38)
CDS Trading % B 300.342 209.753 826.780 26.601

(0.90) (0.28) (-0.32) (0.17)
CDS Trading % B- 206.237 65.059 -1219.373 -170.845

(0.58) (0.07) (-0.35) (-0.67)
CDS Trading % C -202.576 -218.546 -2092.466 -467.597

(0.43) (0.23) (-0.42) (-1.50)
Frequency -19.41 -13.08 -5.512 -5.210 61.71 0.984

(-0.77) (-0.22) (-0.53) (-0.47) (0.34) (0.07)
Financial Crisis 222.0 "" 273.1 245.7""" 254.0""" 651.8 368.9"""

(3.17) (1.35) (8.21) (8.80) (0.60) (3.95)
Ln Sales -47.54""" -38.86""" -34.45""" -32.80"" -47.61" -35.43""

(-9.57) (-4.12) (-7.61) (-2.60) (-2.10) (-3.05)
ProÞt Margin -114.9 """ -69.31 -219.6"" -144.6""" -80.49 -41.39

(-3.84) (-1.88) (-2.84) (-3.49) (-0.87) (-1.59)
Leverage 225.9""" 185.1"" 138.8"" 165.2""" 131.0 145.8"

(5.30) (2.64) (2.67) (4.57) (0.45) (2.19)
Ln Amount 2.890 0.469 7.521 3.684 17.94 1.262

(0.41) (0.06) (1.29) (0.75) (0.27) (0.11)
Ln Maturity -26.13 "" -4.986 3.352 8.532 -122.1 -45.78""

(-3.04) (-0.59) (0.56) (1.56) (-0.95) (-2.92)
Callable 47.19 14.38 5.279 0.0179 37.52 11.68

(1.85) (0.26) (0.31) (0.00) (0.47) (0.40)
Putable -75.56 7.789 469.1 71.16

(-0.64) (0.01) (0.32) (0.29)
Enhancement 27.70" 9.995 17.88 4.054 48.19 19.61

(2.17) (0.29) (1.09) (0.30) (0.71) (1.09)
A -2.130 6.142

(-0.09) (0.41)
A- -38.48 -2.186

(-0.72) (-0.10)
B+ -58.37 24.13

(-0.55) (0.88)
B 43.28

(0.55)
B- 154.2 280.5

(1.63) (0.50)
C 325.7"" 413.3

(3.28) (0.75)
Constant 617.2 """ 458.2""" 298.7""" 265.3" 923.4"" 590.1"""

(5.44) (3.54) (4.61) (2.14) (2.58) (3.76)
Time FE X X X X X X
Ratings FE X X X X X X
Industry FE X X X X X X
Firm FE X X X
Clus. Robust SE X X X
Observations 2680 2680 1259 1259 1421 1421
R2 0.367 0.239 0.553 .5871 . .3989

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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presented in Table 4.7. Equations (1)-(3) are the full sample of Þrms, equations (4)-

(6) are the investment-grade sub-sample, and (7)-(9) are the high-yield sub-sample of

Þrms. Equation (1) is the basic speciÞcation without bond controls, equation (2) adds

bond controls to test whether the results are sensitive to bond covenants and options,

and equation (3) is estimated with Þrm Þxed e!ects. The estimates of the control

variables across speciÞcations are consistent with the contemporaneous CDS Trading

Dummy speciÞcation. The estimate of the CDS Trading dummy is not signiÞcant,

but the signs are all consistent with the baseline estimates across speciÞcations and

sub-samples. This is not surprising due the relatively ine"cient estimate of the linear

probability IV. Thus, the lagged IV results do not entirely contradict the Þndings of

the contemporaneous CDS dummy speciÞcation.

Table 4.8 adds the rating interaction terms to the IV analysis. The results are qual-

itatively similar for all ratings classes to the contemporaneous results. The results

are not statistically signiÞcant for any ratings class. To summarize, the lagged IV

analysis does not refute or contradict the Þndings from the contemporaneous CDS

analysis. Most likely, the lack of statistical signiÞcance stems from the ine"cient

linear probability estimates. In some sense, the lagged IV estimates are agnostic on

the issue of endogenous CDS introduction.

4.6.2 Additional Demand for CDS

In this sub-section we consider additional variables that may be correlated with the

demand for CDS. If the demand for CDS is co-determined with the cost of credit, then

CDS introduction is not an exogenous event. We include in the baseline regressions

the following additional exogenous regressors.Earnings Volatility and Market-to-

Book Value. Since market values only exist for publicly traded Þrms, our sample of

debt issuances is biased toward Þrms that are more transparent. Firms with more
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earnings volatility may be viewed as more risky and more likely to default due to cash

ßow problems. High market-to-book value could reßect high growth potential which

could be sensitive to times of distress, it could also serve as an indicator that debtors

have access to alternative methods of Þnancing in the event of default.

Table 4.9 shows the results of the publicly traded sub-sample with the additional

explanatory variables included. Equations (1) and (2) report the results for the full

sample of publicly traded Þrms. The borrowing cost spillovers due to CDS trading

on similarly rated Þrms are largely consistent with the full sample of Þrms from

the regression results in Table 4.6. For example, the positive coe"cients present

evidence that borrowing costs are rising for investment-grade publicly-traded Þrms

across numerous ratings classes. This is consistent across the sub-sample of only

investment-grade Þrms as well, and is shown in equations (3) and (4). Additionally,

the negative coe"cients (positive spillover) for C rated Þrms remain for both the full

sample as well as the high-yield sub-sample. Again, the signiÞcance of the results

are sensitive to Þrm Þxed e!ects even though the negative sign and magnitudes are

roughly the same. The spillover results for B and B- rated Þrms are not signiÞcant

and highly sensitive to the Þrm Þxed e!ects speciÞcation. Thus, the moderate support

for positive spillovers (negative coe"cients) to high-yield Þrms carries over to publicly

traded Þrms as well.

Table 4.10 shows the regression results for privately held (non-publicly traded) Þrms.

The negative borrowing cost spillover (positive coe"cient) on A+ rated Þrms is very

close in magnitude to the publicly traded and full sample results, giving further

strength to the interpretation that CDS trading may pull natural bond buyers of

investment-grade ÞrmsÕ debt out of the bond market and into the CDS market, de-

pressing bond prices. As with the full sample and publicly traded sample, the spillover

results for high-yield Þrms are not as strong. In fact, for the privately held sub-sample,
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Table 4.9: Publicly Traded Sample
Full Sample Investment Grade High-Yield

(1) (2) (3) (4) (5) (6)
CDS Trading % A+ 22.10 49.37 """ 27.88 51.96"""

(0.68) (3.52) (1.20) (3.47)
CDS Trading % A 44.71" 38.47"" 44.32"" 38.59""

(2.33) (3.21) (3.18) (2.79)
CDS Trading % A- 47.19 22.97 35.86 -7.145

(1.90) (1.22) (1.25) (-0.42)
CDS Trading % B+ 56.21 "" 46.21"" 39.41 34.12

(2.69) (2.83) (1.48) (1.62)
CDS Trading % B -11.40 5.556 -29.18 10.55

(-0.68) (0.43) (-1.30) (0.48)
CDS Trading % B- 8.959 -17.39 12.02 -2.573

(0.42) (-0.94) (0.53) (-0.13)
CDS Trading % C -76.05 -121.5"" -98.77 -98.81"

(-1.24) (-2.88) (-1.61) (-2.24)
Frequency -6.250 -7.829 -11.89 -13.01" 4.349 -8.196

(-1.10) (-1.38) (-1.89) (-2.03) (0.43) (-0.71)
Financial Crisis 254.9 """ 200.6""" 247.1""" 398.1""" 254.8""" 650.4"""

(10.68) (10.91) (7.92) (20.88) (7.58) (5.22)
Ln Sales -46.24""" -45.68"" -33.14""" -25.97 -54.03""" -36.24

(-9.25) (-3.21) (-6.79) (-1.28) (-6.74) (-1.95)
ProÞt Margin -94.78 "" -64.78""" -128.9" -13.85 -76.65" -48.05"

(-2.60) (-3.41) (-2.15) (-0.24) (-2.13) (-2.44)
Leverage 176.5""" 76.84 63.55 4.740 233.4""" 94.91

(5.15) (1.45) (1.40) (0.07) (5.46) (1.28)
Market-to-Book -0.0363 0.00820 0.0756 0.0759 -0.120""" -0.00665

(-1.22) (0.37) (1.58) (1.41) (-3.85) (-0.05)
Earnings Volatility 8.363 -0.703 -17.04 -15.84 14.10 " 2.967

(1.24) (-0.14) (-1.57) (-1.29) (2.10) (0.35)
Ln Amount -4.411 -5.642 -0.526 -3.380 -12.19 -4.358

(-0.62) (-0.85) (-0.09) (-0.48) (-0.97) (-0.36)
Ln Maturity -23.21 "" 2.889 7.714 14.47"" -78.35""" -28.56"

(-3.09) (0.45) (1.26) (2.81) (-5.27) (-2.01)
A+ 0 0 0 0

(.) (.) (.) (.)
A 0.918 2.960

(0.06) (0.30)
A- 30.98 27.73"

(1.75) (2.23)
B+ 47.34 "" 48.46"""

(2.62) (4.21)
B 130.1""" 0 0

(7.20) (.) (.)
B- 206.0""" 58.86"""

(9.16) (3.32)
C 320.3""" 150.4"""

(11.38) (6.31)
Callable -14.39 -5.883 -3.994 10.78 -27.50 -44.85

(-0.73) (-0.26) (-0.25) (0.76) (-0.54) (-0.66)
Putable 127.7 "" 184.2""" 73.43 70.76

(2.61) (4.52) (0.57) (0.58)
Enhancement 39.11""" 2.546 33.61" 20.98 31.24" -10.09

(3.48) (0.13) (2.41) (0.55) (1.99) (-0.47)
Constant 555.5 """ 598.5""" 303.5""" 300.5 927.4""" 603.1""

(7.04) (4.54) (4.27) (1.69) (6.61) (3.10)
Time FE X X X X X X
Ratings FE X X X X X X
Industry FE X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X
Observations 1706 1706 849 849 857 857
R2 0.683 0.627 0.620 0.723 0.642 0.646

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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there is no statistical signiÞcance for any rating class. Moreover, only the sign for B

rated Þrms are consistently negative across di!erent sample and speciÞcations.

Taken together, there is support that the baseline results for negative borrowing cost

spillovers for investment-grade debt are robust to further introduction of variables that

may be correlated with demand for CDS, and further sub-sampling of the data into

publicly traded and privately held Þrms. The negative estimates (positive spillovers)

for high-yield debt remain robust only for publicly traded high-yield Þrms. Publicly

traded Þrms on average are likely to receive greater analyst coverage and consequently

the degree of informational opacity is likely to be lower for publicly traded Þrms

when compared to the average privately held Þrm. As a result, we believe that the

incremental information the CDS market can reveal with respect to credit risk only

beneÞts publicly traded high-yield Þrms and does not necessarily beneÞt privately

held Þrms as they are informationally opaque due to limited analyst coverage.

4.6.3 Endogeneity of Bond Issuance

High-Yield Index

One possible explanation for the lower borrowing costs for C rated Þrms that the CDS

trading dummy captures is that high-yield Þrms are issuing debt precisely when it is

most opportune to do so. Thus, the CDS impact could simply be a proxy for lower

general costs of capital for high-yield debt. To account for this we run the regression

analysis including the Bank of America/Merrill Lynch high-yield Option-Adjusted

Spread Index (HY index). This index should capture any changes in the aggregate

cost of high-yield debt.

The quarterly time dummies should capture macroeconomic phenomena a!ecting

credit spreads that are not explicitly modeled. Thus, the HY Index would not on
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Table 4.10: Non-Publicly Traded Sample

Full Sample Investment Grade High-Yield
(1) (2) (3) (4) (5) (6)

CDS Trading % A+ 36.03 49.53 """ 50.46" 25.97
(1.56) (3.46) (2.12) (1.68)

CDS Trading % A -32.61 -7.089 -12.69 -3.509
(-1.69) (-0.38) (-0.66) (-0.27)

CDS Trading % A- 24.84 35.07 39.61 11.46
(0.92) (1.55) (1.56) (0.83)

CDS Trading % B+ 37.38 -5.684 32.05 -6.387
(1.87) (-0.35) (1.91) (-0.49)

CDS Trading % B -13.58 -15.78 -28.22 -35.92
(-0.64) (-0.66) (-1.21) (-1.58)

CDS Trading % B- -14.57 4.385 -12.18 -0.357
(-0.66) (0.17) (-0.55) (-0.02)

CDS Trading % C -22.77 32.34 -18.39 41.10
(-0.75) (1.04) (-0.55) (1.13)

Frequency -0.502 -2.917 -0.648 -0.280 -1.346 -4.228
(-0.23) (-1.27) (-0.08) (-0.07) (-0.44) (-1.21)

Financial Crisis 287.5 """ 311.2""" -422.8""" 546.6"""

(5.88) (4.78) (-7.83) (16.59)
Ln Sales -46.96""" -14.87 -27.23""" -18.98 -56.31""" -15.41

(-7.84) (-0.52) (-4.15) (-0.99) (-6.82) (-0.41)
ProÞt Margin -188.5 """ -63.28 -211.7""" 49.78 -180.9"" -123.7

(-4.26) (-0.58) (-4.30) (0.46) (-3.23) (-1.15)
Leverage 197.1""" 45.21 82.22 -59.92 243.8""" 76.33

(5.65) (0.41) (1.45) (-0.73) (5.54) (0.47)
Earnings Volatility 41.44 " 18.05 -33.55 -0.516 49.45"" 20.76

(2.42) (1.09) (-1.23) (-0.03) (3.03) (1.13)
Ln Amount 8.029 17.06 15.96 13.52 3.708 30.52

(0.83) (1.59) (1.84) (1.78) (0.26) (1.50)
Ln Maturity -36.08 "" -17.20 11.17 14.52" -80.52""" -45.32"

(-3.22) (-1.49) (1.39) (2.24) (-3.89) (-2.22)
A+ 0 0 0 0

(.) (.) (.) (.)
A 13.31 2.724

(0.59) (0.15)
A- 11.30 15.33

(0.45) (0.70)
B+ -8.509 15.88

(-0.35) (0.58)
B 89.47""" 0 0

(3.41) (.) (.)
B- 151.7""" 53.28

(5.42) (1.78)
C 121.2""" 9.513

(4.13) (0.32)
Callable 42.97" 16.80 -0.139 -14.20 77.54" 65.78"

(2.18) (0.99) (-0.01) (-0.92) (2.41) (2.55)
Putable -25.90 -1.350

(-0.93) (-0.04)
Enhancement 0.0710 -21.57 -0.243 -13.67 12.14 -21.70

(0.00) (-1.30) (-0.01) (-0.63) (0.55) (-1.12)
Constant 599.6 """ 339.9 1000.6""" 112.2 1015.5""" 229.2

(4.33) (1.22) (8.49) (0.53) (5.12) (0.64)
Time FE X X X X X X
Ratings FE X X X X X X
Industry FE X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X
Observations 749 749 302 302 447 447
R2 0.625 0.647 0.765 0.919 0.565 0.557

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001

129



its own add any identiÞcation to the analysis. The HY index is used to tease out

the e!ect of the aggregate cost of credit from the existing time dummies, which will

capture other macroeconomics conditions as well. To do so, we interact the HY Index

with each of the high-yield ratings classes (B, B-, C) in the High-Yield Sub-Sample.

These interaction terms control for whether or not the impact of the aggregate cost

of credit for high-yield Þrms varies for the di!erent rating classes.

Table 4.11 shows that the coe"cient on the CDS interaction term for B- rated Þrms

continues to be negative but not statistically di!erent from zero. The coe"cient for

the CDS interaction term for C rated Þrms is also negative and signiÞcant at the 90%

level, and is also robust to Þrm Þxed-e!ects. The coe"cients are also very close to

the estimates without the HY index, giving conÞdence to the Þndings that high-yield

debt spillovers from CDS issuance are not necessarily being driven by a coincidence

of lower general credit spreads.

Heckman Two-Step Estimation

We further consider the possibility that endogenous bond issuance is driving the

spillover results by using the Heckman (1979) two-step estimation procedure for sam-

ple selection bias.16 It is natural to assume that Þrms issue debt when it is most

opportune to do so. The negative borrowing cost coe"cient (positive spillover) re-

sults identiÞed for certain classes of high-yield debt may be particularly sensitive to

this sample selection bias.

The Heckman two-stage estimation technique Þrst uses a probit model to estimate the

likelihood a Þrm issues debt using the full sample of Þrms from Compustat regardless

of whether they issue debt. The inverse Mills ratio from the probit regression is then

included in the second stage Pooled-OLS regression as an independent variable, and

16Ilhyock and Zhu (2014), and Daset al. (2014) use a similar speciÞcation
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Table 4.11: High-yield Credit Spread
High-Yield

(1) (2) (3)
CDS Trading % B 4.086 -1.639 11.372

(0.31) (-0.13) (0.94)
CDS Trading % B- -6.023 -6.613 -23.30

(-0.39) (-0.44) (-1.73)
CDS Trading % C -77.73"" -81.51"" -49.86"

(-2.82) (-3.02) (-2.06)
HighYield % B 1.131" 1.221" 0.346"""

(2.33) (2.15) (4.30)
HighYield % B- 1.114" 1.212" 0.380"""

(2.27) (2.12) (4.04)
HighYield % C 1.210" 1.301" 0.455"""

(2.41) (2.23) (4.36)
Frequency 3.531 3.535 0.567

(1.31) (1.31) (0.21)
Financial Crisis -414.3 -485.0 162.9 ""

(-1.30) (-1.33) (2.62)
Ln Sales -61.14""" -55.43""" -32.55""

(-13.82) (-9.71) (-2.72)
ProÞt Margin -105.7 "" -98.30"" -55.26"

(-3.26) (-3.08) (-2.40)
Leverage 238.9""" 225.8""" 146.2""

(7.70) (7.54) (2.84)
Ln Amount -3.531 3.242

(-0.39) (0.38)
Ln Maturity -76.19 """ -43.06"""

(-6.40) (-3.57)
Constant 316.7 411.0 238.0

(1.61) (1.61) (1.78)
Bond Charachteristics X X
Time FE X X X
Ratings FE X X X
Industry FE X X X
Firm FE X
Clus. Robust SE X X X
Observations 1454 1454 1454
R2 0.572 0.589 0.586

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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accounts for the fact that only looking at Þrms who issue debt is akin to truncated

sample analysis.

Firms face decisions about not only when and how much capital to raise, but also

how to raise funds. The ÒPecking OrderÓ theory of corporate Þnance indicates that

Þrms will use retained earnings, debt, and then equity depending on the degrees of

asymmetric information between Þrm owners and potential investors (see Myers and

Mayluf (1984)). We do not take a stance on the pecking order theory here, simply

use the logic to guide the fact that issuing debt is an alternative funding decision to

using retained earnings or equity. We include the following additional variables in

the probit regression to predict whether or not a Þrm issues debt:

1. Change in credit spread index

2. Change in S&P Economic Sector Indices

3. Sales Growth Rate

4. Tax Loss Carry Forward

Firms may be more likely to use debt Þnancing when debt market conditions are

favorable. To capture this e!ect, the Bank of America Merrill Lynch (BoA) family

of credit spread indices are included for each Þrm-quarter observation. The BoA

family of indices range from AAA to C and below, so we can match one-to-one each

credit spread index to the S&P Þrm ratings. For example, every A rated Þrm in our

sample will have the contemporaneous change in the BoA A rated credit spread index.

Higher returns to equities may induce Þrms to use equity Þnancing rather than debt

Þnancing. The contemporaneous change in the corresponding S&P economic sector

index is included to capture equity market valuations. We match the S&P economic

sector codes for each Þrm from Compustat to the S&P economic sector indices. In

addition the aggregate funding conditions, Þrm speciÞc characteristics may inßuence
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Table 4.12: Heckman Two-Step
Panel A: Spread Panel B: Issuance

(1) (1)
CDS Trading % A+ 21.43

(0.84)
CDS Trading % A 1.403

(0.06)
CDS Trading % A- 14.79

(0.73)
CDS Trading % B+ -6.100

(-0.45)
CDS Trading % B -37.22""

(-3.04)
CDS Trading % B- -43.69"""

(-3.43)
CDS Trading % C -124.5"""

(-5.47)
Frequency -2.850""

(-3.26)
Financial Crisis 56.96 """

(5.01)
Sales -81.97""" 0.306"""

(-8.52) (57.40)
ProÞt Margin -125.5 """ -0.0000474

(-8.74) (-1.43)
Leverage 130.6""" 0.306"""

(5.98) (16.64)
Callable 23.54

(1.63)
Putable 96.99

(1.50)
Enhancement 47.39"""

(5.36)
Industry Sector Price -0.0000395"

(-2.29)
Credit Spread Index -0.00307"""

(-10.28)
Tax Loss Carried Forward 0.00000110

(1.79)
Sales Growth Rate 0.214"""

(5.18)
Constant 1114.3 """ -3.983"""

(6.99) (-104.97)
Inverse Mills Ratio -166.9 """

(-4.62)
Observations 146811 146811

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001

debt issuance. The growth in quarterly sales is included to capture the idea that Þrms

with higher growth have more capacity to raise capital, which may be done through

debt issuance. Lastly, the tradeo! theory of capital (e.g. Myers (1984)) predicts that

Þrms will issue debt to capitalize on the beneÞt of interest rate deductions. Firms that

have tax losses carried forward may have less need to issue debt to take advantage of

the interest rate deduction.
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Table 4.12 presents the results from the Heckman two-stage regression. Panel A are

the results from the second stage pooled OLS regression which includes the inverse-

Mills ratio accounting for selection bias. Panel B are the results from the Þrst stage

probit regression on whether or not Þrms issue debt. The results for debt issuance

are intuitive. For example, the Industry Sector Index has a negative and signiÞcant

coe"cient at the 90% level. This means that a positive quarter-over-quarter change

in sector equity prices reduces the likelihood a Þrm issues debt. A Þrm will be more

likely to issue equity rather than debt when equity prices are rising. TheCredit

Spread Indexcoe"cient is negative and signiÞcant at the 99% level. This implies

that a quarter-over-quarter increase in credit spreads reduces the likelihood of debt

issuance because borrowing costs are increasing. Additionally, higher sales growth

rates leads to an increase in the likelihood a Þrm issues debt as the Þrm has more

capacity to increase its capital structure. Lastly, the inverse Mills ratio is negative and

signiÞcant. This indicates that unobserved characteristics which make issuing debt

less likely, also raise credit spreads when Þrms do select into debt issuance.

Turning now to the Pooled OLS results in Panel A, we see the estimates for the CDS

Trading dummies by rating are very similar to the baseline results. The coe"cients on

investment-grade Þrms are mostly positive with the exception of B+, the lowest rating

that is still classiÞed as investment-grade. While the results are qualitatively similar to

the baseline results, we acknowledge that the coe"cients are not statistically di!erent

from zero. However, the estimates on high-yield Þrms are all negative and statistically

signiÞcant at 95% conÞdence, thus consistent with the baseline speciÞcation. This

provides evidence that the borrowing cost spillovers in the baseline speciÞcations for

high-yield debt are not necessarily being driven by selection bias. Taking into account

the fact that some Þrms may only issue debt when it is most beneÞcial to do so, CDS

still reduce borrowing costs through positive spillovers for high-yield Þrms.
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4.7 Concluding Remarks

The implications of our work on borrowing cost spillovers by Þrm ratings are threefold.

First, we provide evidence that CDS trading may have di!erent e!ects on di!erent

segments of the bond market. Therefore, evaluating the costs and beneÞts of CDS

trading needs to be done keeping in mind that the e!ects of CDS on corporate debt

markets may be di!erent based on Þrm risk. Moreover, not only might CDS af-

fect the terms of borrowing for reference entities, but CDS may generally a!ect the

allocation of capital between debt and derivative markets which has pricing impli-

cations for other debt issuing Þrms. Second, because other Þrms are impacted by

CDS introduction, studies using propensity score matching to argue that matched

Þrms are alike in all ways but for CDS trading need to be interpreted more cau-

tiously. CDS introduction may actually impact the borrowing costs of other Þrms,

implying the di!erences in borrowing costs across matched samples are not exogenous

to CDS trading.17 Lastly, our results may shed light on yield compression between

investment-grade and high-yield credits. Market practitioners have noted that the

yields between high-yield and investment-grade credits have slowly compressed. One

possible explanation is that CDS trading use has opposite impacts on yields due to

di!erences in liquidity between the two segments of the corporate bond market.

We leave as future research the possibility of using information from CDS-bond basis

trades to account for the liquidity mechanism that explains our borrowing cost results.

For example, Blancoet. al. (2003) show that CDS markets lead the bond market in

terms of pricing and formation revelation. Price di!erences between the two markets

may be due to the fact that the CDS market is much more liquid. Thus, changes in

17Bessembinderet. al. (2006) suggest that TRACE reporting has transaction cost spillover
implications in secondary corporate bond markets in the form that even trades not listed on trace
have experienced lower transaction prices. One of their implications is the same as ours, mainly that
propensity score matching analysis may not be valid for studies examining bond transaction costs.
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the CDS-bond basis can serve as the liquidity di!erence between the two markets.

Moreover, because basis trading is an arbitrage trade geared around capitalizing on

small basis point di!erences in the price of credit risk between the CDS and cash-bond

markets, it does not likely signify a change in default likelihood. Thus, the CDS-bond

basis may serve as further robustness for the endogeneity of CDS introduction.

The focus of this paper has been on the borrowing cost impact of CDS markets

on non-reference entities. Refayet (2014) shows that in the presence of asymmetric

information, focusing solely on borrowing costs may not be the best indicator of

how CDS a!ect Þrm Þnancing and performance. Asymmetric information in the

market for debt capital may cause the Þrm to use investment to signal its type, thus

introducing an information wedge into credit market funding. CDS not only a!ect

this information wedge, but the direction of the e!ect is largely dependent on whether

or not the CDS is used for hedging versus speculative purposes, and on the quality

of the credit underlying the CDS contract. Thus, a more complete analysis of the

e!ects that CDS have on corporate debt Þnancing should also consider the impact of

CDS on investment signaling and Þrm proÞtability.
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Appendix A

In section 2.2 we informed the reader to the fact that equilibrium investment behavior

is endogenous to the set of parameter values chosen. The analysis in the main body

of the paper focuses on an equilibrium in which both Þrms default, so that CDS will

eventually be traded against both Þrms. Bond default will not be a characteristic

of equilibrium for " (!, # i ) $ [0, 1]. In the following subsections we describe how to

solve the model when both Þrms do not default on debt obligations and then when

one Þrm does not default while the other does.

Risk-Free Equilibrium

The system of equations that characterizes the equilibrium when neither Þrm defaults

on its debt when s = D includes eight endogenous variables (pi , qi , I i , h1, h2) for

i = { G, B} and is as follows:

1.
hj ' 1 + (1 # hj ) ' 1

pi
= 1, j = { 1, 2}

2.#i I
! i " 1
i =

1
pi [!A U + (1 # ! ) AD ]

3.I i = pi qi

4.1 # h1 = pbqb

5.h1 # h2 = pgqg

Equation (1) says that bonds are equivalent investment instruments as cash because

they return full face value in either state. This implies that the role investors play

will simply be to fund the ÞrmsÕ investment needs and not set relative bond prices.

Equation (2) is the Þrm optimizing decision that takes into account its proÞtability
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in the down-state when it chooses an investment level that ensures it will not default.

Equation (3) says that each ÞrmsÕ bond issuanceqi for i = { G, B} will be in accor-

dance with the desired level given market price for bonds. Finally, Equations (4) &

(5) correspond to the bond market clearing conditions for the respective Þrms.

Partial-Risk

Non CDS Equilibrium

This equilibrium is characterized by the fact that Firm G is always able to fully

repay its debt while the bad Þrm defaults whens = D. This equilibrium will be

characterized as a combination of theRisk-Free Regimepresented in the preceding

section and theFull-Risk Regimedescribed in Section 2.2.

The system of equations that characterizes equilibrium in theNon-CDS Economy

includes eight endogenous variables (pi , qi , I i , h1, h2) and is as follows:

1.h1 + (1 # h1) &b = pb

2.h2 + (1 # h2) = pg

3.#gI ! g " 1
g =

1
pg [!A U + (1 # ! ) AD ]

4.#bI
! b" 1
b =

1
pb

5.I i = pi qi

6.1 # h1 = pbqb

7.h1 # h2 = pgqg
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Equations (1) & (2) are used to determine bond prices in equilibrium. Equation (3)

corresponds to type GÕs optimizing decision that takes into account Þrm proÞtability

in the down-state while (4) corresponds to type BÕs optimizing decision by considering

proÞts exclusively in the up-state. Equation (5) says that each ÞrmsÕ bond issuance

qi will be in accordance with the desired investment level given bond market prices.

Finally, equations (6) & (7) correspond to the bond market clearing conditions for

the respective Þrms.

Covered CDS Equilibrium

CDS allow investors to sell insurance on Þrm default. Note that in theCovered-CDS

Economy,CDS buyers are required to hold the underlying asset. In equilibrium, CDS

will only be traded on type B debt since type G does not default in thePartial-Risk

Regime.

The system of equations that characterizes equilibrium in theCovered-CDS Economy
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includes ten endogenous variables (pi , pbc,qi , qbc,I i , h1, h2) and is as follows:

1.
h1 (1 # & b)

pb # & b
= 1

2.h2 + (1 # h2) = pg

3.#gI ! g " 1
g =

1
pg [!A U + (1 # ! ) AD ]

4.#bI
! b" 1
b =

1
pb

5.I i = pi qi

6.1 # h1 = pbqb # min
(
qb, AD I ! b

b

)

7.h1 # h2 = pgqg

8.pb + pbc = 1

9.qbc =
1

1 # pbc # & b

Equations (1) & (2) are used to determine bond prices in equilibrium. Equations (3)

& (4) corresponds to the ÞrmsÕ optimizing decisions. Equation (5) says that each

ÞrmsÕ bond issuanceqi will be in accordance with the desired level given market price

for bonds. Equations (6) & (7) correspond to the CDS market and bond market

clearing conditions respectively. Equation (8) is a non-arbitrage pricing implication

of assuming the return to holding a covered CDS position is equivalent to holding cash

and will be priced accordingly. Equation (9) solves for the number of CDS contracts

an individual investor can sell given their initial endowment.

Naked CDS Equilibrium

In the Naked-CDS EconomyCDS buyers are not required to hold the underlying

asset. In equilibrium, CDS will only be traded on type B debt since type G does not
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default in the Partial-Risk Regime.

The system of equations that characterizes equilibrium in theNaked-CDS Economy

includes ten endogenous variables (pi , pbc,qi , qbc,I i , h1, h2) and is as follows.

1.
h1 (1 # & b)

pb # & b
=

(1 # h1) (1 # & b)
1 # pb

2.h2 + (1 # h2) = pg

3.#gI ! g " 1
g =

1
pg [!A U + (1 # ! ) AD ]

4.#bI
! b" 1
b =

1
pb

5.I i = pi qi

6.(1 # h1) + pbcqb + h2 =
5

qb +
h2

pbc

6
(1 # & b)

7.h1 # h2 = pgqg

8.pb + pbc = 1

9.qbc =
1

1 # pbc # & b

Equations (1) & (2) are used to determine bond prices in equilibrium. Equations (3)

& (4) corresponds to the ÞrmsÕ optimizing decisions. Equation (5) says that each

ÞrmsÕ bond issuanceqi will be in accordance with the desired level given market price

for bonds. Equations (6) & (7) correspond to the CDS market and bond market

clearing conditions respectively. Equation (8) is a non-arbitrage pricing implication

of assuming the return to holding a covered CDS position is equivalent to holding cash

and will be priced accordingly. Equation (9) solves for the number of CDS contracts

an individual investor can sell given their initial endowment.

147



Proof of Lemma 1

Proof. Lemma 1: Suppose to the contrary that bonds are purchased unprotected.

Then it must be the case that the utility of the agent who buys the unprotected bond

is given by ub (h1) = h1+(1 " h1)&b
pb

> 1, which can be written ash1(1"& b)+ &b
pb

> 1. Note

that the utility of the CDS seller is given by us(hcds) = hcds (1"& b)
pb"& b

. Now suppose that

the investor h1 who purchases the bad bond unprotected instead writes the CDS. His

utility would be given by us(h1) = h1(1"& b)
pb"& b

. To Þnish the proof it su"ces to show that

h1 prefers to write CDS over buying unprotected bonds. Leth1 (1 # & b) = X , pb = Y,

and &b = $. We can then rewrite the utilities in the following way: ub (h1) = X +!
Y

and us(h1) = X
Y +! . If us(h1) > u b (h1) then,

=)
X + $

Y
<

X
Y # $

=) (X + $) ( Y # $) < XY.

=) # X $ + $ Y # $ 2 < 0

=) (X # Y + $) > 0.

Substituting back in for X , Y, and $ we see thath1 (1 # & b) # pb + &b > 0, which

is the same ash1+(1 " h1)&b
pb

> 1. Thus, any agent who would buy unprotected bonds

would be better o! selling CDS.

Proof of Lemma 2

Proof. Lemma 2: Suppose to the contrary thath1 holds cash. It must be the case

then that the investor prefers holding cash to any other instrument in the economy.
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Thus we can say

h1 + (1 # h1) &b < pb, (1)

and

1 >
(1 # h1) (1 # & b)

1 # pb
. (2)

Inserting (1) into the denominator of ther.h.s of (2) we do not perturb the inequal-

ity

1 >
(1 # h1) (1 # & b)

1 # [h1 + (1 # h1) &b]
.

Rearranging and regrouping we get

(1 # h1) (1 # & b) > (1 # h1) (1 # & b) -

a contradiction.

Naked Two Results

In this section we explain how to solve for the equilibrium in theNaked CDS Two

Firm Economy. We Þrst guess a particular regime (default ats = D) and check to

see if it is optimal.

The thirteen endogenous variables in this economy are (pi , pic , qi , qic , I i , h1, h2, h3) .
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The system of equations is:

h1 (1 # & b)
pb # & b

=
h1 (1 # & g)

pg # & g

(1 # h3) (1 # & b)
1 # pb

=
(1 # h3) (1 # & g)

1 # pg

h2 (1 # & g)
pg # & g

=
(1 # h3) (1 # & g)

1 # pg

AU#i I
! i " 1
i =

1
pi

I i = pi qi

(h1 # h2)
1 # pgc # & g

=
5

qg +
h2 # h3

pgc

6

(1 # h1)
1 # pbc # & b

=
5

qb +
h3

pbc

6

pi + pic = 1
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Appendix B

Baseline: Short Term Funding

The following equations are used to solve the baseline model when the Þrm only issues

short term debt (%= 0).

pst = 1

1 =
h1,D + (1 # h1,D ) &%#

st

pst1,D

I = pstqst

#I ! " 1 [! + ! (1 # ! )] =
!
pst

+
! (1 # ! )
pstpst1,D

qst = pst1,D qst1,D

1 # h1,D

pst1,D

= qst1,D

All time 0 short term debt is risk free and priced accordingly because the Þrm commits

to rollover at time 1. The marginal buyer at time 1 who buys short term bonds is

indi!erent between buying short term bonds and cash. Thus, in equilibrium, the

returns of the two assets must be equivalent according to the marginal investorÕs

beliefs. All investment that the Þrm raises will come through issuing short term debt.

The optimal amount of capital the Þrm raises equates the expected marginal product

of issuing short term bonds against the expected marginal cost of repayment. The

marginal cost of issuing more short term debt at time 0 is reßected by the fact that

it will be rolled over at time 1 where the Þrm must pay interest according to time 1

interest rates. All time 0 short term debt will be paid in full by issuing more short

term debt at time 1. Lastly, investor demand for time 1 short term bonds is equal to

the supply of bonds the Þrm issues at time 1, which are used to repay time 0 short
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term creditors.

Baseline: Long Term Funding

The following equations are used to solve the baseline model when the Þrm only issues

long term debt (%= 1).

1 =
1 # (1 # h0)2 + (1 # h0)&%#

lt

plt

I = plt qlt

#I ! " 1 =
1
plt

1 # h0

plt
= qlt

The long term bonds are priced by the marginal investor who is indi!erent between

holding bonds and cash. The marginal buyerÕs evaluation of long term bond returns

in equilibrium will be equal to cash. All capital raised by the Þrm for production will

come through the long term bond market. The optimal amount of capital the Þrm

raises will equal the marginal product of issuing an additional bond to the marginal

cost of repayment. Lastly, investor demand for long term bonds at time 0 will equal

the supply of bonds the Þrm issues.

Proof of Lemma 3

The proof follows directly from Lemma 1. If an investor at either time 0 or time

1 would buy a bond unprotected, then there must be an investor who is indi!erent

to selling a CDS on that bond and purchasing that bond. Lemma 1 shows that if

that is the case, then the investor selling the CDS is also indi!erent to holding a

152



risk free asset. Thus there is no investor who believes that the bond returns more in

expectation than the risk free asset, hence the bond goes un-purchased.

Covered: Short Term Funding

The following equations are used to solve the model when the Þrm only issues short

term debt (%= 0) in a Covered CDS Economy.

pst = 1

1 =
h1,D + (1 # h1,D ) &%#

st

pst1,D

I = pstqst

#I ! " 1 [! + ! (1 # ! )] =
!
pst

+
! (1 # ! )
pstpst1,D

qst = pst1,D qst1,D

qst1,D =
1 # h1,D

1 # & %#
st # ' st1,D

The short term funding economy is analogous to the model in the baseline economy,

with the exception of the bond market clearing condition at time 1 since the demand

for bonds is implicitly determined by the CDS market. The CDS market clearing

condition simply states that the investor demand for (covered) CDS is equal to the

supply of CDS.

Table B.1: Covered Short Term - Results

(ADD , ! )=( .2, .8) pst pst1,D qst qst1,D I % E[" ]
Covered CDS 1 .8375 .2795 .3337 .2795 0 .0692

Non-CDS 1 .8223 .2746 .3339 .2746 0 .0683
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Covered: Long Term Funding

The following equations are used to solve the baseline model when the Þrm only issues

long term debt (%= 1).

1 =
1 # (1 # h0)2 + (1 # h0) dDD

/
q%

0

0

p%
0

I = p%
0q%

0

#I ! " 1
0 =

1
p%

0

q%
0 =

1 # h0

1 # ' %
0 # dDD

/
q%

0

0

The long term funding Covered CDS Economyis analogous to long term funding

in the Non CDS Economy, with the exception of the time 0 bond market clearing

condition, because the demand for bonds is implicitly determined by the CDS market.

The CDS market clearing condition simply states that demand for (covered) CDSÐ

which is equivalent to the number of bonds issuedÐis equal to the supply of CDS

issued by CDS sellers

Table B.2: Covered Long Results

(ADD , ! )=( .2, .5) p%
0 q%

0 I 0 % E[" ]
Naked CDS .7074 .0821 .0581 1 .0154

Covered CDS .9680 .2877 .2785 1 .0539
Non-CDS .9512 .2682 .2551 1 .0503
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Naked: Long term funding

Consider the second possible equilibrium characterized by long term with CDS. In

equilibrium, as a result of linear utilities and the continuity of utility in h, and the

connectedness of the set of agentsH = (0 , 1) , at state s = 0 there will be marginal

buyer h1. Every agenth > h 1 will sell CDS on long term bonds, every agenth < h 1

will buy naked CDS on long term bonds. This regime is also shown in Figure 27. The

same parameters used to solve for long term funding in both the baseline and covered

CDS economies are used to solve for long term funding in the naked CDS economy

as well. The Þve endogenous variables in this economy are
/
p%

0, q%
0, ' %

0, I 0, h1
0
. The

system of equations used to solve for these variables is:

/
1 # (1 # h1)20

+ (1 # h1)2 dDD
/
q%

0

0

p%
0

= 1 (3)

1 # h1

1 # ' %
0 # dDD

/
q%

0

0 = q%
0 +

5
h1

' %
0

6
(4)

#I ! " 1
0 =

1
p%

0
(5)

I 0 = p%
0q%

0 (6)

' %
0 + p%

0 = 1 (7)

Equation (3) says that the marginal CDS seller prices long term bonds such that

his expected return on a long term bond is equivalent to cash. Equation (4) is CDS

market clearing which says that supply of naked CDS issued by CDS sellers is equal

to the demand for CDS coming from both covered CDS held by the retail investor and

naked CDS from CDS buyers. Equation (5) equates the ÞrmÕs marginal product of

investment through long term bonds with the marginal cost of issuing an additional

bond. (6) is the ÞrmÕs funding which says that all capital raised from debt goes into

production. Lastly, (7) is the non arbitrage condition which says that holding a long
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term bond with the CDS is equivalent to holding cash.

Formalization of Retail Investor

In this Appendix I present one possible way to formalize the retail investor introduced

in Section 4.1.

Let the utility of the retail investors in each period be identical and given by:

UM (xs, cs" ) = xs +
7

s" ! S
cs" $s" , $s" > 0, s $ ST

where xs, s $ ST is time 2 consumption andcs" , s# $ S is a covered CDS package

made up of a bond and corresponding CDS:cs" . q%,&
s" + * %,&

s" , s# $ S.18 Furthermore,

let UM !
t (cs" ) > 0 so that the investors always prefer to invest when the opportunity

exists. We can now characterize theretail investorsÕbudget sets. First consider the

retail investor at time 0:

B M 0
/
p%

0, p&
0, ' %

0, ' &
0

0
=

9 .;
xM 0

0 , q%,M0
0 , q&,M0

0 , * %,M0
0 , * &,M0

0 , xM 0
s

<
$ R+ ' R+ ' R+ ' R+ ' R+ ' R+

4
:

xM t
0 +

/
p%

0 + ' %
0

0
c%,M0

0 + ( p&
0 + ' &

0) c&,M0
0 = eM 0

0 ,

xM 0
s = xM 0

0 + c%,Mt
0 + c&,M0

0 , s $ ST

:
.

Time 0 investor uses his endowment to either purchase bonds with covered CDS

or stores it for consumption. He consumes the same amount in all terminal states

since covered CDS positions have identical payouts in all statese.g. 1. Thus, Þnal

consumption is the sum of cash carried forward and the number of covered CDS
18The micro-foundations of the investorÕs preferences are not explicitly modeled, though it is easy

to do so. For example, one could assume the investor is a fund manager who invests in covered CDS
for which he receives a fee given by! .
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packages purchased at time 0. Similarly time 1 retail investorÕs budget set is

B M 1 (p&
s" , ' &

s" ) =
9 .;

xM 0
0 , q&,M1

s" , * &,M1
s" , xM 1

s

<
$ R+ ' R+ ' R+ ' R+

4
:

xM 1
0 + ( p&

s" + ' &
s" ) c&,M1

s" = eM 1
s" ,

xM 1
s = xM 1

0 + c&,M1
s" , s $ ST

:
.

Time 1 retail investor uses his endowment to either purchase bonds with covered CDS

or stores it for consumption. He consumes the same amount in all states since covered

CDS positions have identical payouts in all statese.g. 1. Thus, Þnal consumption is

the sum of cash carried forward and the number of short term covered CDS packages

purchased at time 1.
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Appendix C

Industry Analysis

Table C.1 shows the speciÞcation used to estimate borrowing cost spillovers result-

ing from CDS trading on Þrms within the same 2 digit NAICS. As with the Ratings

channel, equations (1)-(3) are the full sample of Þrms, equations (4)-(6) are the invest-

Table C.1: Baseline Industry SpeciÞcation

Full Sample Investment Grade High-Yield
(1) (2) (3) (4) (5) (6) (7) (8) (9)

CDS Trading 7.822 6.057 4.763 11.14 10.79 1.499 5.780 2.888 7.104
(1.10) (0.85) (0.68) (1.33) (1.30) (0.17) (0.55) (0.28) (0.70)

Frequency -0.353 -0.285 -0.996 -1.447 -1.451 -1.170 0.861 0.676 -1.280
(-0.41) (-0.34) (-1.14) (-1.52) (-1.56) (-1.18) (0.70) (0.53) (-0.96)

Financial Crisis 268.2 """ 261.4""" 210.3""" 240.4""" 247.3""" 389.8""" 280.6""" 266.8""" 115.5""

(11.21) (11.26) (9.60) (8.20) (8.29) (19.94) (8.45) (8.43) (3.04)
Ln Sales -48.04""" -47.46""" -36.33""" -31.14""" -33.63""" -12.00 -61.41""" -55.73""" -35.62""

(-14.39) (-11.87) (-3.54) (-8.47) (-7.96) (-0.83) (-13.79) (-9.58) (-2.93)
ProÞt Margin -130.5 """ -125.0""" -83.67""" -237.0"" -238.9"" -145.3 -107.5"" -100.3"" -65.64""

(-3.83) (-3.68) (-3.60) (-2.98) (-2.87) (-1.43) (-3.20) (-3.04) (-2.91)
Leverage 201.7""" 196.4""" 157.2""" 137.4"" 137.5"" 173.4" 237.3""" 224.5""" 141.1""

(7.12) (7.01) (3.47) (2.63) (2.60) (2.28) (7.58) (7.43) (2.59)
Ln Amount 1.491 3.821 6.475 4.055 -3.691 4.747

(0.27) (0.79) (1.27) (0.86) (-0.40) (0.53)
Ln Maturity -29.04 """ -10.21 3.150 8.141 -75.76""" -43.23"""

(-4.51) (-1.71) (0.54) (1.64) (-6.39) (-3.53)
Callable 23.39 6.459 2.379 3.875 50.22" 25.54

(1.88) (0.59) (0.18) (0.39) (2.07) (1.15)
Putable 32.46 154.2""" 3.360 19.83

(0.63) (3.79) (0.05) (0.16)
Enhancement 27.20"" 16.89 17.57 5.532 27.61" 15.11

(2.80) (1.46) (1.06) (0.25) (2.27) (1.12)
A 7.072 5.257 5.765 3.752

(0.41) (0.29) (0.51) (0.33)
A- 20.10 19.94 18.19 16.90

(1.22) (1.18) (1.35) (1.27)
B+ 41.87 "" 39.98" 37.06"" 34.21""

(2.73) (2.52) (3.08) (2.89)
B 104.6""" 102.9"""

(6.85) (6.52)
B- 173.4""" 169.3""" 68.68""" 63.37"""

(9.36) (8.97) (5.28) (5.01)
C 230.7""" 223.6""" 112.8""" 102.3"""

(10.26) (9.78) (6.17) (5.72)
Constant 520.4 """ 548.6""" 387.6""" 380.2""" 298.5""" 107.4 791.5""" 924.6""" 445.2"""

(12.77) (8.38) (4.21) (11.13) (4.76) (0.75) (14.69) (8.86) (3.53)
Time FE X X X X X X X X X
Ratings FE X X X X X X X X X
Industry FE X X X X X X X X X
Firm FE X X X
Clus. Robust SE X X X X X X X X X
Observations 2734 2734 2734 1280 1280 1280 1454 1454 1454
R2 0.609 0.614 0.531 0.553 0.556 0.589 0.566 0.583 0.580

t statistics in parentheses
! p < 0.05, !! p < 0.01, !!! p < 0.001
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ment grade sub-sample and equations (7)-(9) are high-yield sub-sample. Equations

(1), (2), (4), (5), (7), and (8) are estimated with rating, industry, and time-Þxed

e!ects. Standard errors are clustered robust at the Þrm level. Equations (3), (6), and

(9) include Þrm Þxed e!ects. All t-statistics are reported in parentheses below the

point estimates.

Equation (1) corresponds to the baseline speciÞcation. The CDS Trading variable

estimates average borrowing cost spillover to Þrms issuing debt contemporaneously

to active CDS trading for Þrms within the same industry group. There is no evidence

to suggest that an active CDS market, on average, alters borrowing costs for all other

debt issuing Þrms in a statistically signiÞcant manner. None of the point estimates on

CDS Trading are signiÞcantly di!erent from zero, even though they are consistently

positive and relatively stable around 1.5-7.8 bps when considering the full sample

either sub-sample of investment grade or high-yeild Þrms. Similarly, the frequency

variable which measures the total number of CDS contracts that actively trade for

a given industry group in a particular quarter is also not signiÞcantly di!erent from

zero across all three samples. The Þrm level coe"cients are generally stable to adding

bond control and Þrm Þxed e!ects indicating any positive relation ship between CDS

introduction and Þrm borrowing cost is not driven by unobserved Þrm characteristics

or bond options.
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Figure 1: Bond Payout
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Figure 2: Non-CDS Economy
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Figure 3: Covered CDS Payout
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Figure 4: Type B Covered CDS Economy
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Figure 5: Two Covered CDS Economy
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Figure 6: Naked CDS Payout
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Figure 7: Type B Naked CDS Economy
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Figure 8: Two Naked CDS Economy
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Figure 9: Increased Default Risk: Non-CDS vs Covered CDS

!"##"$% &' ()(*' ()+(' ()+*' (),(' (),*' ()-(' ()-*' ().(' ().*' ()*(' ()**' ()/(' ()/*' ()0(' ()0*' ()1(' ()1*' ()2(' ()2*' +)(('
()(*' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
()+(' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
()+*' '' '' '' '' &34%5678!' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
(),(' '' '' '' '' '' '' '' '' '' '' &34%56789' '' '' '' '' '' '' '' '' ''
(),*' '' '' '' '' '' '' '' '' '' '' '' &34%56789' '' '' '' '' '' '' '' ''
()-(' '' '' '' '' '' &34%5678!' '' '' '' '' '' &34%56789' '' '' '' '' '' '' '' ''
()-*' ''

4566':;<='
:3!;>3'

'' ''

?%:7;%6':;<='
:3!;>3'

&34%56789' '' ''

:;<='4:33'
:3!;>3'

'' ''
().(' '' '' '' '' &34%56789' '' '' ''
().*' '' '' '' '' &34%56789' '' '' ''
()*(' '' '' '' '' &34%56789' '' '' ''
()**' '' '' '' '' &34%56789' '' '' ''
()/(' '' '' '' '' &34%56789' '' '' ''
()/*' '' '' '' '' '' &34%56789' '' ''
()0(' '' '' '' '' '' '' '' '' '' '' '' '' '' &34%56789' '' '' '' '' '' ''
()0*' '' '' '' '' '' '' '' '' '' '' '' '' '' &34%56789' '' '' '' '' '' ''
()1(' '' '' '' '' '' '' '' '' &34%5678!' '' '' '' '' '' '' '' '' '' '' ''
()1*' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
()2(' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
()2*' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''
+)((' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' '' ''

169



Figure 10: Decreased Default Risk: Covered CDS vs Naked CDS
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Figure 11: Covered CDS Economy: Type G Positive Spillover
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Figure 12: Result 1
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Figure 13: Naked CDS Economy: Good Firm Negative Spillover
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Figure 14: Result 2
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Figure 15: Economy State Tree
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Figure 16: Short-Term Financing
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Figure 17: Long Term Financing
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Figure 18: Non-CDS Economy
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Figure 19: Regime: Portfolio - Rollover

ST Bond 
Buyers

Cash

LT Bond 
Buyers!

Cash & ST 
Bond Buyers!

h0 = .8032

h = 0 h = 0

h = 1h = 1

h1,D = .8922

Maturity Structure

t = 0 t = 1

179



Figure 20: Regime: Short Term - Rollover
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Figure 21: Regime: Long Term
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Figure 22: Covered CDS Payout
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Figure 23: Covered Portfolio - Rollover
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Figure 24: Covered CDS Economy
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Figure 25: Naked CDS Payout
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Figure 26: Naked Economy
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Figure 27: Naked CDS Regimes
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Figure 28: CDS Trading Frequency by Rating
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Figure 29: Covered: Short Term - Rollover
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Figure 30: Covered - Long Term
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