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1 Introduction

Firms finance their investment using multiple sources, and the conventional
wisdom is that the borrowing costs of all financing sources move in the same
direction in response to changes in monetary policy.! However, is this common
belief always true? Could it be possible for the real rates at which firms
borrow in distinct financial markets to move in different directions following
changes in monetary policy? Through what channel could that happen? What
does it imply for firms’ responses to monetary policy shocks in terms of their
investment and borrowing decisions? What would be the optimal monetary
policy in such an economy?

To answer these questions, I develop a general equilibrium macroeconomic
model where firms have two options for external financing: they can issue
corporate bonds or obtain bank loans. An important feature of the model
is that corporate bonds are not just stores of value but also serve a liquidity
role. The model delivers three predictions. First, an increase in the nominal
policy rate can lower the borrowing cost in the corporate bond market, while
increasing that in the bank loan market, and I provide empirical evidence that
supports the result. Second, a higher nominal policy rate induces firms to
substitute corporate bonds for bank loans, and this result is supported by the
existing empirical evidence. Third, the Friedman rule is suboptimal so that
keeping the cost of holding liquidity at a positive level is socially optimal. The
optimal policy rate is an increasing function of the degree of the corporate
bond secondary market liquidity.

To provide a concrete concept of liquidity of corporate bonds, I employ
the monetary model of Lagos and Wright (2005), extended to incorporate
firms externally financing their production. Consumers and firms trade in a

decentralized market, where trade is bilateral, credit is imperfect, and thus a

!Consider the following quote from Jones (2017)’s Macroeconomics textbook: “The
Federal Reserve sets ... the federal funds rate, ... effectively setting the rate[s] at which
[firms] borrow ... in financial markets.” This quote implies that the Federal Reserve
implements monetary policy changes by targeting a single nominal rate but anticipates that
these changes will be transmitted (symmetrically) to the rates in all financial markets.



medium of exchange is necessary. Agents allocate their wealth between money
and corporate bonds. Both can serve liquidity purposes, but only a fraction
of corporate bond holdings can be used towards trades. This assumption is
meant to capture the idea that, when in need of extra money, agents liquidate
corporate bonds in a secondary market, but due to frictions, trading delays,
intermediation fees, etc., only a fraction of these bonds can be sold. Hence,
the fraction of bonds that agents can use is meant to capture the degree of
liquidity in the secondary market for those assets. Firms need to raise funds to
finance production, and they can do so either by issuing corporate bonds or by
obtaining a bank loan. Naturally, the liquidity properties of corporate bonds
affect their equilibrium price and, consequently, the issuance decision of firms.

In the model, changes in the nominal policy rate get transmitted to the
real cost of issuing corporate bonds and borrowing from a bank through the
following mechanism. A higher nominal policy rate increases the opportunity
cost of holding money, reduces real money balances, increases the liquidity
premium of corporate bonds, and makes issuing corporate bonds less expensive.
This pass-through becomes stronger when the corporate bond secondary market
is more liquid. The real loan rates are determined in the over-the-counter (OTC)
market for loans, where firms and banks are matched and bargain over the
size and the interest rate of a loan. With an increase in the nominal policy
rate, the cost of holding money increases, agents carry less liquidity, and firms
borrow less from a bank since agents can afford less. As a result, the real loan
rate increases as it depends positively on the marginal benefit of a loan, and
the latter decreases in the loan size.

Having established the mechanism through which the real rates at which
firms borrow in distinct financial markets could move in different directions
following changes in the nominal interest rate, now the questions are: Is there
evidence for this mechanism? Are such movements of the real rates observed
empirically? The model focuses on a specific channel, which is through the
liquidity premium of corporate bonds, and, of course, there are other channels
in action as well in reality. Thus, whether such movements of the real rates

can materialize is a quantitative question that depends on whether the channel



highlighted in the model can be dominant. Interestingly, the U.S. corporate
bond secondary market underwent a structural change in 2002, when the
Transaction Reporting and Compliance Engine (TRACE) was introduced to
make transactions in the secondary market transparent. Empirical evidence in
the literature shows that the corporate bond secondary market liquidity has
improved substantially as a result of the increased transparency under the new
system, and that liquidity has become a significant component of the corporate
bond premium.? Based on this observation, I hypothesize that the introduction
of the TRACE has strengthened the liquidity premium channel of monetary
policy transmission so that it might have become a dominant channel.

To check whether it was indeed the case, I employ the structural vector
autoregression (SVAR) and local projections to examine how the excess bond
premium and the real loan rates respond to changes in the nominal interest rate,
and exploit the high-frequency identified monetary shocks as an instrument,
following Gertler and Karadi (2015), to ensure the results are not driven by other
macro factors and to limit any potential reverse causality issues. Consistent
with the hypothesis, during the post-TRACE period, the real loan rates respond
positively to an increase in the nominal interest rate, whereas the excess bond
premium responds negatively in medium and long horizons. In contrast, during
the pre-TRACE period, the excess bond premium responds positively. Then
I provide evidence for the liquidity premium channel by showing that the
liquidity premium of corporate bonds, measured using the bid-ask spreads or
the trading volume in the secondary market, increases following an increase
in the nominal interest rate. The empirical analysis shows that the liquidity
premium channel has been strengthened, and become a dominant channel, in
monetary policy transmission with the introduction of the TRACE.

Another interesting prediction of the model is that an increase in the

2Two remarks are in order. First, Bessembinder, Maxwell, and Venkataraman (2006),
Edwards, Harris, and Piwowar (2007), and Goldstein, Hotchkiss, and Sirri (2007) find that
the secondary market liquidity increased by 50-84% with the TRACE. Second, Bao, Pan,
and Wang (2011) find that liquidity explains 47-60% of the time variation of aggregate
bond spreads of high-rated bonds, even larger than the variation that can be explained by
credit risk.



nominal policy rate affects the composition of firms’ credit by inducing firms
to substitute corporate bonds for bank loans. When firms have the option of
financing both through issuing corporate bonds and borrowing from a bank,
firms with large corporate bond issuance rely less on bank loans and thus can
negotiate for a lower real loan rate in the OTC market for loans. A higher
nominal policy rate makes issuing corporate bonds less expensive, allowing
firms to issue more corporate bonds for the strategic purpose of lowering their
financing costs. Becker and Ivashina (2014) provide direct empirical support for
such changes in firms’ credit composition following changes in monetary policy.

Lastly, I use the model to study optimal monetary policy in an economy
where the real rates at which firms borrow in distinct financial markets move
in different directions following changes in the nominal interest rate, such
as the post-TRACE U.S. economy. A common result in monetary theory is
that an increase in the nominal policy rate hurts welfare: a higher nominal
policy rate increases the opportunity cost of holding liquidity, induces agents
to carry less liquidity, and reduces the quantity of goods they can afford.® In
my model, however, the Friedman rule—implementing a zero nominal policy
rate—is suboptimal. The intuition is as follows. Assume that the current
nominal policy rate is low, so that the borrowing cost in the corporate bond
market is relatively high, compared to that in the bank loan market. Agents
face risk when meeting a firm for trade: they can meet a firm that obtained a
bank loan and thus have a large production capacity, or a firm that financed
only by issuing corporate bonds and thus have a small production capacity.
Increasing the nominal policy rate makes issuing corporate bonds cheaper and
borrowing from a bank more expensive, thereby reducing the risk agents face
and increasing welfare. The optimal policy rate depends on the corporate bond

secondary market liquidity and the corporate finance structure of an economy.

3A negative relationship between the nominal policy rate and welfare characterizes a
large class of monetary models, including Lagos and Wright (2005) and the majority of
models that build upon their framework. However, there are exceptions to this rule. Later,
in the literature review, I provide a more detailed discussion of those exceptions to this
result and claim that the channel through which my model can deliver a positive relationship
between the nominal policy rate and welfare has not been highlighted before.



The more liquid the corporate bond secondary market, or the more firms

financing through issuing corporate bonds, the higher the optimal policy rate.

Related literature. On the theory side, this paper employs the New Monetarist
framework, surveyed in Lagos, Rocheteau, and Wright (2017) and Nosal and
Rocheteau (2017), that highlights the importance of liquidity in the determina-
tion of asset prices. The consumer side of the model in this paper builds on
Lagos and Wright (2005) and is related to a series of papers, where corporate
bonds have a liquidity premium due to the liquidity service they provide, such
as Geromichalos, Licari, and Sudrez-Lledé (2007), Lagos (2011), Nosal and
Rocheteau (2012), Andolfatto, Berentsen, and Waller (2013), and Hu and
Rocheteau (2015).* The firm side of the model is related to Rocheteau, Wright,
and Zhang (2018). While in their paper firms finance using internal financing or
bank loans, in this paper I focus on external financing, in particular corporate
bond issues and bank loans.

On the empirical side, this paper is mainly related to Gertler and Karadi
(2015). They find that a higher nominal policy rate increases the corporate
bond premium during the whole period that encompasses both before and after
the TRACE was introduced. In this paper, I show that the positive relationship
is observed in the pre-TRACE period (more prominently) but overturned in
the post-TRACE period, and attribute the reversal to the structural change in
the corporate bond secondary market that strengthened the liquidity premium
channel of monetary policy transmission.

This paper is thus also related to the literature that examines the relation-
ship between monetary policy and the liquidity premium of liquid assets. Nagel
(2016) and Drechsler, Savov, and Schnabl (2018) provide empirical evidence that

the liquidity premium of Treasuries is positively associated with the short-term

“While in this paper the liquidity property of assets is direct in the sense that they
serve as a medium of exchange and thus help to facilitate trade in frictional decentralized
markets for goods, it can be microfounded by introducing secondary markets where agents
can liquidate assets for money. See for example Berentsen, Huber, and Marchesiani (2014,
2016), Geromichalos and Herrenbrueck (2016, 2022), Geromichalos, Herrenbrueck, and Salyer
(2016), Mattesini and Nosal (2016), Herrenbrueck and Geromichalos (2017), Geromichalos,
Herrenbrueck, and Lee (2018, 2022), Herrenbrueck (2019a), and Madison (2019).



interest rates.” The rationale is the exact same as the one described in this
paper: the short-term interest rates imply a higher opportunity cost of holding
money and hence a higher premium for the liquidity service benefits of assets
that can be substitutes for money. This paper complements the literature by
providing evidence that a similar relationship between monetary policy and
the liquidity premium holds also for corporate bonds. On a similar note, Lagos
and Zhang (2020) provide an empirical study on the equity market.

This paper is also related to the empirical literature that investigates the
impact of the implementation of the TRACE on the liquidity of the corporate
bond secondary market, such as Bessembinder, Maxwell, and Venkataraman
(2006), Edwards, Harris, and Piwowar (2007), and Goldstein, Hotchkiss, and
Sirri (2007). This paper contributes to the literature by connecting the dis-
cussion to monetary policy, examining how the introduction of the TRACE
reshaped the way the corporate bond premium responds to changes in mone-
tary policy.

Also related is the literature that studies firms’ financing choices and credit
composition, which includes for instance Denis and Mihov (2003), Adrian, Colla,
and Shin (2012), Becker and Ivashina (2014), Schwert (2018), and Grosse-
Rueschkamp, Steffen, and Streitz (2019). This paper is especially relevant to
Becker and Ivashina (2014), as they provide direct empirical support for one
of the predictions of the model in this paper that firms switch from loans to
bonds following an increase in the nominal policy rate. Grosse-Rueschkamp,
Steffen, and Streitz (2019) provide empirical evidence of a similar change in
firms’ credit composition following large-scale corporate bond purchases.

From a broader perspective, this paper is related to the strand of literature
that examines firms’ heterogeneous responses in their investment to monetary

policy. The heterogeneity that has been looked into depends on the firms’

5One should be careful when comparing the results in Nagel (2016) or Drechsler, Savov,
and Schnabl (2018) with the results in this paper, as the definition of the liquidity premium
in those papers is different from how it is defined in this paper. In those papers, the liquidity
premium is defined in terms of the yield, whereas this paper defines it in terms of the price.
Hence, the former definition is essentially a reciprocal of the latter, and they moves in the
opposite directions. For consistency, I rephrase the results of those papers using the definition
of this paper.



various characteristics such as cash flows (Oliner and Rudebusch, 1992), size
(Gertler and Gilchrist, 1994; Bernanke, Gertler, and Gilchrist, 1996), liquid
asset holdings (Kashyap, Lamont, and Stein, 1994; Jeenas, 2019), default
risk (Ottonello and Winberry, 2020), and age and dividend payouts (Cloyne,
Ferreira, Froemel, and Surico, 2019). This paper contributes to the literature
by providing empirical evidence that the borrowing costs in distinct financial
markets can move asymmetrically, thereby suggesting the access to the cor-
porate bond market as another source for firms’ heterogeneous responses to
monetary policy.

As for the suboptimality of the Friedman rule, there exist generally two
classes of models where a positive cost of holding money can be welfare
improving.® One is the models where monetary policy has distributive effects
(Molico, 2006; Rocheteau, Weill, and Wong, 2019), and the other is the models
with search externality, where increasing the cost of carrying money can fix
this inefficiency (Rocheteau and Wright, 2005; Berentsen, Rocheteau, and Shi,
2007; Geromichalos and Jung, 2019). Another related is Berentsen, Camera,
and Waller (2007), who shows that a higher nominal policy rate can improve
welfare by relaxing an endogenous borrowing constraint in a banking sector. My
paper provides a new rationale for why the Friedman rule can be suboptimal:
monetary policy has an asymmetric effect on credit costs across various financing
sources, and raising the nominal policy rate can lower the risk that agents face
in their trading with firms by reducing the variance of the distribution of firms’
production capacity. This implies that the corporate finance structure of an
economy matters for monetary policy, and Holm-Hadulla and Thiirwachter

(2021) provide empirical evidence for this implication.

Definitions of premiums. It is important to clarify how in this paper the
premiums are defined. Following the New Monetarist literature, in this paper
the liquidity premium of corporate bonds is the additional price that agents
are willing to pay over their fundamental value for the liquidity service that

the assets provide. On the contrary, the bond premium is defined in terms

SFor an exhaustive list of the papers in which a deviation from the Friedman rule can be
optimal, see Section 6.9 of Nosal and Rocheteau (2017).



of the yield, not the price, following Gilchrist and Zakrajsek (2012); that is,
it is the yield of a bond minus the yield associated with a price that equals
the net present value of the cash flows, or the fundamental value, of the bond.
Thus, under these definitions, the liquidity premium and the bond premium

are negatively correlated.

Structure of the paper. Section 2 describes the model, and Section 3 character-
izes the equilibrium of the model and examines monetary policy transmission
to credit costs. Section 4 contains empirical analysis that provides evidence
for the predictions of the model. Section 5 analyzes how monetary policy
affects firms’ credit composition. Section 6 studies optimal monetary policy.

Section 7 concludes.

2 The Model

Time is discrete and continues forever. Each period is divided into two sub-
periods. In the first subperiod, agents visit a decentralized goods market a la
Kiyotaki and Wright (1993), where frictions, such as anonymity and imperfect
commitment, make a medium of exchange necessary. In the second subperiod,
three markets open in order: a Walrasian or centralized market (CM), which
is the frictionless, competitive settlement market of Lagos and Wright (2005);
an over-the-counter (OTC) market for bank loans, as in Rocheteau, Wright,
and Zhang (2018); and a competitive market for intermediate goods, which are
used as inputs for production in the DM. Agents discount across periods, but
not subperiods, at rate 5 € (0,1).

There are four distinct types of agents—consumers, firms, banks, and
intermediate good suppliers (hereafter, suppliers)—and two types of assets—fiat
money and corporate bonds—in this economy. Consumers live forever and
their measure is normalized to the unit. They consume (or produce) a general
good (which is taken as the numeraire) in the CM and consume a special good
in the DM. They have a linear preference ¢ over ¢ units of the numeraire, where

¢ > 0 is interpreted as consumption of the numeraire and ¢ < 0 as production,



and derive utility u(q) from consuming ¢ units of the special good, where u is
twice continuously differentiable, u(0) = 0, v’ > 0, v/(0) = 0o, u/(c0) = 0, and
u” < 0. In the CM, consumers can choose to hold any amount of money and
purchase any amount of corporate bonds at the ongoing price. The corporate
bonds are one-period real, that is, each unit of the bond purchased in this
period’s CM will deliver one unit of the numeraire in the next period’s CM.
In the DM, they purchase the special good from firms, and both money and
corporate bonds can serve as media of exchange.

Firms live for one period and their measure is normalized to the unit.
They are born in the second subperiod and die next period in the second
subperiod after settlement. They produce the special good in the DM and
consume (and produce) the general good in the CM during the second period of
their life. As is the case with consumers, firms have a linear preference over the
numeraire. To produce the special good, firms need intermediate goods, which
can be purchased from suppliers using the general good in the intermediate
goods market. However, it is assumed that firms, when they are just born,
do not have access to the technology to produce the general CM good. There
are two ways of acquiring the general good: one is to issue corporate bonds
and the other is to obtain a loan from a bank. For the moment, it is assumed
that the measure A € (0, 1) of firms issue corporate bonds, and the measure
1 — X of firms borrow from a bank.” Once firms acquire the general CM good
using either way of external financing, they purchase the intermediate goods
from suppliers in exchange for those CM good. Then, using those intermediate
goods, in the DM they produce the special good with linear technology and
sell it to consumers. Any leftover intermediate goods can be brought to the
CM and turned into the general good with linear technology. In the CM in
the second period of their life, after repaying the debt (from issuing corporate
bonds or borrowing from a bank) they consume the general good and die.

Banks live forever and they consume (and produce) the general good in

"Section 5 endogenizes the ways of firms’ external financing. In that extended version of
the model, some firms will (endogenously) finance through both corporate bond issuance
and a bank loan, while others finance in either of the two ways.

10



the CM, over which they also have a linear preference. They provide one-period
loans to firms in terms of the general CM good in the OTC market for loans,
where banks and firms negotiate over the size and the interest rate of loans. The
measure of banks is assumed to be A (for the reason explained below). Suppliers
also live forever, consume (and produce) the general good in the CM, and have
a linear preference over the numeraire. They produce the intermediate good
with linear technology and sell it to firms in the intermediate goods market.
Due to constant returns to scale in their production, the measure of suppliers
is irrelevant.

As was mentioned, bank loans are made, realistically, in the OTC market,
which is characterized by search and bargaining. To keep the analysis simple,
it is assumed that all firms match with a bank, and, accordingly, that the
measure of banks is A. The terms of a loan contract are determined through
the proportional bargaining solution of Kalai (1997) between a firm and a
bank, and the bank’s bargaining power is denoted n € (0,1). The DM is also
characterized by search and bargaining, and all consumers are, for simplicity,
assumed to match with a firm. The surplus generated within a match is split
according to Kalai’s proportional bargaining, and the consumer’s bargaining
power is denoted 6 € (0,1). As was mentioned, both money and corporate
bonds can serve as media of exchange. However, corporate bonds are partially
liquid, and only a fraction x € (0,1] of them can be used as payment. This
assumption is meant to capture the idea that, when in need of extra money;,
consumers liquidate corporate bonds in a secondary market, but due to frictions,
trading delays, intermediation fees, etc., only a fraction of these bonds can be
sold. Hence, the fraction of bonds that consumers can use is meant to capture
the degree of liquidity in the secondary market for those assets. Naturally,
the liquidity properties of corporate bonds affect their equilibrium price and,
consequently, the issuance decision of firms.

The supply of corporate bonds is endogenously determined by the issuance
decision of firms. The supply of money is controlled by the monetary authority,
and evolves according to M;,; = (1 4+ m)M,, where 7 is the rate of monetary

expansion (or contraction if 7 < 0) implemented by lump-sum transfers to (or

11



taxes on) consumers at the beginning of the second subperiod. Money has
no intrinsic value, but it is portable, storable, and recognizable, making it an
appropriate medium of exchange in the DM. The cost of holding money is
represented by ¢ = (1 + )/ — 1, which is the nominal interest rate on an
illiquid bond (if such a bond were introduced). An equilibrium exists for i > 0,
or m > [ — 1, and the Friedman rule is considered as ¢ — 0, or 1 — § — 1. The
first-best level of trade in the DM is denoted ¢ which satisfies u/(¢*) = 1.

3 Analysis of the Model

In order to streamline the analysis, the details for the analysis of the model are

relegated to Online Appendix A.1. Here I provide a summary and intuitions.

Terms of Trade. First consider a meeting in the DM between a consumer who
carries m amount of real balances and ¢ amount of corporate bonds and a firm
that brings & amount of intermediate goods. The two parties bargain over the
quantity of the DM goods to trade, ¢, and the amount of financial wealth for the
consumer to transfer to the firm, p. Recall that corporate bonds are partially
liquid, and that only a fraction y can be used as a medium of exchange. Hence,
the maximum amount of financial wealth that the consumer can use towards
trade is m + ya. The firm can produce the DM goods with linear technology
up to k units. Trade is therefore subject to both the consumer’s liquidity
constraint, p < m + ya, and the firm’s production capacity constraint, ¢ < k.

The bargaining solution is given by

p=v(q) = (1 =0)ulq) +0q, v'(g) >0, (1)
q = min{v~"(m + ya), k}, (2)

where 6 is the consumer’s bargaining power. The total surplus is u(q) — ¢, and,
as a result of bargaining, the consumer takes # share of it, and the firm takes
1 — 0 share. A consumer must transfer v(q) amount of financial wealth to a
firm to get ¢ amount of the DM goods, and a larger amount of financial wealth

is needed for a larger amount of the DM goods. The amount of the DM goods

12



traded is the smaller one between what the consumer can afford at most and

what the firm can produce at most.

Loan Contract. Consider a meeting in the OTC market for loans between a
firm and a bank with w amount of financial wealth that can be lent as a loan.
The two parties bargain over the amount of numeraire that the bank lends to
the firm, ks, and the amount of numeraire that the firm needs to repay to the
bank in the next period’s CM, (1 + r,)k, where 7, is the real lending rate. The

bargaining solution is given by

ke =v ' (m + xa), (3)
e = 77(1 — 6)(:(’%) — ké)’ (4)
¢

where 7 is the bank’s bargaining power. The firm borrows as much as (and no
more than) what it needs to satisfy the consumer’s demand in the DM. The
total surplus is (1 — 0)(u(k¢) — k¢), which equals the firm’s surplus in the DM
when bringing k£, amount of intermediate goods, and, as a result of bargaining,
the bank takes n share of it, and the firm takes 1 — 7 share. The terms of DM
trade for this firm are denoted (pr, qr).

Bond Supply. A firm, which finances by issuing corporate bonds, chooses how
many corporate bonds to issue, A, to maximize the profit (1 — 0)(u(vA) —
1 A) — (1 — ) A, where the first term is the firm’s surplus in the DM and the
second is the net cost of issuing bonds. The bond supply, A, is given by

=@ (M) e, 5

or v=!(m + xa) /v if A exceeds it since the firm will not want to borrow more
than it needs to produce what a consumer can afford. Here I restrict attention
to the case where A < v=(m + xa)/1.® The terms of DM trade for this firm
are denoted (pg, qp).

8This essentially means that 4 is not too high (Assumption 1). Online Appendix A.3 pro-
vides the characterization of the equilibrium outside this parameter space.
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Consumer Behavior. In equilibrium, as discussed above, qg = A < v~ (m +
xa) and qr, = v~'(m + xa), and the consumer’s money and bond demand are

given by

i=(1—XL(m+ xa), (6)
¥ = B(1+ xi), (7)

where L(-) = u/(v71(+))/v'(v™1(+)) — 1 with L'(-) < 0. The 1 — X term in the
money demand indicates that what matters for consumers at the margin is the

meetings with firms financing using loans.

3.1 Monetary Policy Transmission to Credit Costs

This section describes the pass-through from the nominal policy rate to the
real borrowing costs in the corporate bond market and the bank loan market.
The equilibrium price of corporate bonds is given by (7): ¢ = (1 + xi). The
liquidity premium of corporate bonds is defined as LP = i, the percentage
difference between the price of corporate bonds and their fundamental value,
that is, the additional price that agents are willing to pay over their fundamental
value for the liquidity service that the assets provide. A higher nominal policy
rate increases the price of corporate bonds by increasing their liquidity premium:
O /0i > 0 and OLP/0i > 0. The intuition is as follows. A higher nominal
policy rate implies the opportunity cost of holding money, suppresses the
demand for money, and reduces real money balances. Due to less prevalent
liquidity in the economy, the corporate bonds are more valued for their liquidity
role. This increases their liquidity premium and consequently their equilibrium
price, which means issuing corporate bonds becomes less expensive. This is the
channel that the model highlights, and it is labeled this the liquidity premium
channel of monetary policy transmission.

Later in the empirical analysis, when studying how the borrowing cost in
the corporate bond market responds to changes in the nominal policy rate, I
use the corporate bond premium data constructed by Gilchrist and Zakrajsek

(2012), who define the premium as the (nominal) yield of a bond minus the
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(nominal) yield associated with a price that equals the net present value of the
cash flows, or the fundamental value, of the bond. Following this definition,
the corporate bond premium equals j — ¢, where j denotes the nominal yield
of corporate bonds, i.e., j = (1 +m)/¢¥ — 1, and i denotes the nominal yield
associated with their fundamental value (which is 3), i.e., i = (1 + )/ — 1:

1 1
BPEj—i%log( ;ZW) —log( —;W) ~ —Xi.

Thus, under these definitions, the liquidity premium and the corporate bond
premium are negatively correlated. The pass-through from the nominal policy
rate to the corporate bond premium, in this model, is negative, dBP/di < 0,
which comes from the positive effect of the nominal policy rate on the liquidity
premium. The pass-through becomes stronger as x increases, i.e., as the
liquidity in the corporate bond secondary market improves: 0|0LP/0i|/0x > 0
and 0|0BP/0i|/0x > 0.

The real yield of corporate bonds equals

jreal = % — 1= log(%> ~ —log 8 + BP.
As [ represents how much the agents discount the future, which is not af-
fected by the nominal policy rate, changes in the corporate bond premium
are translated into changes in the real yield of corporate bonds. Thus, in the
following discussion, changes in the corporate bond premium and changes in
the borrowing cost in the corporate bond market are used interchangeably.
Next consider the borrowing cost in the bank loan market. A higher
nominal policy rate leads to a higher real loan rate: dry/di > 0. This can
be seen from observing dry/0k < 0 from (4), 0k/d(m + xa) > 0 from (3)
and v'(+) > 0, and d(m + xa)/0i < 0 from (6) and L'(-) < 0. The intuition is
as follows. Recall that the real loan rates are determined in the OTC market
for loans, where firms and banks are matched and bargain over the size and
the interest rate of a loan. From (3), with an increase in the nominal policy

rate, the cost of holding money increases, agents carry less liquidity, and firms
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borrow less from a bank since agents can afford less. As a result, from (4), the
real loan rate increases as it depends positively on the marginal benefit of a
loan, and the latter decreases in the loan size. This means that borrowing from
a bank becomes more expensive.

The following proposition summarizes the discussion.

Proposition 1. As the nominal policy rate increases, the liquidity premium
of corporate bonds increases, the corporate bond premium decreases, and the
real borrowing cost in the corporate bond market decreases. The strength of this
pass-through depends positively on the liquidity in the corporate bond secondary
market. As the nominal policy rate increases, the real loan rate increases, that

18, the real borrowing cost in the bank loan market increases:

9*BP
01 0x

ajreal 6746
<0, — >0.
01 )

OLP 0BP ‘ O?LP

570 < || 70

‘>0,

3.2 Nominal Policy Rate

In the next section, when studying empirically the monetary policy transmission,
I use the Treasury rate as the nominal policy rate. In the discussion so far, ¢
has been considered as the nominal policy rate, and, to be precise, this is the
nominal interest rate on a perfectly illiquid bond (if such a bond were in the
model). Treasuries are of course liquid and thus their rate is a different object
than ¢. This section is to provide the connection between ¢ and a nominal
interest rate on a liquid government bond, such as Treasuries.

Assume that there are government bonds supplied at a fixed amount.
Denote their nominal interest rate i,. Also, assume that those bonds are
partially liquid, and that a fraction x, € (0,1] can be used for liquidity
purposes. In this case, in equilibrium, i, is given by

(1—xg)i 01

1y = ——+-—, — > 0.
T 1+ xyi i

That is, there is a one-to-one positive relationship between i and 7,. Hence, in
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the following empirical exercises, I adopt the Treasury rate as the policy rate.’

4 Empirical Analysis

4.1 The Introduction of the TRACE and the Structural
Change in the Corporate Bond Secondary Market

The trading environment in the U.S. corporate bond secondary market, which
is a dealer-oriented OTC market, had been highly opaque for decades. All
transaction-related information, such as prices and volumes at which the assets
were traded, was available only to the parties involved in the transactions. Such
nontransparency led to information asymmetry between dealers and potential
traders, and dealers took advantage of it by extracting rents from less-informed
customers. The rent-seeking behaviors of dealers incurred investors a huge
amount of trading costs and hindered the secondary market from being liquid.'°

To enhance the transparency and integrity of the corporate bond secondary
market, with the approval of the Securities and Exchange Commission (SEC),
beginning on July 1, 2002, the National Association of Security Dealers (NASD),
a predecessor of the Financial Industry Regulatory Authority (FINRA), required
dealers to report all transaction-related information of every trade for publicly
traded corporate bonds, including the identification of traded bonds, the date
and the time of execution, trade size and price, and whether dealers were a

buyer or a seller in transactions.!! The Transaction Reporting and Compliance

9Although theoretically it is possible to generate a negative relationship between i
and i, (see for instance Geromichalos and Herrenbrueck (2022) who study an economy
with a microfounded asset secondary market), in a companion paper Herrenbrueck (2019b)
empirically shows that, except for Volcker’s disinflation period in his first term (1981-1982),
the estimated ¢ and the nominal interest rate on the public debt have been positively
correlated. This provides another justification for using the Treasury rate as the policy rate,
as the sample period in the empirical analysis starts from 1990.

10See Biais and Green (2019) for a more detailed discussion on how the opaque transaction
environment deteriorated the liquidity of the corporate bond secondary market.

The TRACE was phased in over the period from July 1, 2002, to January 9, 2006.
Phase I, effective on July 1, 2002, was limited to the large and generally high-credit quality
issues (approximately 520 bonds); Phase II, initially on March 3, 2003, and fully effective on
April 14, 2003, was expanded to smaller investment-grade issues (first AAA, AA, A, then
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Engine (TRACE) was the platform that the NASD developed to facilitate
this mandatory reporting. Under this new system, investors have access to
accurate and timely corporate bond transaction information and are able to
better gauge the quality of the execution they are receiving from their dealers.

Several studies evaluate the impact of the TRACE on the liquidity of
the U.S. corporate bond secondary market, providing empirical evidence that
the transaction transparency under the new system reduced the information
asymmetry problem between dealers and investors, led to a significant drop in
trading costs, and substantially improved the market liquidity. For example,
Bessembinder, Maxwell, and Venkataraman (2006), Edwards, Harris, and
Piwowar (2007), and Goldstein, Hotchkiss, and Sirri (2007) find that the
market liquidity increased by 50-84% as a result of the mandatory transaction
reporting system, documenting this dramatic improvement in the market

liquidity as a structural change in the U.S. corporate bond secondary market.

4.1.1 Hypotheses

In the model, as summarized in Proposition 1, the real rate at which firms
borrow in the corporate bond market and that in the bank loan market move
in the different directions following changes in the nominal interest rate. Now
the questions are: Is there evidence for the mechanism for this? Are such
movements of the real rates observed empirically? The model focuses on a
specific channel, which is through the liquidity premium of corporate bonds,
and, of course, there are other channels in action as well in reality.'? Thus,

whether such movements of the real rates can materialize is a quantitative

BBB rated bonds, a total of approximately 4,650 bonds); Phase III, intially on October 1,
2004, and fully effective on February 7, 2005, was expanded to approximately 99% of all
public transactions; and finally on January 9, 2006, it applied to all public transactions. See
FINRA (2005) and Bessembinder and Maxwell (2008) for more detailed information on the
TRACE history and timeline.

12The credit channel is an example of the other channels, which could offset the liquidity
premium channel. According to the credit channel, when financial market imperfections are
present, a higher nominal policy rate increases the corporate bond premium by tightening
credit constraints and subsequently affecting firms’ ability to borrow. See for instance
Bernanke and Gertler (1989), Kiyotaki and Moore (1997), and Bernanke, Gertler, and
Gilchrist (1999).
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question that depends on whether the channel highlighted in the model can
be dominant.

The improvement in the corporate bond secondary market liquidity in
consequence of introducing the TRACE can be interpreted as an increase in y
in the model—the fraction of corporate bond holdings that can be used towards
trades for liquidity purposes—as this parameter represents the degree of the
secondary market liquidity: it captures the idea that, when in need of extra
money, agents liquidate corporate bonds in a secondary market, but due to
frictions, trading delays, intermediation fees, etc., only a fraction of these bonds
can be sold. This in turn implies that, as stated in Proposition 1, the liquidity
premium channel of monetary policy transmission must be stronger during the
period after the TRACE was implemented.

Empirical evidence in the literature shows that, as a result of the improved
corporate bond secondary market liquidity with the introduction of the TRACE,
liquidity has become a significant component of the corporate bond premium.
For example, Bao, Pan, and Wang (2011) find that liquidity explains 47-60%
of the time variation of aggregate bond spreads of high-rated bonds, even larger
than the variation that can be explained by credit risk.

Based on all these observations, I hypothesize that the introduction of the
TRACE has strengthened the liquidity premium channel in monetary policy
transmission so that it might have become a dominant channel. Closely related
to this question is Gertler and Karadi (2015), who find that, on average, a
higher nominal policy rate increases the corporate bond premium during the
whole period 1979-2012 that encompasses both before and after the TRACE
was introduced. If the hypothesis is true, then the positive relationship between
the nominal policy rate and the corporate bond premium should appear more
prominently in the pre-TRACE period when the liquidity premium channel is
relatively weak, whereas the positive relationship should be overturned in the
post-TRACE period.

In the following sections, I provide empirical evidence that it is indeed
the case. Section 4.2 compares the effect of monetary policy on the corporate

bond premium across the two periods before and after the introduction of the
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TRACE, Section 4.3 provides evidence for the liquidity premium channel, and

Section 4.4 examines the response of real loan rates to monetary policy shocks.

4.2 Corporate Bond Premium and Monetary Policy Shocks
4.2.1 Empirical Framework

This section examines the dynamic response of the corporate bond premium
to an increase in the nominal policy rate. I employ the structural vector
autoregression with external instruments (SVAR-IV), introduced by Stock
(2008) and Mertens and Ravn (2013) and applied to monetary policy by Gertler
and Karadi (2015), and the local projection instrumental variable (LP-IV)
approach, introduced by Jorda (2005) and Jorda, Schularick, and Taylor (2020).
For the corporate bond premium, I use the excess bond premium measured
by Gilchrist and Zakrajsek (2012), which is calculated by the yield of a bond
minus the yield associated with a price that equals the net present value of the
cash flows, or the fundamental value, of the bond. The SVAR-IV system also
includes the following three variables: the 1-year Treasury constant maturity
rate (as the policy rate), industrial production (100 times log of it), and the
consumer price index (100 times log of it). The same three variables are used
as control variables in LP-IV. To ensure the results are not driven by other
macro factors and to limit any potential reverse causality issues, I exploit
the high-frequency identified monetary shocks as an instrument. Specifically,
I use the three-month-ahead financial market surprises from Federal Funds
futures in a 30-minute window around the Federal Open Market Committee
policy announcements, constructed by Gertler and Karadi (2015), as exogenous
variations in the policy rate. The sample period spans 1990:2-2016:12 with
monthly frequency. To examine the potentially different effect of a monetary
policy shock on the corporate bond premium across the two periods before
and after the introduction of the TRACE, I divide the sample period into
two: 1990:2-2003:2 for the pre-TRACE period and 2003:3-2016:12 for the
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post-TRACE period.'® For both the SVAR-IV and LP-IV specifications, 12-
month lags of the four main variables and 4-month lags of the instrument are
included. I do the unit effect normalization following Stock and Watson (2018)
for direct estimation of the dynamic causal effect in the native unit relevant to
policy analysis. The standard errors are calculated using the sample variances
computed from 1,000 draws from a parametric Gaussian bootstrap for SVAR-
IV, and using the Newey-West heteroskedastic and autocorrelation consistent
standard errors for LP-IV. For each point estimate along the horizons, the 95%

confidence interval is shown.

4.2.2 Results

The response of the excess bond premium to a one-percent increase in the
nominal policy rate (the 1-year Treasury rate) estimated using SVAR-IV is
shown in Figure 1, and the response estimated using LP-1V is shown in Figure 2.
In both figures, the left panel is for the entire period (that covers both the
pre- and the post-TRACE periods), the middle panel is for the pre-TRACE
period, and the right panel is for the post-TRACE period. To ensure that
the instrument is valid, I check the heteroscedasticity-robust F-statistics from
the first-stage regression, and all are safely above the threshold suggested by
Stock, Wright, and Yogo (2002) to rule out a reasonable likelihood of a weak
instruments problem. When estimated using the entire sample, consistent with
the results of Gertler and Karadi (2015), the excess bond premium increases
following a one-percent increase in the nominal policy rate.!* However, the
response of the excess bond premium is not the same across the two periods:
the pre- and the post-TRACE periods. During the pre-TRACE period, the
positive response of the excess bond premium to a one-percent increase in the
nominal policy rate appears more persistent and significant. On the other hand,

during the post-TRACE period, the response of the excess bond premium is

13The breakpoint 2003:3 is when the mandatory reporting to the TRACE started to be im-
posed on a significant portion of corporate bonds (see footnote 11). In Online Appendix B.2.1,
I check the results are robust to alternative breakpoints.

14The left panel for the entire period in Figure 1 is basically the result in Gertler and
Karadi (2015).
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Figure 1: The response of the excess bond premium to a one-percent increase in
the nominal policy rate for different sample periods, estimated using SVAR-IV
with unit effect normalization. Entire period: 1990:2-2016:12; pre-TRACE
period: 1990:2-2003:2; post-TRACE period: 2003:3-2016:12. The dashed lines
are the 95% confidence interval.
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Figure 2: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using LP-IV
with unit effect normalization. Entire period: 1990:2-2016:12; pre-TRACE
period: 1990:2-2003:2; post-TRACE period: 2003:3-2016:12. The dashed lines
are the 95% confidence interval.

not just less strong but it becomes negative (in medium and long horizons).
These results are consistent with the hypotheses, based on the predictions
of the model, in Section 4.1.1. As a consequence of the introduction of the
TRACE and the improved liquidity in the corporate bond secondary market,
the liquidity premium channel has been strengthened, and become a dominant
channel, in monetary policy transmission. The overall positive relationship

between the nominal policy rate and the corporate bond premium during
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the whole period, which encompasses both before and after the TRACE was
implemented, appears more prominently during the pre-TRACE period when
the liquidity premium channel is relatively weak, whereas it is overturned during
the post-TRACE period when the liquidity premium channel is strong and

dominant. Online Appendix B.2.1 contains the sensitivity check to the results.

4.3 Liquidity Premium and Monetary Policy Shocks
4.3.1 Empirical Framework

This section provides evidence for the liquidity premium channel of monetary
policy transmission: a positive effect of the nominal policy rate on the liquidity
premium of corporate bonds. The two common liquidity measures are bid-ask
spreads and trading volume. The more liquid the corporate bonds, the bid-ask
spreads should be narrower, and the trading volume should be larger. That is,
the liquidity premium and the bid-ask spreads are negatively correlated, while
the liquidity premium and the trading volume are positively correlated. Both
measures are calculated using the corporate bond transaction data from the
TRACE database, following Adrian, Fleming, Shachar, and Vogt (2017): the
bid-ask spreads compute the average daily bid-ask spreads by month across
bonds,'® and the trading volume computes the average daily trading volume by
month across bonds. The liquidity measure (100 times log of it) is added to the
SVAR-IV and LP-IV specifications of Section 4.2. Since the liquidity measures
are based on the TRACE database, which obviously starts only after the
TRACE was introduced, this section examines solely the post-TRACE period.

4.3.2 Results

The response of the bid-ask spreads in the corporate bond secondary market to

a one-percent increase in the nominal policy rate (the 1-year Treasury rate) is

15Specifically, first, spreads are calculated daily for each bond as the difference between
the average (volume-weighted) dealer-to-client buy price (the price at which dealers are
willing to buy, or bid) and the average (volume-weighted) dealer-to-client sell price (the price
at which dealers are willing to sell, or ask). Then, the spreads are averaged across bonds
using equal weighting and across days for each month.
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Figure 3: The response of the bid-ask spreads of corporate bonds to a one-
percent increase in the nominal policy rate during the post-TRACE period,
estimated using LP-IV and SVAR-IV with unit effect normalization. Sample
period: 2003:3-2016:12. The dashed lines are the 95% confidence interval.
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Figure 4: The response of the trading volume of corporate bonds to a one-
percent increase in the nominal policy rate during the post-TRACE period,
estimated using LP-IV and SVAR-IV with unit effect normalization. Sample
period: 2003:3-2016:12. The dashed lines are the 95% confidence interval.

shown in Figure 3, and the response of the trading volume is shown in Figure 4.
Both figures consider the post-TRACE period, and, in both figures, the left
panel is the estimation using LP-IV, and the right panel is the estimation using
SVAR-IV. For all results, I check the heteroscedasticity-robust F-statistics
from the first-stage regression to ensure that the results are not subject to a
weak instruments problem, and all are safely above the threshold suggested
by Stock, Wright, and Yogo (2002). Figure 3 shows that the bid-ask spreads

respond negatively to a one-percent increase in the nominal policy rate, and
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Figure 4 shows that the trading volume responds positively to a one-percent
increase in the nominal policy rate. Both results indicate the liquidity premium
channel of monetary policy transmission is in action: the liquidity premium of
corporate bonds becomes larger following an increase in the nominal policy rate.
The response of the liquidity premium become more noticeable in medium and
long horizons, and this timing coincides with the timing of the response of the
excess bond premium being negative during the post-TRACE period.'® Online
Appendix B.2.2 contains the sensitivity check to the results.

4.4 Bank Loan Rates and Monetary Policy Shocks
4.4.1 Empirical Framework

This section examines the dynamic response of the real bank loan rates to
changes in monetary policy and provide evidence for the post-TRACE period
that an increase in the nominal policy rate raises the real bank loan rates, as
opposed to the case of corporate bonds. The real bank loan rate is calculated
as the nominal bank loan rate minus the expected inflation rate. The real loan
rate is added to the SVAR-IV and LP-IV specifications of Section 4.2. The
expected inflation rate is the 5-year forward inflation expectation rate from
the Federal Reserve Economic Data (FRED), and the data starts from 2003,
so this section considers solely the post-TRACE period.

4.4.2 Results

The response of the real bank loan rate to a one-percent increase in the nominal
policy rate (the 1-year Treasury rate) during the post-TRACE period is shown
in Figure 5. The left panel is the estimation using LP-IV, and the right panel
is the estimation using SVAR-IV. The heteroscedasticity-robust F-statistics
from the first-stage regressions ensure that the results are not subject to a
weak instrument problem, and all are safely above the threshold suggested by
Stock, Wright, and Yogo (2002). The results show that, consistent with the

16For example, compare the right panel of Figure 1 or 2 with the right panel of Figure 3 or 4.
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Figure 5: The response of the real loan rate to a one-percent increase in the
nominal policy rate during the post-TRACE period, estimated using LP-IV
and SVAR-IV with unit effect normalization. Sample period: 2003:3-2016:12.
The dashed lines are the 95% confidence interval.

hypotheses, based on the predictions of the model, in Section 4.1.1, during the
post-TRACE period, an increase in the nominal policy rate raises the real bank
loan rates, as opposed to the case of corporate bonds. Online Appendix B.2.3

contains the sensitivity check to the results.

5 The Effect of Monetary Policy on Firms’

Credit Composition

This section examines how changes in monetary policy affect the composition of
firms’ credit. Previously, it was assumed that some firms finance solely through
issuing corporate bonds and the others solely through borrowing from a bank.
In this section, I allow some firms to use both ways of external financing.
The specific setups are as follows. Consistent with the reality, some firms are
assumed to not have access to the corporate bond market, and their measure
is 1 — A € (0,1). On the other hand, all firms have access to the bank loan
market. However, as in Rocheteau, Wright, and Zhang (2018), firms should
look for a bank that is willing to provide a loan to them, and the chance to
be successful in finding one is a € (0,1). As a result, among the measure A
of firms with access to the corporate bond market, aX will be able to finance

through both corporate bond issuance and a bank loan. When a firm has both
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options, it first decides how many corporate bonds to issue, then negotiates
with a bank the terms of a loan contract.'” In order to streamline the analysis,
the details for the analysis of the model are relegated to Online Appendix A.2.

Here I provide a summary and intuitions.

Loan Contract. Now there are two types of meetings in the OTC market for
loans: one between a bank and a firm with no access to the corporate bond
market, and the other between a bank and a firm with access to the corporate
bond market and thus has issued corporate bonds before entering the OTC
market for loans. The bargaining problem in the former meeting is the same
as in Section 3, and the solution is given by (3) and (4). In the latter meeting,
a bank and a firm, which has already raised ©»A amount of funds by issuing
A amount of corporate bonds at price v, bargain over the terms of a loan

contract, (kP rP). The bargaining solution is given by

ki = v (m+ xa) — ¢A, (8)
YA+ k) —u(A)
kp

P =n(1-0)| % -1, )
The —9A term appears in (8) since the firm now has already raised funds
through corporate bond issuance. Here the total surplus is (1 — 0)[u(yA +
kB) —u(A) — kP]. Tts difference from that in Section 3 arises from the fact
that now the firm has an outside option, that is, it can still produce a positive

amount even without a loan.

Bond Supply. A firm chooses how many corporate bonds to issue, A, to
maximize the profit (1 —6)[u(YA+kP) — (VA+kP)] — (1 —)A—rPkP, where
the first term is the firm’s surplus in the DM and the rest is the net cost of

1"The measure (1 — a)A of firms, among A with access to the corporate bond market, will
have to finance only through issuing corporate bonds. Among 1 — A with no access to the
corporate bond market, a(1 — \) will finance only through a bank loan, while (1 — a)(1 — X)
will not be able to raise funds and is not productive in that period. To simplify the exposition,
the measure of consumers is normalized to a(1 — A) + A so that all consumers match with a
firm in bilateral meetings in the DM.
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issuing bonds and borrowing from a bank. The bond supply, A, is given by

A= () (1/;”__01+1>/¢ (10)

5.1 Credit Composition

Now I examine the composition of firms’ credit between corporate bonds and
bank loans. (10) shows that a firm wants to issue some amount of corporate
bonds before entering the OTC market for loans. The intuition is as follows.
From (9), r2 is an increasing function of ¢ A. It is because firms with large
corporate bond issuance rely less on bank loans (as can be seen from (8) that
kP is decreasing in ©A) and thus can negotiate for a lower real loan rate (as
can be seen from (9) substituting k2 with (8)). The optimal credit composition
balances this benefit against the cost (the liabilities to the bond holders).
Monetary policy changes affect the composition of firms’ credit between
corporate bonds and bank loans. A higher nominal policy rate, 7, decreases the
total size of credit as the consumer’s demand declines due to the higher cost of
holding liquidity, as can be seen from (8) that ¥ A + kZ equals v (m + xa),
which in turn is a decreasing function of ¢ from (6). On the other hand, at the
same time, as is explained in Section 3.1 and Proposition 1, a higher nominal
policy rate makes issuing corporate bonds less expensive, allowing firms to
issue more corporate bonds for the strategic purpose of lowering their financing
costs, as can be seen from (10) that 1A is an increasing function of ¢, which
in turn is an increasing function of 7. As a result, as the nominal policy rate
increases, firms borrow less from a bank, the portion of corporate bonds among
the total credit becomes larger, and the portion of bank loans becomes smaller.

The following proposition summarizes the discussion.

Proposition 2. As the nominal policy rate increases, the size of total credit

decreases. Among the total credit that becomes smaller, firms increase the
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portion of credit from issuing corporate bonds and decrease that from bank loans:

B B B
a(q’h’él——'l—]{/iz}<(]7 wA—i_ké >07 wA—i_kf <0‘
01 01 01

Direct empirical support for this theoretical finding is provided by Becker and
Ivashina (2014), who show that firms switch from bank loans to corporate

bonds following an increase in the nominal policy rate.

6 Optimal Monetary Policy

In this section, I use the model to study optimal monetary policy in an economy,
such as the post-TRACE U.S. economy, where the liquidity premium channel
of monetary policy transmission is dominant, and the real rates at which
firms borrow in distinct financial markets move in different directions following
changes in the nominal interest rate. I consider the environment described in
Section 2.'® With the settlement market at the end of each period, maximizing
welfare is equivalent to maximizing per-period welfare, which equals the sum
of per-period utility of each agent. Per-period utility of suppliers is 0 due to
the CRS technology. Per-period utility of firms that finance through borrowing
from a bank is p;, — q;, — r¢k, and their total measure is 1 — \. Per-period utility
of firms that finance through issuing corporate bonds is pg — ¢ — (1 — 1) A
and their total measure is A. Per-period utility of banks that lend to a firm
is 7ok, and their total measure is 1 — X. Per-period utility of consumers is
(1 —v)a+ (1 —N[ulqr) — pr] + Mu(gs) — ps]. All these sum up to

W = (1= Nlulqr) — qr] + Au(gs) — gzl (11)

A common result in monetary theory is that an increase in the nominal

18 Analysis in the alternative environment in Section 5 needs just a simple relabeling.
Notice from (3) and (8) that when a firm has the option of financing through both corporate
bond issuance and bank loans, the total credit of such a firm is the same as that of the firm

that finances only through bank loans. Relabel 1 — A in this section as 1 — A = « and A in
this section as A = (1 — a)A, and the analysis becomes the same as discussed in this section.
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policy rate hurts welfare: a higher nominal policy rate increases the opportunity
cost of holding liquidity, induces agents to carry less liquidity, and reduces the
quantity of goods they can afford. In this economy, however, the Friedman
rule—implementing zero nominal policy rate—is suboptimal. The rationale is
as follows. When meeting a firm for trade, consumers can meet a firm that
financed only by issuing corporate bonds, or a firm that obtained a loan from a
bank. Increasing the nominal policy rate has the opposite effects across the two
types of meetings. On the one hand, increasing the nominal policy rate makes
issuing corporate bonds less expensive and thus helps firms raise more funds
and bring a larger amount of intermediate goods. More precisely, a higher
nominal policy rate increases the price of corporate bonds by increasing their
liquidity premium from (7); the higher price of corporate bonds makes issuing
corporate bonds cheaper, allowing firms to raise more funds from (5); and firms
can produce more goods by bringing a larger amount of intermediate goods.
On the other hand, increasing the nominal policy rate increases the cost of
holding money and makes consumers carry less liquidity, which in turn makes
firms borrow less from banks due to the lower demand and hurts the latter
type of meeting. More precisely, a higher nominal policy rate reduces the real
amount of liquidity that consumers carry with themselves from (6); due to
the lower demand, firms will borrow less from banks from (3); and a smaller
amount of goods are traded.

Now suppose that the nominal policy rate is currently low, so that the
borrowing cost in the corporate bond market is high and a relatively small
amount of goods are traded in the former type of meeting, while the borrowing
cost in the bank loan market is low and already a large amount of goods are
traded in the latter type of meeting. In such a case, the welfare loss from
an increase in the nominal policy rate in the latter type of meeting is only
second order, while the welfare gain in the former type of meeting is first order.
More precisely, in OW/0i = (1 — A) - O(u(qr) — qr)/0i + X - O(u(gp) — qB) /04,
the first term represents the welfare loss in the latter type of meeting, and
the second term represents the welfare gain in the former type of meeting
as O(u(qr) — qr)/0i < 0 since Jqr,/0i < 0 and O(u(gp) — qp)/0i > 0 since
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Figure 6: The suboptimality of the Friedman rule

dqp/0i > 0. At the Friedman rule, however, when i — 0, d(u(qr) —qr)/di — 0
because ¢, — ¢* as i — 0 and u/(¢*) = 1. Therefore, when i — 0, OW/0i =
A-0(u(gp) —qp)/0i > 0. That is, at the Friedman rule, increasing the nominal
policy rate will be welfare improving. The following proposition summarizes

the discussion.

Proposition 3. A deviation from the Friedman rule is optimal, i.e., the optimal

monetary policy requires © > 0.

Figure 6 depicts (11) and shows that the welfare is maximized at a positive
nominal policy rate, visualizing the discussion that leads to Proposition 3.
The main force that drives this result is the liquidity premium channel of
monetary policy transmission. Therefore, the stronger the channel, the higher
the optimal policy rate. Figure 7 illustrates this argument. In particular,
the optimal nominal policy rate depends on the corporate bond secondary
market liquidity, y, and the corporate finance structure of an economy, \. The
more liquid the corporate bond secondary market (a higher x), or the more
firms financing through issuing corporate bonds (a higher \), the higher the

optimal policy rate.
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Figure 7: The corporate bond secondary market liquidity and the distribution
of firms along their ways of financing matters for the optimal policy rate.

7 Conclusion

Central banks influence firms’ investment through controlling the nominal
policy rate, which then gets transmitted to the real rates at which firms borrow.
I study this transmission mechanism in a general equilibrium macroeconomic
model where firms finance by issuing corporate bonds or by obtaining bank
loans, and where corporate bonds are not just stores of value but also serve a
liquidity role. The model delivers three predictions. First, an increase in the
nominal policy rate can lower the borrowing cost in the corporate bond market,
while increasing that in the bank loan market. This is in sharp contrast with
the common belief that all the rates in the economy move in the same direction
in response to changes in monetary policy, and I provide empirical evidence
that supports the result. Second, a higher nominal policy rate induces firms to
substitute corporate bonds for bank loans, and this result is supported by the
existing empirical evidence. Third, the Friedman rule is suboptimal so that
keeping the cost of holding liquidity at a positive level is socially optimal. The
optimal policy rate is an increasing function of the degree of the corporate

bond secondary market liquidity.
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A Theory Appendix

A.1 Details of the Model in Section 3
A.1.1 Value Functions

Consumers. First consider a consumer in the second subperiod who carries to
the CM financial wealth w, denominated in numeraire, and chooses a portfolio
of real balances and corporate bonds to bring to the DM in the next period.

The value function of the consumer is

W (w) = max .+ BVC(m,a) st. c+ (1+n)m+va=w+T,
where V¢ is the value function of the consumer in the DM in the first subperiod,
¢ is consumption (or production if ¢ < 0) of the general good, m is real balances
(units of money in terms of numeraire), @ is the amount of corporate bonds
purchased, 1 is the price of corporate bonds, and T is the monetary lump-sum
transfer in terms of numeraire (or taxes if 7' < 0). Since the rate of return
on money is 1/(1 + 7), a consumer accumulates (1 + m)m of real balances
this period to hold m at the start of the next period. Eliminating ¢ using the
constraint, the value function reduces to

W w)=w+T + _max {— (L +m)m —pa+ BV (i, a)}, (A1)
which shows that W is linear in w and that the optimal portfolio choice of
(m, a) is independent of w.

In the following first subperiod, in the DM the consumer randomly matches

with a firm and trades the special good. The consumer bargains with the
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firm over how many DM goods to purchase from the firm, ¢, and how much
financial wealth to transfer to the firm in return for the DM goods, p. With
probability 1 — A, the consumer will match with a firm that finances through
borrowing from a bank, and the terms of trade with such a firm are denoted
by (qr,pr). With probability A, the consumer will match with a firm that
finances through issuing corporate bonds, and the terms of trade with such a
firm are denoted by (¢p,pp). When purchasing ¢ amount of the DM goods,
the consumer derives u(q) of utility from consuming them. After paying p
amount of financial wealth to a firm in exchange for the DM goods purchased,
the consumer brings m + @ — p amount of leftover financial wealth to the CM.
The value function of a consumer who brings m amount of real balances and

a amount of corporate bonds to the DM is
V@ (m,a) = (1= Nu(qr) + W0+ a — pr)] + Nu(gs) + W (i + a — pp)],
which, using the linearity of W€, reduces to

VE(m,a) = (1 - A)[u(qr) — pr] + Aulgs) — ps] + W (i + a). (A.2)

Suppliers. Next consider the value function of an intermediate good supplier

in the second subperiod:

W = max ¢+ W st. c+k=ppk,
¢, k>0
where k is the amount of the intermediate goods produced and py, is their price.
In the competitive market for intermediate goods, suppliers choose the amount
of intermediate goods to produce, k, at a linear cost taking its price, pg, as
given. A supplier finds k& that maximizes —k + pgk. If the intermediate goods
market is active, p, = 1. Suppliers do not trade in the DM and do not carry
any money or corporate bond because there is the cost of holding money and

corporate bonds will be priced at the liquidity premium.
Banks. In the OTC market for loans, a bank provides a loan to a firm. The
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terms of a loan contract, denoted by (k¢, 1), are determined through bargaining
between a firm and a bank: a firm borrows k, amount of numeraire from a
bank and pays back (1 + r,)k amount of numeraire to the bank in the next
period’s CM. The value function of a bank in the CM with financial wealth w,

denominated in numeraire, and a loan contract (k¢,r,) is
WP(w) = max ¢+ BWE((1 +1)ky) st. c+ kg =w.

The constraint can be written as k, = w — ¢, and this represents the balance
sheet of the bank: the amount of a loan provided to a firm, k,, should be
covered by the financial wealth of the bank, w — ¢, which can be thought of as

bank capital. Eliminating ¢ using the constraint, the value function reduces to

WE(w) = w — kg + BWE((1 4 70)ke).

Firms. Now consider a firm in the second subperiod that is just born and
finances through borrowing from a bank under the terms of a loan contract
(kg, 7). With k, amount of numeraire borrowed from a bank, the firm proceeds
to the intermediate goods market and purchases k, amount of intermediate
goods from suppliers at price p, = 1. In the following first subperiod, in the
DM the firm matches with a consumer and trades the special good, and the
terms of trade are denoted by (qr,pr). After trading in the DM, the firm
brings k;, — qr, of leftover intermediate goods and p;, of financial wealth to the
CM and pays back (1 + r¢)k, amount of numeraire to the bank. The DM value

function in the first subperiod of a firm with a loan contract (kg,r,) is
VI (ke, (14 ro)ke) = W (ke — qu,pr, (1+ ro)ke), (A.3)

W is the value function of the firm in the CM in the second subperiod after

trading in the DM, and it is given by

W (ke — qr,pr, (1 +10)ke) = max ¢ s.t. ¢ = ko —qr +pr — (1 +10)ke,
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which simply reduces to
W (ke — qr.pr, (1 +re)ke) = ke — qr + pr — (1 + 1) ke (A.4)

A firm that finances through issuing corporate bonds decides how many
units of corporate bonds to issue, A, taking their price ¢ in the CM as
given. With wfl amount of numeraire acquired by issuing corporate bonds,
the firm proceeds to the intermediate goods market and purchases 1/)121 amount
of intermediate goods from suppliers at price p, = 1. In the following first
subperiod, in the DM the firm matches with a consumer and trades the special
good, and the terms of trade are denoted by (¢g, pg). After trading in the DM,
the firm brings ¢/1/ — qp of leftover intermediate goods and pp of financial
wealth to the CM and pays A units of numeraire to the consumers who hold the
corporate bonds. The DM value function in the first subperiod of a firm that
issued A units of corporate bonds in the CM in the previous second subperiod

at price 1 is

W is the value function of the firm in the CM in the second subperiod after

trading in the DM, and it is given by

~

WF(l/JA—QB,pB,A):maXC s.t. CZ@Z’A_QB'FPB—A,

which simply reduces to

~

WP (A — qp,pp, A) = VA — qp + pp — A. (A.6)

Using the linearity of W, a newborn firm in the second subperiod decides the

amount of corporate bonds to issue by solving

max SV (A, A) = max {(pp — q5) = (1 - ) A}

A>0
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A.1.2 Terms of Trade

Consider a meeting in the DM between a consumer who carries m amount
of real balances and a amount of corporate bonds and a firm that brings k
amount of intermediate goods. The two parties bargain over the quantity of
the DM goods to trade, ¢, and the amount of financial wealth for the consumer
to transfer to the firm, p. Corporate bonds are partially liquid, and only a
fraction x can be used as a medium of exchange. Hence, the maximum amount
of financial wealth that the consumer can use towards trade is m + ya. The
firm can produce the DM goods with linear technology up to k& units. Trade is
therefore subject to both the consumer’s liquidity constraint, p < m + ya, and
the firm’s capacity constraint, ¢ < k.

The total surplus generated within a meeting is split according to Kalai’s
proportional bargaining solution, and the consumer’s bargaining power is 6.
The consumer’s continuation value with trade is u(q) + W (m + a — p), and
the consumer’s continuation value without trade is W¢(m + a). Thus the
consumer’s surplus is u(q) + W¢(m + a — p) — W (m + a), which, using the
linearity of W, reduces to u(q) — p. The firm’s continuation value with trade
is WE(k —q,p, -), where the last argument is the liabilities that the firm needs
to pay back in the CM in the subsequent second subperiod to either consumers
(who hold the corporate bonds if the firm financed through issuing corporate
bonds) or a bank (according to a loan contract if the firm financed through
borrowing from a bank). The firm brings k — ¢ amount of leftover intermediate
goods after producing g amount of the DM goods with linear technology and
p amount of financial wealth that it received from the consumer as a payment.
The firm’s continuation value without trade is W¥(k,0, -). Thus the firm’s
surplus is W (k — q,p, -) — W¥(k,0, -), which, using the linearity of W7,
reduces to p — ¢q. The total surplus is the sum of the consumer’s surplus and
the firm’s surplus and equals u(q) — g.

The bargaining problem is

0

maxu(g) —p st u(q) —p=1—50p-q, p<mtxa ¢<k
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and its solution is given by

p=v(q) = (1—0)ulq) +0q, v'(q) >0, (A.7)
q = min{v"(m + xa), k}. (A.8)

The consumer must transfer p = v(g) amount of financial wealth to the firm
to get ¢ amount of the DM goods, and a larger amount of financial wealth
needs to be transferred to purchase a larger amount of the DM goods. As
a result of bargaining, the consumer takes 6 share of the total surplus, and
the firm takes 1 — 0 share. The first best solution to the bargaining problem
that maximizes the total surplus is denoted by (p*, ¢*), where p* = v(¢*) and
q* satisfies v/(¢*) = 1. With m + ya amount of financial wealth that can be
used towards trade, the consumer can purchase up to v~ (m + ya) amount of
the DM goods. With k amount of intermediate goods in hand, the firm can
produce up to k amount of the DM goods. In equilibrium, m + xya < v(¢*) and
k < ¢* hold: the consumer will not want to bring more financial wealth than
she needs to buy ¢* amount of the DM goods, and the firm will not want to
bring more intermediate goods than it needs to produce ¢* amount of the DM
goods. Observing that the total surplus u(q) — ¢ increases in ¢ until ¢ = ¢*, the
shorter side between the consumer’s liquidity position and the firm’s production
capacity determines the bargaining solution. Thus, ¢ is given by the minimum

between v~ (m + ya) and k.

A.1.3 Loan Contract

Consider a meeting in the OTC market for loans between a bank with w
amount of bank capital that can be lent as a loan and a firm that finances
through borrowing from a bank. The two parties bargain over the amount of
numeraire that the bank lends to the firm, k,, and the amount of numeraire
that the firm needs to repay to the bank in the next period’s CM, (1 + ry)ky,
where 7, is the real lending rate.

The terms of a loan contract are determined through Kalai’s proportional

bargaining between the firm and the bank, and the bank’s bargaining power is .
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The firm’s continuation value with a loan contract (kg, r,) is BV (kg, (14+7,)ky),
and the firm’s continuation value without a loan contract is SV(0,0). Thus
the firm’s surplus is B[V (ky, (1+7¢)ke) — V(0,0)], which, using (A.3) and the
linearity of W¥, reduces to 8[pr, — qr, — reke]. Using (A.7) and (A.8), it further
reduces to B[(1—0)(u(qr) — qr) — reke], where qp = min{v='(/m+ xa), k¢} when
the firm believes that a typical consumer will carry m amount of real balances
and a amount of corporate bonds to the DM. Since the firm will not want to
borrow more than it needs to produce the amount of the DM goods that a
consumer can afford, v (7 + xa), it simply reduces to q; = k;. The bank’s
continuation value with a loan contract (kg,r,) is BWPE(w — ke + (1 + 1) k),
and the bank’s continuation value without a loan contract is SW?(w).'® Thus
the bank’s surplus is Blw — k, + WEB((1 + r¢)ke) — W5 (w)], which, using the
linearity of W%, reduces to Br¢k,. The total surplus is the sum of the firm’s
surplus and the bank’s surplus and equals S(1 — 0)(u(qr) — qr.)-
The bargaining problem is

max T’gk‘g S.t. Tgk’g = 1L[(1 — 9)(’&(1{3@) — k’g) — Tgk’g],

ke<v=1(m+xa),re -7

and its solution is given by

ke = v (m + xa), (A.9)
7](1 — 8)(u(/€4) — kg) d”/’[
= — Al

The solution is such that k, maximizes the total surplus, (1 — 0)(u(k,) — k),
subject to k; < v=(m + xa). Since u(k;) — k; increases in k, until k, = ¢*,
ke = min{v~(m + xa), ¢*}. Observing that v=!(m + xa) < ¢* in equilibrium

since a consumer will not want to bring more financial wealth than she needs to

191t is assumed that a bank can use its bank capital (which is in numeraire) that was not
lent in the following way. Assume that a bank lent only ky; < w amount of numeraire to a
firm and is left with w — ky amount of numeraire in hand. It then goes to the intermediate
goods market, exchanges the leftover nuemraire with intermediate goods, and, in the next
period’s CM, produces the general good using the intermediate goods at unit cost. Banks are
assumed to have access to this technology. But this technology is not used on the equilibrium
path, and it is just for simplifying the exposition and immaterial to any of the results.
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buy ¢* amount of the DM goods, the solution is given by k, = v=!(m + xa). As
a result of bargaining, the bank takes 7 share of the total surplus, and the firm
takes 1 — 7 share. The more a firm borrows, the lower the real interest rate, as
it depends positively on the marginal benefit of the loan, which decreases in

the size of the loan.

A.1.4 Equilibrium

First start with the optimal behavior of a firm that finances through issuing
corporate bonds. From (A.6), at a given price 1, the firm chooses the amount
of corporate bonds to issue, A, that maximizes (pp — ¢g) — (1 — ©) A, which,
using (A.7) and (A.8), reduces to (1 — 6)(u(¢s) — gg) — (1 — ¢»)A, where
g = min{v~!(m + xa), A} when believing that a consumer will carry m
amount of real balances and @ amount of corporate bonds to the DM. An
equilibrium exists when v < 1, that is, when borrowing through the corporate
bond market is costly. Since the firm will not want to bring more intermediate
goods to the DM than it needs to produce the amount of the DM goods that a

consumer can afford, v=!(m + xa), the maximization problem becomes

max {1 =0)(uwa) - va) - (1 -v)a}.

0<A<v—(m+xa

The solution describes the optimal corporate bond issuance decision of the

firm, or the supply of corporate bonds, which is given by
A= min{vil(m + xa) /v, fl},
where A solves

% 1= (1—0)((WA) - 1). (A.11)
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The amount of funds raised, and the amount of intermediate goods that the

firm can acquire, through issuing corporate bonds, when A < v=1(m+xa)/1, is

YA = (u)"! (% + 1), (A.12)
which is an increasing function of 1, the price of corporate bonds. The higher
price makes financing through issuing corporate bonds less expensive and thus
allows firms to acquire more intermediate goods.

Now consider the optimal behavior of a consumer. From (A.1), the
consumer chooses the amount of real balances, m, and the amount of corporate
bonds, a, that maximize —(1 + 7)m — ¥a + BV (m, a), which, using (A.2) and

the linearity of W¢, becomes

max {— (14 7m)m —va + fm + fa+ B(1 — N)[u(qr) — pr] + BA[u(gs) —pB]}-

m>0,a>0

Here I restrict attention to the case where the price of corporate bonds, v, is
not so high that firms will not be able to bring enough amount of intermediate
goods to the DM to meet the consumers’ demand.?® In this case, qg =
YA < v (m+ xa), and q;, = v~H(m + xa) given (A.9), and the maximization
problem becomes

max {— (1+m)m —a+ pm+ Ba+ B(1 — N) [u(v_l(m + xa)) — v(v™H(m + Xa))] }

m2>0,a>0

The optimal behavior of the consumer is given by

G C === R

o=p{ir o (),

v'(v=H(m + xa))

where the first is the consumer’s money demand and the second is the consumer’s

20This essentially means that 4 is not too high (Assumption 1). Online Appendix A.3
provides the characterization of the equilibrium outside this parameter space.
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bond demand. These expressions simplify to

i=(1—=XL(m+ xa), (A.13)
Y = B(1+ xi). (A.14)

where i = (1+7)/8 — 1 and L(-) = «/(v=1(-))/v'(v"1(+)) — 1 with L'(-) < 0.
The following assumption ensures that the price of corporate bonds is not
too high so that financing through corporate bonds is expensive and that firms

financing through corporate bonds are not able to fully satisfy the consumer’s
demand in the DM.

(1=N(1-p)
1— 0+ (1—\NBoY

Notice that this assumption implies that ¢ < (1 — 3)/(5x) so that ¢ < 1 and

thus also guarantees a well-defined bond supply function.

Assumption 1. i <7

The equilibrium is defined as below.

Definition 1. A steady state equilibrium of the economy corresponds to a
constant sequence (qr,qp, m,a, A, 1V, ke, 1¢), where qr, is the DM goods traded
between a consumer and a firm that finances through borrowing from a bank, qp
1s the DM goods traded between a consumer and a firm that finances through
1ssuing corporate bonds, m s the consumer’s real balance holdings, a is the
consumer’s corporate bond holdings, A is the supply of corporate bonds issued
by firms, 1 is the price of corporate bonds, k, is the size of a loan that a bank

lends to a firm, and r, is the real lending rate of loans. Under Assumption 1,

(g, qB) satisfy
g =v" <L1 <1 i A)) (A.15)

A | 1— B(l + X'L.)
gp = (u') <6(1+Xi)(1—9)+1)’ (A.16)
(m,a, A, ) satisfy
Y = B(1+ xi), (A.17)
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A= qp/Y, (A.18)

a=M\A, (A.19)
m =wv(qL) — xa, (A.20)
and (ke,7¢) satisfy
ke =qr = v 1(m+ xa), (A.21)
n(1 — 6)(ulke) — ke)
Ty = k}g s (A22)
where
v(-) =1 =0)u(-)+6-, v'(-) >0, (A.23)
L) =u'(v' () /0" (07 () =1, L'(-) <0. (A.24)

A.2 Details of the Model in Section 5
A.2.1 Value Functions

The value function of suppliers remain the same as in Online Appendix A.1. A
bank in the second subperiod randomly matches with one of the two types of
firms: one that has access to the corporate bond market and the other that
does not. Denote the terms of a loan contract between a bank and a firm that
cannot issue corporate bonds by (k,rl) and those between a bank and a firm
that can issue corporate bonds by (kZ,r?). The value function of a bank that

matched with a firm is
WB(w) = max ¢+ WE((1 +7))k)) st. c+kl=w, j=L,B.

The value function of a firm that does not have access to the corporate
bond market and thus has to borrow only from a bank remains the same as (A.3)
and (A.4), but now the terms of a loan contract are denoted by (k% r}). The
value function of a firm that has access to the corporate bond market but could

not borrow from a bank is the same as (A.5) and (A.6).
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Now consider a firm that has access to the corporate bond market and
also was able to find a bank that is willing to provide a loan. The terms of
a loan contract for this type of firms are denoted by (k% r?). The DM value
function in the first subperiod of a firm that issued A amount of corporate
bonds at price ¢ and that obtained k2 amount of a loan from a bank at a real

lending rate r? in the previous second subperiod is

VEWA+EE A+ (L +1P)kf) = WE WA+ K — q,p, A+ (1L+rP)kP),
(A.25)

where (p, q) are the terms of DM trade. The CM value function of the firm in
the second subperiod after trading in the DM is

WF(wA—i—kf—q,p,fl—i-(l—i-rf)kf) = max ¢

st. c=vA+ kP —q+p—A— (1 +rP)EP
which simply reduces to
WEWA+EP —q,p, A+ (A +rP)P) = A+ kP —q+p—A— (1 +rD)kP.

Using the linearity of W, a newborn firm in the second subperiod with a loan

contract (k% rP) decides the amount of corporate bonds to issue by solving

max BV (WA + kP A+ (1+rB)kP) = rgaXB{(p —q) — (1 —)A—rPEP}.
>0

A>0

(A.26)

A consumer in the DM randomly matches with one of the three types
of firms: a firm that does not have access to the corporate bond market but
was able to borrow from a bank with probability a(1 — A)/(a+ (1 —a)A), a
firm that has access to the corporate bond market and also was able to borrow
from a bank with probability aA/(a + (1 — a))), and a firm that has access
to the corporate bond market but was not able to borrow from a bank with

probability (1 — a)A/(a+ (1 — @)A). Thus, the value function of a consumer
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who brings m amount of real balances and a amount of corporate bonds to the

DM is

VC(m,a) = W0 + a)
a(l—=M) a\ (1 —a)A

+ at (=) [u(qr) — pr] + o [u(q) —p] +

m B [u(gs) — ps] -

a+ (11—«

The CM value function of a consumer remains the same as (A.1).

A.2.2 Loan Contract

Now there are two types of meetings in the OTC market for loans: one between
a bank and a firm with no access to the corporate bond market, and the
other between a bank and a firm with access to the corporate bond market
and thus has issued corporate bonds before entering the OTC market for
loans. The bargaining problem in the former meeting is the same as in Online
Appendix A.1, and the solution is given by (A.9) and (A.10).

In the latter meeting, a bank and a firm bargain over the terms of a loan
contract, (kP rP). Consider a meeting between a bank and a firm that has
already raised A amount of funds by issuing A amount of corporate bonds at
price 9. I restrict attention as in Online Appendix A.1.4 under Assumption 1
to the case where the price of corporate bonds is not too high so that financing
through corporate bonds is expensive and that firms cannot fully satisfy the
consumer’s demand in the DM only through corporate bond issuance. The firm’s
continuation value with a loan contract (kP 7P) is BV (W A+kE A+ (1+rP)kP),
and the firm’s continuation value without a loan contract is SV (A, A). Thus
the firm’s surplus is S[VE (YA + kP, A+ (1 +rP)kP) — VI (A, A)]. Given that
the firm will not raise funds more than what it needs to satisfy the consumer’s
demand, using (A.7), (A.8), and (A.25), this reduces to 3[(1 —0)(u(A+kp) —
(WA +KE)) = (1 = $)A = rBEE] = BI(1 — 0)(u($A) — ¥A) — (1 — ) A]. The
bargaining problem is subject to k¥ < v='(m + xa) — ¥ A: the firm would
like to use the loan to meet the consumer’s demand that it could not satisfy

with corporate bond issuance. The bank’s surplus is SrfkP as before. The
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bargaining problem is
max k)
kB <v—l(m+xa)—pA,rB
N
st. ik = ﬂ[(l — ) (u(A + k) — u(A) — k') = rP k7,

and its solution is given by

kP = vt m + xa) — A, (A.27)

u(@A+ k) —u(A)

¢

—1|. (A.28)

The solution is such that kP maximizes the total surplus, (1 —0)(u(A+k2) —
u(pA) — kP), subject to kB < v~(m+ xa) — 1A, and, as a result of bargaining,
the bank takes n share of the total surplus, and the firm takes 1 — 7 share.

A.2.3 Bond Supply

From (A.7), (A.8), (A.26), (A.27), and (A.28), at a given price 9, the firm

chooses the amount of corporate bonds to issue, A, to maximize
max (1 = 0)[u(v™!(m +xa)) — v~ (m+xa)] = (1 =)A=k, (A.29)
which is equivalent to maximizing
max (1 = O)lu(yA) — A = (1 —¥)A. (A.30)
The optimal bond issuance decision of the firm, or the bond supply, A, solves

L n(l—0)(u'(YA) —1),

(8
and the amount of funds that firms will raise by issuing corporate bonds, ©¥ A, is
YA = (u’)l(l/w_ . +1) (A.31)
n(1—0)

Al4



A.3 The Full Characterization of the Equilibrium of the
Model in Section 3

This section characterizes the equilibrium of the model in Section 3 beyond
the parameter space in Assumption 1. First start with the optimal behavior
of a firm that finances through issuing corporate bonds. From (A.6), at a
given price 1, the firm chooses the amount of corporate bonds to issue, A > 0,
that maximizes (pgp — qp) — (1 — ) A, which, using (A.7) and (A.8), reduces
to (1 —0)(u(gs) — qg) — (1 — ) A, where qg = min{v~(m + xa),»A} when
believing that a consumer will carry m amount of real balances and @ amount
of corporate bonds to the DM. An equilibrium exists when ¢ < 1, that is, when
borrowing through the corporate bond market is costly. Assumption 2, given
below, guarantees that this is the case. Since the firm will not want to bring
more intermediate goods to the DM than it needs to produce the amount of
the DM goods that a consumer can afford, v=!(m + xa), the maximization

problem becomes

max - {(1=0)(u(vA) —pd) - (1 v)A}.

0<A<v—1(m+xa
The solution describes the optimal corporate bond issuance decision of the
firm, or the supply of corporate bonds, which is given by

A =min{v™'(m + xa) /¢, A}, (A.32)

where A solves

1 _
S 1= (- )W (W A) 1),
(U

Now consider the optimal behavior of a consumer. From (A.1l), the
consumer chooses the amount of real balances, m, and the amount of corporate

bonds, a, that maximize —(1 +7)m —¥a + BV (m, a), which, using (A.2) and
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the linearity of W¢, becomes

max {_ (14 m)m —va + Bm + Ba+ B(1 — AN)[u(qr) — pr] + BA[u(gs) — pB]}-

m>0,a>0

When believing that a firm with access to the corporate bond market will
issue A amount of corporate bonds and bring A amount of intermediate
goods to the DM and that a firm that borrows from a bank will bring ke
amount of intermediate goods to the DM, ¢, = min{v~(m + ya), k;} and
¢z = min{v~'(m + ya),A}. Depending on the relative size of ke, A, and

v~ (m + xa), the maximization problem is:

For m + Xa § min{v<l~€€)7v<wﬁ)}>

X {— (14 m)m — va+ Bm + Ba+ Blu(v™' (m + xa)) — v(v™ (m + xa))] },
~ . ~ ~ o (A.33)

for min{v(k,),v(vA)} < m + xa < max{v(k,),v(vA)}, if YA < ke,

nax {— (14 m)m — va+ Bm + Ba+ B(1 — ) [u(v™" (m + xa)) — v(v™" (m + xa))] },
) . ) . 3 . (A.34)

for min{v(ke),v(YA)} < m+ xa < max{v(k),v(VA)}, if ke < YA,

max {— (14 m)m — va+ Bm + Ba+ BA[u(v™ (m + xa)) — v(v™ (m + xa))] },

m>0,a>0
- _ (A.35)
and for max{v(ky),v(A)} < m + xa,
_max {— (14 m)m —a+ fm + Ba}. (A.36)

I consider an equilibrium where the expectations are rational. (A.35) is not a
relevant case with 1A < k&, from (A.9) and (A.32), and (A.36) does not have a
solution. The solution describes the optimal portfolio choice of real balances

and corporate bonds of the consumer, or the demand for real balances and
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corporate bonds. The solution to (A.34) satisfies
m+ xa = max{v(z/;fl), m+ XEL},
where m + ya solves
u' (v (m + xa))
1 = 1 1—A -1
AR i e RO

which simplify to

i=(1—=XL(m+ xa), (A.37)

where i = (1 +7)/8—1 and L(-) = «/(v1(-))/v'(v71(+)) — 1 with L'(-) < 0.
The solution to (A.33) satisfies

m+ xya = min{v(@/)fl), m+ xa},

where m + ya solves

B o' (v (m
1+7r—ﬁ{1+( =

which simplify to
i = L(m+ xa). (A.38)
For both cases, the price of corporate bonds is given by

Y = B(1+ xi).

Note that m + ya is the amount of liquidity that consumers would decide to
bring to the DM when their liquidity position will be the shorter side of the
bargaining constraints only if they trade with a firm that borrows from a bank,
and that m + ya is the amount of liquidity that consumers would decide to

bring to the DM when their liquidity position will always be the shorter side of
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the bargaining constraints whether a firm they meet finances through borrowing
from a bank or issuing corporate bonds. By comparing (A.37) and (A.38), we
see that m + ya < m + xa.

There are three cases depending on the relative size of v(¢A), m + xa,

and m + xa given 4. Define 7 and 7 as follows:

L a-N0-pp
T 1—0+ (1= N)Box’
7= (1_5)0

T 1—-0+p60x

The first case is when i <7 and v()A) < m + xa < m + xa. This is when the
price of corporate bonds is not high enough for firms to raise enough funds
to fully satisfy the consumer’s demand, m + xa. Hence, the firms that are
borrowing from a bank and thus can satisfy the consumer’s demand are at the
margin of the consumer’s decision on how much liquidity to bring to the DM.
The second case is when 7 < i <7 and m+ xa < v(yA) < m+xa. This is when
the price of corporate bonds is high enough for firms to raise enough funds to
satisfy m + ya, but not enough to satisfy m + ya. When this is the case, a
consumer will bring liquidity that is just enough to purchase 1A amount of
the DM goods, and the consumer will be on the shorter side of the bargaining
whether she meets a firm borrowing from a bank and a firm issuing corporate
bonds. The third case is when 7 < i and m + ya < m + xa < v(¢)A). This is
when the price of corporate bonds is high enough to satisfy m + ya. In this
case, a consumer will decide how much liquidity to bring to the DM considering
both the firms that are borrowing from a bank and the firms that are issuing
corporate bonds at the same margin. The firms with access to the corporate
bond market will issue corporate bonds just enough to satisfy m + ya.?!

The following assumption ensures ¥ < 1 so that borrowing through

the corporate bond market is costly and that the bond supply function is

21For each given i, there are more equilibria other than those described above. The most
trivial one is when no one brings anything, thinking that everyone else will bring nothing.
Although this belief can be consistent in equilibrium, however, such an equilibrium is not
Pareto efficient. Here I consider only the Pareto efficient equilibrium for each .
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well-defined.
1-4

Assumption 2. i < —— .

Bx

The equilibrium is defined as below.

Definition 2. A steady state equilibrium of the economy corresponds to a

constant sequence (qr,,qp, m,a, A, ¥, ke, rp), where qr, is the DM goods traded

between a consumer and a firm that finances through borrowing from a bank, qp

18 the DM goods traded between a consumer and a firm that finances through

1ssuing corporate bonds, m s the consumer’s real balance holdings, a is the

consumer’s corporate bond holdings, A is the supply of corporate bonds issued

by firms, 1 is the price of corporate bonds, ky is the size of a loan that a bank

lends to a firm, and r, is the real lending rate of loans. Under Assumption 2,

(qr,qB) satisfy:

Fort <7,
_ _ 1
e
et =80+ x0)

=0 (G )
fori<i<i,

_ _ n— 1_5(1—1—)@)

== (G + 1)

and fort < i,

qL = qp =v " (L7(3)).

(m,a, A, ) satisfy

Y = B(1+ xi),
AZQB/¢:
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and (k,ry) satisfy

where

v(*)

(1 =0)u()+0-, v()>0,
L(:)=wu

()T -1, L) <0

A.3.1 Optimal Monetary Policy

Among i < 7, the welfare-maximizing nominal policy rate depends on the
relative size of (1 — \) - d(u(qr) —qr)/0i < 0 and A - O(u(gp) — qp)/0i > 0.
When neither A nor y is large, the latter force is not so large that the welfare-
maximizing policy rate satisfying OW/di = 0 exists in the interior. When either
A or x is large, the latter force becomes so large that the welfare-maximizing
policy rate exists on the right boundary at ¢ = 7. In addition, note that when
1< <7, 0W/di > 0 as can be seen from (A.41), that when 7 <14, OW /i < 0
as can be seen from (A.42), and therefore that among i > 7, i = 7 maximizes
the welfare. These together imply that when neither A nor y is large, there
will be a welfare-maximizing policy rate that is less than 7, and that when
either \ or y is large, the welfare-maximizing policy rate will be 7. Figures A.1
and A.2 illustrate these observations. Figures A.3 (for small A and small ),
A4 (for large A and small y) and A.5 (for small A and large x) show the effect
of the nominal policy rate on the aggregate variables: the welfare, the amount
of external financing through bonds and loans, the bond premium, the real
lending rate, and the average output. In all figures, there are two kinks, and
the first and the second correspond to i = 7 and i = 7, respectively. Exceptions

are the figures for the amount of external financing through issuing corporate
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bonds that display only one kink, which corresponds to i = 7 as can be seen
from (A.40), (A.41), and (A.42). In all figures, we can see that the Friedman
rule, 7 — 0, is not optimal. Also, notice that the relationship between the
welfare and the average output is non-monotone, due to the heterogeneity in
the effect of the nominal policy rate across the firms using different financing

sources. Figure A.6 illustrates this point.
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B Appendix for Empirical Analysis

B.1 Data

For the macro time-series data, I use data from the Federal Reserve Economic
Data (FRED). The 1-year and 2-year policy rates are the 1-Year and 2-year
Treasury Constant Maturity Rates (FRED series GS1 and GS2). Industrial
production is Industrial Production Index (FRED series INDPRO). Consumer
Price Index is Consumer Price Index for All Urban Consumers (FRED series
CPIAUCSL). The nominal bank loan rate is Bank Prime Loan Rate (FRED
series mprime). The expected inflation rate is the 5-Year Forward Inflation
Expectation Rate (FRED series TSYIFRM). The excess bond premium is con-
structed by Gilchrist and Zakrajsek (2012) and updated by Favara, Gilchrist,
Lewis, and Zakrajsek at https://www.federalreserve.gov/econresdata/notes/
feds-notes/2016/files/ebp_csv.csv. The bid-ask spreads and the trading vol-
ume of corporate bonds are calculated from the Transaction Reporting and
Compliance Engine (TRACE). Monetary policy shocks are the high-frequency
identified surprises from Federal Funds futures around the Federal Open Market
Committee policy announcements constructed by Gertler and Karadi (2015),
and the series is updated until 2016:12 by Jarocinski and Karadi (2020).

B.2 Sensitivity Analysis
B.2.1 Corporate Bond Premium and Monetary Policy Shocks

In this section, I check the robustness of the results in Section 4.2.

Factor-augmented LP-IV. 1If there are any other variables that are correlated
with the shocks, including those variables could increase the precision of the
estimation. Following the suggestion by Stock and Watson (2018), I add to
the LP-IV specification lags of the principal components, computed from the
FRED-MD database by McCracken and Ng (2016). The results are shown in
Figure B.1. The results with the additional controls are consistent with (and

stronger than) the results from the basic specification.

A22


https://www.federalreserve.gov/econresdata/notes/feds-notes/2016/files/ebp_csv.csv
https://www.federalreserve.gov/econresdata/notes/feds-notes/2016/files/ebp_csv.csv

Test for a structural break. To formally test the structural break induced by
the introduction of the TRACE, I interact all the regressors in LP-IV and
factor-augmented LP-IV with the post-TRACE year dummy. Figure B.2 shows
the base and the post-TRACE responses of the excess bond premium to a
one-percent increase in the nominal policy rate estimated using LP-IV, and
Figure B.3 estimates the responses using factor-augmented LP-IV. The results
show that an increase in the nominal policy rate has a statistically significant
negative impact during the post-TRACE period in medium and long horizons.
The null hypothesis of no structural break is rejected for all horizons with
p-value 0 for both LP-IV and factor-augmented LP-IV.

Zero lower bound. One concern is that the sample period, in particular the
post-TRACE period, includes the Great Recession, during which the short-term
interest rate reached the zero lower bound. However, such a concern is not
so worrisome given that the 1-year Treasury rate (the policy rate in the basic
specifications) remained positive during the whole sample period. Swanson
and Williams (2014) provide evidence that the 1-year Treasury rate was indeed
not constrained by the zero lower bound. The authors show that the 2-year
rate was even less constrained, and I further address the concern regarding the
zero lower bound by showing that the results are robust to using the 2-year
Treasury rate, instead of the 1-year rate. The results are shown in Figure B.4,
B.5 and B.6 using LP-IV, factor-augmented LP-IV, and SVAR-IV, respectively.

All results are consistent with those using the 1-year rate.

Estimates during the shorter period around the introduction of the TRACE.
Another concern over the fact that the post-TRACE period includes the Great
Recession is that it might have been a very different period in terms of the
effectiveness of monetary policy, compared to the pre-TRACE period. Swanson
and Williams (2014) make the case that this is not really a concern, providing
evidence that monetary policy was as effective as usual during the crisis period.
I further address the concern by focusing on a shorter window around the
introduction of the TRACE, excluding the crisis period. Specifically, I consider
1997:11-2003:2 for the pre-TRACE period and 2003:3-2008:6 for the post-
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TRACE period. The results using LP-IV are shown in Figure B.7, and those
using SVAR-IV are shown in Figures B.8. All results remain consistent: all
figures show the contrasting responses of the excess bond premium across the
pre- and the post-TRACE periods.

Alternative breakpoints. The results are robust also to using alternative break-
points, such as 2002:7 (when the TRACE was first executed), 2003:4 (when it
was applied to additional 120 selected BBB-rated bonds), 2005:2 (when the it
was applied to all but newly issued or lightly traded bonds), or 2006:1 (when
the it was applied to all publicly issued bonds).

B.2.2 Liquidity Premium and Monetary Policy Shocks

In this section, I check the robustness of the results in Section 4.3. First, I
augment the LP-IV specification with the macro factors from the FRED-MD
database by McCracken and Ng (2016), and the results, shown in Figure B.9,
are overall consistent: while the response of the trading volume is less clear,
the response of the bid-ask spreads is consistent with (and stronger than) the
results from the basic specification. To address the concern regarding the zero
lower bound during the Great Recession, I redo the exercise with the 2-year
Treasury rate instead of the 1-year rate (the results are shown in Figures B.10
and B.11) and using alternative breakpoints (see Online Appendix B.2.1), and

all results remain consistent.

B.2.3 Bank Loan Rates and Monetary Policy Shocks

In this section, I check the robustness of the results in Section 4.4. First, I
augment the LP-IV specification with the macro factors from the FRED-MD
database by McCracken and Ng (2016), and the results, shown in Figure B.12,
are consistent with those from the basic specification. To address the concern
regarding the zero lower bound during the Great Recession, I redo the exercise
with the 2-year Treasury rate instead of the 1-year rate (the results are shown
in Figure B.13) and using alternative breakpoints (see Online Appendix B.2.1),

and all results remain consistent.
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Small A Medium A Large A

Figure A.1: The effect of monetary policy on the welfare of the economy for
different values of . Parameter values: Log utility; = 0.97; A = 0.1 (left),
0.165 (middle), 0.35 (right); y = 0.15; 7 = 0.8; 6 = 0.95.
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Small x Medium y Large x

Figure A.2: The effect of monetary policy on the welfare of the economy for
different values of y. Parameter values: Log utility; 5 = 0.97; A =0.1; x = 0.15
(left), 0.25 (middle), 0.35 (right); n = 0.8; § = 0.95.
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External financing

External financing

Welfare through bond through loan
Output Excess Bond Premium Real Lending Rate
1 ) 1

Figure A.3: The effect of monetary policy, when the fraction of the firms with
access to the corporate bond market is small (small \) and the corporate bond
secondary market is not so liquid (small y). Parameter values: Log utility;

B=097, A=0.1; x =0.15; n = 0.8; 6 = 0.95.
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External financing

External financing

Welfare through bond through loan
Output Excess Bond Premium Real Lending Rate
1 ) 1

Figure A.4: The effect of monetary policy, when the fraction of the firms with
access to the corporate bond market is large (large A) and the corporate bond
secondary market is not so liquid (small y). Parameter values: Log utility;

B8 =097, A=0.35 x =0.15; n =0.8; § = 0.95.
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External financing

External financing

Welfare through bond through loan
Output Excess Bond Premium Real Lending Rate
1 ) 1

Figure A.5: The effect of monetary policy, when the fraction of the firms with
access to the corporate bond market is small (small \) and the corporate bond
secondary market is highly liquid (large y). Parameter values: Log utility;

B=097, A=0.1; x =0.35; 7 =0.8; 6 = 0.95.
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Small A, small y Large A, small y Small A, large x
Welfare Welfare Welfare

1 1 1
Output Output Output

Figure A.6: The effect of monetary policy on the welfare and the output of the
economy for small A (the fraction of the firms with access to the corporate bond
market) and small y (the liquidity of the corporate bond secondary market)
(left), large A and small x (middle), and small A and large x (right). For each
figure for the welfare, the top line (in bright blue) plots u(qz) — qr, the bottom
line (in bright green) plots u(¢g) — ¢B, and the middle line (in blue) plots
(1 — M[u(qr) — qr] + A[u(gs) — gB]. For each figure for the output, the top line
(in bright blue) plots ¢y, the bottom line (in bright green) plots ¢p, and the
middle line (in blue) plots (1 — \)qr + A\gg. For the parameter values used,
refer to the notes in Figure A.3 for small A and small y, Figure A.4 for large A
and small y, and Figure A.5 for small A and large y.
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Figure B.1: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using Factor-
Augmented LP-IV with unit effect normalization. Sample period: 1990:2—
2016:12; pre-TRACE period: 1990:2-2003:2; post-TRACE period: 2003:3—
2016:12. The 12-month lags of the four main variables and the FRED-MD
factors and the 4-month lags of the instrument are included. The standard
errors are calculated using the Newey-West heteroskedastic and autocorre-
lation consistent standard errors. The dashed lines are the 95% confidence
interval. For the entire period, the first-stage F-statistic is 19.1, and the
heteroscedasticity-robust first-stage F-statistic is 22.3. For the pre-TRACE pe-
riod, the first-stage F-statistic is 6, and the heteroscedasticity-robust first-stage
F-statistic is 21.4. For the post-TRACE period, the first-stage F-statistic is
10.7, and the heteroscedasticity-robust first-stage F-statistic is 20.4.
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Figure B.2: The base and post-TRACE responses of the excess bond premium
to a one-percent increase in the nominal policy rate, estimated using LP-IV
with unit effect normalization. Sample period: 1990:2-2016:12; post-TRACE
period: 2003:3-2016:12. The 12-month lags of the four main variables and the
4-month lags of the instrument are included. Standard errors are calculated
using the sample variances computed from 1,000 draws from a parametric
Gaussian bootstrap. The dashed lines are the 95% confidence interval. The
first-stage F'-statistic is 15, and the heteroscedasticity-robust first-stage F-
statistic is 10.7.
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Figure B.3: The base and post-TRACE responses of the excess bond premium
to a one-percent increase in the nominal policy rate, estimated using Factor-
Augmented LP-IV with unit effect normalization. Sample period: 1990:2—
2016:12; post-TRACE period: 2003:3-2016:12. The 12-month lags of the
four main variables and the FRED-MD factors and the 4-month lags of the
instrument are included. The standard errors are calculated using the sample
variances computed from 1,000 draws from a parametric Gaussian bootstrap.
The dashed lines are the 95% confidence interval. The first-stage F-statistic is
13.7, and the heteroscedasticity-robust first-stage F-statistic is 18.6.
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Figure B.4: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using LP-IV
with unit effect normalization. Sample period: 1990:2-2016:12; pre-TRACE pe-
riod: 1990:2-2003:2; post-TRACE period: 2003:3-2016:12. The 12-month lags
of the four main variables (2-year Treasury constant maturity rate, industrial
production, inflation rate, and the excess bond premium) and the 4-month lags
of the instrument are included. The standard errors are calculated using the
Newey-West heteroskedastic and autocorrelation consistent standard errors.
The dashed lines are the 95% confidence interval. The first-stage F-statistic
and the heteroscedasticity-robust first-stage F-statistic are 14.2 and 8.3 for the
entire period, 7.7 and 9 for the pre-TRACE period, and 10.6 and 12.7 for the
post-TRACE period.
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Figure B.5: The response of the excess bond premium to a one-percent
increase in the nominal policy rate for different sample periods, estimated
using Factor-Augmented LP-IV with unit effect normalization. Sample pe-
riod: 1990:2-2016:12; pre-TRACE period: 1990:2-2003:2; post-TRACE period:
2003:3-2016:12. The 12-month lags of the four main variables (2-year Trea-
sury constant maturity rate, industrial production, inflation rate, and the
excess bond premium) and the FRED-MD factors and the 4-month lags of
the instrument are included. The standard errors are calculated using the
Newey-West heteroskedastic and autocorrelation consistent standard errors.
The dashed lines are the 95% confidence interval. The first-stage F-statistic
and the heteroscedasticity-robust first-stage F-statistic are 12.5 and 13 for the
entire period, 3.2 and 11 for the pre-TRACE period, and 12.2 and 23 for the
post-TRACE period.
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Figure B.6: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using SVAR-
IV with unit effect normalization. Sample period: 1990:2-2016:12; pre-TRACE
period: 1990:2-2003:2; post-TRACE period: 2003:3-2016:12. The 12-month
lags of the four main variables (2-year Treasury constant maturity rate, indus-
trial production, inflation rate, and the excess bond premium) and the 4-month
lags of the instrument are included. The standard errors are calculated using
the sample variances computed from 1,000 draws from a parametric Gaussian
bootstrap. The dashed lines are the 95% confidence interval. The first-stage
F-statistic and the heteroscedasticity-robust first-stage F-statistic are 14.2 and
8.3 for the entire period, 7.7 and 9 for the pre-TRACE period, and 10.6 and
12.7 for the post-TRACE period.
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Figure B.7: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using LP-IV
with unit effect normalization, during the short period around the introduction
of the TRACE. Sample period: 1997:11-2008:6; pre-TRACE period: 1997:11—
2003:2; post-TRACE period: 2003:3-2008:6. The 4-month lags of the four main
variables and the 2-month lags of the instrument are included. The standard
errors are calculated using the sample variances computed from 1,000 draws
from a parametric Gaussian bootstrap. The dashed lines are the 95% confidence
interval. The first-stage F-statistic and the heteroscedasticity-robust first-stage
F-statistic are 2.5 and 1.7 for the entire period, 2.9 and 2.7 for the pre-TRACE
period, and 4.2 and 5.6 for the post-TRACE period.
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Figure B.8: The response of the excess bond premium to a one-percent increase
in the nominal policy rate for different sample periods, estimated using SVAR-IV
with unit effect normalization, during the short period around the introduction
of the TRACE. Sample period: 1997:11-2008:6; pre-TRACE period: 1997:11—
2003:2; post-TRACE period: 2003:3-2008:6. The 4-month lags of the four main
variables and the 2-month lags of the instrument are included. The standard
errors are calculated using the sample variances computed from 1,000 draws
from a parametric Gaussian bootstrap. The dashed lines are the 95% confidence
interval. The first-stage F-statistic and the heteroscedasticity-robust first-stage
F-statistic are 2.5 and 1.7 for the entire period, 2.9 and 2.7 for the pre-TRACE
period, and 4.2 and 5.6 for the post-TRACE period.
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Figure B.9: The response of the bid-ask spreads and the trading volume of
corporate bonds to a one-percent increase in the nominal policy rate during
the post-TRACE period, estimated using Factor-Augmented LP-IV with unit
effect normalization. Sample period: 2003:3-2016:12. The 12-month lags of
the six main variables and the FRED-MD factors and the 4-month lags of
the instrument are included. The standard errors are calculated using the
Newey-West heteroskedastic and autocorrelation consistent standard errors.
The dashed lines are the 95% confidence interval. For the bid-ask spreads,
the first-stage F-statistic is 5.6, and the heteroscedasticity-robust first-stage
F-statistic is 25.9. For the trading volume, the first-stage F-statistic is 5.5,
and the heteroscedasticity-robust first-stage F'-statistic is 27.5.
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Figure B.10: The response of the bid-ask spreads of corporate bonds to a
one-percent increase in the nominal policy rate during the post-TRACE period,
estimated using LP-IV (left) and SVAR-IV (right) with unit effect normalization.
Sample period: 2003:3-2016:12. The 12-month lags of the six main variables (2-
year Treasury constant maturity rate, industrial production, inflation rate, the
excess bond premium, the bid-ask spreads, and inflation expectation) and the
4-month lags of the instrument are included. The standard errors are calculated
using the Newey-West heteroskedastic and autocorrelation consistent standard
errors for LP-IV and the sample variances computed from 1,000 draws from a
parametric Gaussian bootstrap for SVAR-IV. The dashed lines are the 95%
confidence interval. The first-stage F-statistic is 9, and the heteroscedasticity-
robust first-stage F-statistic is 15.6.
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Figure B.11: The response of the trading volume of corporate bonds to a
one-percent increase in the nominal policy rate during the post-TRACE period,
estimated using LP-IV (left) and SVAR-IV (right) with unit effect normalization.
Sample period: 2003:3-2016:12. The 12-month lags of the six main variables
(2-year Treasury constant maturity rate, industrial production, inflation rate,
the excess bond premium, the trading volume, and inflation expectation)
and the 4-month lags of the instrument are included. The standard errors are
calculated using the Newey-West heteroskedastic and autocorrelation consistent
standard errors for LP-IV and the sample variances computed from 1,000
draws from a parametric Gaussian bootstrap for SVAR-IV. The dashed lines
are the 95% confidence interval. The first-stage F-statistic is 11.5, and the
heteroscedasticity-robust first-stage F-statistic is 21.
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Figure B.12: The response of the real loan rate to a one-percent increase
in the nominal policy rate during the post-TRACE period, estimated using
Factor-Augmented LP-IV with unit effect normalization. Sample period: 2003:3—
2016:12. The 12-month lags of the five main variables and the FRED-MD
factors and the 4-month lags of the instrument are included. The standard
errors are calculated using the Newey-West heteroskedastic and autocorrelation
consistent standard errors. The dashed lines are the 95% confidence interval.

The first-stage F-statistic is 6, and the heteroscedasticity-robust first-stage
F-statistic is 14.5.

A42



Percent

-1

LP-IV SVAR-IV

Do
Percent
—
[$23

012345678 91011121314151617 18 012345678 9101112131415161718
Months Months

Figure B.13: The response of the real loan rate to a one-percent increase
in the nominal policy rate during the post-TRACE period, estimated using
LP-IV (left) and SVAR-IV (right) with unit effect normalization. Sample
period: 2003:3-2016:12. The 12-month lags of the five main variables (2-
year Treasury constant maturity rate, industrial production, inflation rate,
the excess bond premium, and the real loan rate) and the 4-month lags of
the instrument are included. The standard errors are calculated using the
Newey-West heteroskedastic and autocorrelation consistent standard errors for
LP-IV and the sample variances computed from 1,000 draws from a parametric
Gaussian bootstrap for SVAR-IV. The dashed lines are the 95% confidence
interval. The first-stage F-statistic is 8.6, and the heteroscedasticity-robust
first-stage F'-statistic is 11.7.
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