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Abstract

The financial sector influences the macroeconomy in many aspects. Monetary policy affects
firms’ external financing and investment decisions through its impact on credit costs in
financial markets. Institutional reform in financial markets can affect this monetary policy
transmission. Safe assets are an important part of an economy. They are demanded by
agents who look for a safe store of value, and how safe they are and how large their supply
is affect the liquidity property of those assets and welfare of the economy. Financial crises,
like the Great Recession, are not only costly in terms of output and investment in the short
run, but they also cause productivity slowdown in the longer horizon through their impact
on research and development (R&D). This dissertation contributes to the understanding of
these issues.

Chapter One studies how monetary policy affects credit costs in financial markets and
firms’ external financing decisions. I study this transmission mechanism of monetary policy
in a general equilibrium macroeconomic model where firms issue corporate bonds or obtain
bank loans, and corporate bonds are not just stores of value but also serve a liquidity role.
The model shows that 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
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empirical evidence that supports this result. The model also predicts that a higher nominal
policy rate induces firms to substitute corporate bonds for bank loans, which is supported
by the existing empirical evidence. In the model, 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 corporate bond liquidity.

Chapter Two, joint work with Athanasios Geromichalos and Lucas Herrenbrueck, stud-
ies the relationship between an asset’s safety and liquidity. Recently, a lot of attention has
been paid to the role “safe and liquid assets” play in the macroeconomy. Many economists
take as given that safer assets will also be more liquid, and some go a step further by practi-
cally using the two terms as synonyms. However, they are not synonyms: safety refers to the
probability that the (issuer of the) asset will pay the promised cash flow, and liquidity refers
to the ease with which an asset can be sold if needed. Mixing up these terms can lead to
confusion and wrong policy recommendations. In this chapter, we build a multi-asset model
in which an asset’s safety and liquidity are well-defined and distinct from one another, and
examine the relationship between an asset’s safety and liquidity in general equilibrium. We
show that the commonly held belief that “safety implies liquidity” is generally justified, but
there may be exceptions. We then describe the conditions under which a relatively riskier
asset can be more liquid than its safe(r) counterparts. Finally, we use our model to rational-
ize the puzzling observation that AAA corporate bonds are considered less liquid than (the
riskier) AA corporate bonds.

Chapter Three studies how financial crises affect R&D activities, which is one of the
key determinants of productivity. Recent literature documents the slow recovery and the

productivity slowdown in the aftermath of financial crises. Several theoretical papers propose
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models to rationalize this. Some attribute it to a decline in the level of R&D, while others
to a decline in the effectiveness of R&D. Which channel is more empirically relevant is an
important question in guiding theoretical works. This chapter contributes to the literature
by answering this question. Using data on 30 OECD countries over the years 1981-2016, I
estimate the responses of R&D upon recessions and financial crises, using local projections.
While recessions are bad times for output and investment in general, most of the responses are
coming from the non-R&D part of investment. R&D is overall unresponsive to recessions,
even to financial crises. This result suggests that a decline in R&D efficiency is a more

empirically relevant channel to the productivity slowdown.
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Chapter 1

Liquidity Premium, Credit Costs, and

Optimal Monetary Policy

1.1 Introduction

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 have two options
for external financing: they can issue corporate bonds or obtain bank loans. A theoretical
novelty of my 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. This is in contrast with the common belief that all rates



in the economy move in the same direction in response to changes in monetary policy.! T
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 corporate bond liquidity.

To provide a concrete concept of liquidity of corporate bonds, I employ a model in
the tradition of monetary-search theory, extended to include firms externally financing their
production. Consumers and firms trade in a decentralized market, where trade is bilateral,
credit is imperfect, and thus a 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 the 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 whether 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.

Incorporating liquidity is the key to obtaining the main result of the paper. Thus, it

!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
[emphasis added].” 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.



is important to justify that this choice is empirically relevant. I highlight the fact that the
U.S. corporate bond secondary market underwent a structural change during the early 2000s
with the introduction of the Transaction Reporting and Compliance Engine (TRACE) that
mandated reporting transaction-related information in all over-the-counter (OTC) transac-
tions. Empirical evidence 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 since the
TRACE was implemented.?

In the model, the nominal policy rate affects the cost of issuing corporate bonds and
borrowing from a bank as follows. 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 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 because
it depends positively on the marginal benefit of a loan, and the latter decreases in the loan

size.

2Two observations 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 mandatory transaction reporting system. Second, Bao, Pan, and
Wang (2011) find that liquidity explains 47% to 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. Also, He and Milbradt
(2014) find that liquidity accounts for 44% of credit spreads for investment-grade corporate bonds and 31%
for speculative-grade corporate bonds.



To empirically identify the channel through which the nominal policy rate affects the
liquidity premium of corporate bonds (which I label the liquidity premium channel of mon-
etary policy transmission), I use the fact that the introduction of the TRACE brought a
structural change in the liquidity of the corporate bond secondary market. The liquidity
premium channel is identified by the difference in the effect of an increase in the nominal
policy rate on the corporate bond premium between the pre- and the post-TRACE periods.
I employ the structural vector autoregression (SVAR) and the local projection approaches.
To ensure the results are not driven by other macro factors and to limit any potential re-
verse causality issues, I exploit the high-frequency identified surprises from Federal Funds
futures around the Federal Open Market Committee policy announcements as an external
instrument, following Gertler and Karadi (2015).

The empirical analysis shows that the liquidity premium of corporate bonds indeed
responds negatively to an increase in the nominal policy rate as the model predicts. Direct
liquidity measures such as bid-ask spreads and trading volume further confirm the result.
In the pre-TRACE period when the secondary market liquidity is low, a higher nominal
policy rate still increases the bond premium, which is consistent with Gertler and Karadi
(2015). However, surprisingly, in the post-TRACE period when the secondary market is
highly liquid, the liquidity premium channel turns out to be so strong that a higher nominal
policy rate decreases the bond premium. On the contrary, the real loan rates increase in the
nominal policy rate.

Another interesting prediction of the model is that an increase in the nominal policy rate
induces 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
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corporate bond issuance rely less on bank loans and thus can negotiate for a lower real loan
rate. 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 this theoretical finding.
Lastly, I use the model to study optimal monetary policy for the period, such as the
post-TRACE period, when the liquidity premium channel of monetary policy transmission is
dominant in the response of the bond premium to the nominal policy rate. 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 zero nominal policy rate—is suboptimal.®> The intuition
behind the suboptimality of the Friedman rule is as follows. Assume that the nominal policy
rate is currently low, so that the borrowing cost in the corporate bond market is high, while
that in the bank loan market is low. When meeting a firm for trade, agents face risk: they
can meet a firm that obtained a loan from a bank and have large production capacity, or
a firm that financed only by issuing corporate bonds and have 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 nominal policy rate depends on the corporate bond secondary market liquidity

and the distribution of firms along their ways of financing. The more liquid the corporate

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, especially models with search externality. Later,
when I review the related literature, I provide a more detailed discussion of exceptions to this result, and
I 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.



bond secondary market, or the more firms financing through issuing corporate bonds, the

higher the optimal policy rate.

Related literature. A collection of empirical papers uses monetary policy as a source of
aggregate variation and studies its effect on the firm-side of the economy. One strand of
such literature examines firms’ heterogeneous responses in their investment, interpreting the
results as an indication of the presence of financial frictions. The heterogeneity depends
on the firms’ 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/dividend payouts (Cloyne, Ferreira, Froemel, and Surico (2019)). This
paper contributes to the literature by studying the heterogeneity in the responses of different
financial markets for firms’ external financing, including the corporate bond and the bank
loan markets, which implies that firms will respond differently depending on their access to
markets.

Another related empirical literature is the one that examines the relationship 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 Trea-
suries is positively associated with the short-term interest rates. The rationale behind it
is the exact same as the one considered 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.

This paper also contributes to the empirical literature that investigates the effect of the
introduction of the TRACE to the corporate bond secondary market. A series of papers, such
as Bessembinder, Maxwell, and Venkataraman (2006), Edwards, Harris, and Piwowar (2007),
Goldstein, Hotchkiss, and Sirri (2007), and Asquith, Covert, and Pathak (2013), study the
impact of the mandatory transaction reporting through the TRACE on the trading costs
and the liquidity of the corporate bond secondary market. This paper contributes to the
literature by looking at the impact of the introduction of the TRACE on the response of the
corporate bond market to monetary policy.

Also related is the literature that studies firms’ financing choices and the composition of
credit, which includes for instance Denis and Mihov (2003), Adrian, Colla, and Shin (2012),
Becker and Ivashina (2014), and Schwert (2018). This paper is especially relevant to Becker
and Ivashina (2014). One of the theoretical findings of this paper is that firms switch from
loans to bonds following an increase in the nominal policy rate. Becker and Ivashina (2014)
provide direct empirical support for this finding.

The model in this paper builds on the New Monetarist framework, recent advances in
monetary economics, as surveyed in Lagos, Rocheteau, and Wright (2017) and Nosal and
Rocheteau (2017). The consumer-side of the model is based on Lagos and Wright (2005).
In the model, corporate bonds have a liquidity premium due to the liquidity service they
provide, and the monetary policy affects the costs of holding money and in turn the price
of corporate bonds through their liquidity premium, following Geromichalos, Licari, and

Sudrez-Lled6 (2007), Lagos (2011), Nosal and Rocheteau (2012), Andolfatto, Berentsen, and

4Lagos and Zhang (2020) provide an empirical study on the equity market.
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Waller (2013), and Hu and Rocheteau (2015).°

Another paper that studies how monetary policy affects corporate finance is Rocheteau,
Wright, and Zhang (2018). While in their paper firms finance investment by internal financ-
ing or bank loans, the firm-side of the model in this paper focuses solely on external financing,
in particular corporate bond issues and bank loans.® In addition, this paper integrates the
consumer- and the firm-sides and studies how they interact with each other. By doing so, the
supply of corporate bonds becomes endogenous, instead of being supplied at an exogenous
level. Geromichalos and Herrenbrueck (2016b) also endogenize the supply of assets, but in
their model asset issuers and sellers who produce consumption goods are different agents.
On the other hand, in this paper firms issue bonds to finance their production.

As for the suboptimality of the Friedman rule, there exist generally two classes of
models where positive costs of holding money can be welfare improving.” One is the models
where inflation has distributive effects (see for example Molico (2006) and Rocheteau, Weill,
and Wong (2019)). The other is the models with free entry to search (see for example
Rocheteau and Wright (2005) and Berentsen, Rocheteau, and Shi (2007)). When there is
search externality, the Friedman rule is optimal if and only if the Hosios (1990) condition is
satisfied. When the Hosios (1990) condition does not hold, a deviation from the Friedman

rule can be optimal since it can adjust the inefficiently large or small number of agents

®While in this paper the liquidity property of assets is direct in the sense that they serve as a medium of
exchange or collateral 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 or by using
information theory. See Berentsen, Huber, and Marchesiani (2014, 2016), Han (2015), Geromichalos and
Herrenbrueck (2016a, 2016b, 2017), Geromichalos, Herrenbrueck, and Salyer (2016), Mattesini and Nosal
(2016), Herrenbrueck and Geromichalos (2017), Herrenbrueck (2019a), and Madison (2019) for the examples
for the former, and Rocheteau, Wright, and Xiao (2018) for the latter.

6The OTC market for bank loans in this paper follows Rocheteau, Wright, and Zhang (2018).

"For 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).



who are in search. This paper provides a new rationale for why the Friedman rule can be
suboptimal, which is due to the heterogeneity in the effect of monetary policy across different

financing sources.

Definitions of premiums. This paper defines the liquidity premium and the bond premium
as follows. The liquidity premium is a price premium that investors are willing to pay for
the liquidity service that assets provide. It is defined as the price of an asset minus the price
if the asset did not provide any liquidity service. This definition follows the New Monetarist
literature (see Lagos, Rocheteau, and Wright (2017) and Nosal and Rocheteau (2017) for
surveys). The liquidity premium defined in this way moves in the same direction as that in
Nagel (2016) and Drechsler, Savov, and Schnabl (2018), who define the liquidity premium in
yield, as the yield if an asset did not provide any liquidity service minus the yield of the asset.
The definition of the bond premium follows Gilchrist and Zakrajsek (2012), who defines the
bond premium as 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. Under these

definitions, the liquidity premium and the bond premium are negatively correlated.

Structure of the paper. Section 1.2 presents the environment of the model. Section 1.3
characterizes the equilibrium of the model and examines the transmission mechanism of
monetary policy to credit costs. Section 1.4 provides empirical analysis and evidence that
supports such mechanism. Section 1.5 analyzes how monetary policy affects the composi-
tion of firms’ credit. Section 1.6 studies optimal monetary policy. Section 1.7 concludes.
The appendices contain a theory appendix and an appendix that explains data sources and

includes additional figures for robustness checks.



1.2 The Model

The model builds on Lagos and Wright (2005) and introduces firms externally financing their
production. Time is discrete and continues forever. Each period is divided into two subpe-
riods. In the first subperiod, there is a decentralized market (DM) where a specialized good
is traded. In the second subperiod, three markets open in order: a frictionless centralized
market (CM) where agents settle liabilities and trade a consumption good and assets; an
over-the-counter (OTC) market for bank loans, as in Rocheteau, Wright, and Zhang (2018);
and a competitive market for intermediate goods. The consumption good in the CM is taken
as the numeraire.

There are four agents: firms, intermediate good suppliers, banks, and consumers. Firms
produce special goods (hereafter, DM goods) in the DM and sell them to consumers. To
produce the DM goods, they need to purchase intermediate goods from the intermediate
good suppliers, and, to do so, they need to externally finance. The intermediate good
suppliers (hereafter, suppliers) can produce intermediate goods and provide them to firms.
Bank loans are one of the ways of external financing, and banks do loan services for firms.
Consumers buy the DM goods from firms in the DM and consume them. The measure of
firms and consumers is 1. The measure of banks is the same as that of firms borrowing from
a bank. The measure of suppliers is irrelevant due to constant returns to scale (CRS) in
their production.

Agents live forever, except for firms that live one period. Firms are born in the second
subperiod and die next period in the second subperiod after settlement. Agents discount

across periods, but not subperiods, at rate 5 € (0,1). All agents have a linear preference
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over the numeraire, ¢, where ¢ > 0 is interpreted as consumption of the numeraire and ¢ < 0
as production. Additionally, consumers, who consume the DM goods in the first subperiod
in the DM, derive utility, u(q), where ¢ is the consumption of the DM goods. wu is twice
continuously differentiable, u(0) = 0, v/(0) = oo, u/(c0) = 0, v/ > 0 and v’ < 0. Firms
can transform intermediate goods acquired from suppliers into the DM goods with linear
technology.® Suppliers can produce intermediate goods at unit cost.

Firms, born in the second subperiod, are in need of intermediate goods to produce
the DM goods in the following first subperiod. When purchasing intermediate goods from
suppliers, firms need to pay in numeraire, and firms that are just born are assumed not to be
able to produce numeraire goods. Firms can acquire numeraire goods either by obtaining a
loan from a bank or by issuing one-period real corporate bonds that yield a unit of numeraire
in the next second subperiod. For the moment, it is assumed that the measure 1 — X € (0, 1)
of firms finance by borrowing from a bank, while the measure A of firms finance by issuing
corporate bonds.” The issuance decision of firms endogenously determines the supply of
corporate bonds. On the demand side of the corporate bond market are consumers. Banks
are not allowed to hold corporate bonds.

The other asset traded in the CM, besides corporate bonds, is money. Monetary author-
ity controls the money supply, and the supply evolves according to My, = (14 7)M,, where
7 is the rate of monetary expansion (or contraction if 7 < 0) implemented by lump-sum

transfers to (or taxes on) consumers at the beginning of the second subperiod. In a station-

8This is without loss of generality, and all go through with a concave production function. Assume that,
with k& amount of intermediate goods, firms can produce f(k) amount of the DM goods, where f is twice
continuously differentiable, f(0) =0, f/(0) = oo, f'(00) =0, f/ > 0 and f” < 0. This in turn means that, to
produce ¢ amount of the DM goods, a firm needs f~!(g) amount of intermediate goods. f~! is effectively a
convex cost function, and all remaining analysis is the same.

9Section 1.5 endogenizes the ways of firms’ financing.
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Figure 1.1. The environment of the model

ary equilibrium, 7 is also the inflation rate. i = (1 + 7)/8 — 1 represents the cost of holding
money and, it is the nominal interest rate on an illiquid bond (if such bond were introduced).
An equilibrium exists for ¢ > 0, or 7 > S — 1, and the Friedman rule is considered as 7 — 0,
orm— [ —1.

In the DM, firms produce the DM goods using intermediate goods and sell them to
consumers. Trade in the DM is bilateral and agents are anonymous and lack commitment.
Thus, trade has to be quid pro quo and necessitates a medium of exchange. Both money
and corporate bonds can play this role. But corporate bonds are partially liquid, and only a
fraction x € (0, 1] can be used as payment. Consumers meet firms randomly and negotiate
over the terms of trade. All consumers match with a firm. The surplus generated within

a match is split according to Kalai’s proportional bargaining solution, and the consumer’s
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bargaining power is 6 € (0,1). In the OTC market for loans, all firms match with a bank.
Terms of a loan contract are determined through generalized Nash bargaining between a
firm and a bank, and the banks’ bargaining power is n € (0, 1).

The environment of the model is summarized in Figure 1.1.

1.3 Analysis of the Model

1.3.1 Value Functions

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 (units of money in terms

of numeraire) and corporate bonds to bring to the DM. The value function of the consumer

in the CM is

W w)= max c+ BV m,a) st. ¢+ (1+m)m+a=w+T, (1.1)

€,m>0,a>0

where W¢ and V¢ are the value functions of a consumer in the second and the first sub-
periods, respectively, ¢ is consumption (or production if ¢ < 0) of numeraire goods, m is
real balances (units of money in terms of numeraire), a is the amount of corporate bonds
purchased, 1 is the price of corporate bonds, and 7' is the 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 + 7)m of real balances this period to hold m at the start of the next period.
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Eliminating ¢ using the constraint, the value function reduces to

W w)=w+T+ maxo{—(l—l—ﬂ)m—w&—i—ﬁvc(m, a)}t, (1.2)

m>0,a>

which shows that W is linear in w and that the choice of (112, @) is independent of w. In the
following first subperiod, the consumer randomly matches with a firm and trades the DM
goods. In the DM, the consumer bargains with a 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 firm are denoted by (¢, pr). With
probability A, the consumer will match with a firm that finances through issuing corporate
bonds, and the terms of trade with such firm are denoted by (¢, pg). 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+ a —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(i a) = (1= A) [ulq) + W +a—po)] + Xu(gs) + W +a—pp)], (1.3)
which, using the linearity of W¢, reduces to
V(i a) = (1= X [ulgr) — pr] + Mulas) — ps] + WO (i + a). (1.4)
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Next consider the value function of an intermediate good supplier in the second subpe-
riod:

W = max c + BW?S st. c+k = pik, (1.5)

where k is the amount of intermediate goods produced and py is their price. Suppliers do
not trade in the DM and do not carry any money or corporate bonds due to the cost of
holding money and because corporate bonds will be priced at the liquidity premium. In the
competitive market for intermediate goods that comes after the CM, suppliers choose the
amount of intermediate goods, k, to produce at a linear cost taking its price, pg, as given. A
supplier finds k that maximizes —k + pik. If the intermediate goods market is active, p, = 1.

In the OTC market for loans, a bank provides a loan to a firm. The terms of a loan
contract, denoted by (k,7,), 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 in the next second subperiod. 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)k) st. c+k=uw. (1.6)

The constraint can be written as k£ = w — ¢, and this represents the balance sheet of the
bank. It indicates that the amount of a loan given to a firm, k, is 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 W5 (w) = w — k + BWE((1 + k).
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Now consider a firm in the second subperiod that is just born and finances through bor-
rowing from a bank under the terms of a loan contract (k,r,). With & amount of numeraire
borrowed from a bank, the firm purchases & amount of intermediate goods from suppliers at
price pr, = 1. In the following first subperiod, the firm matches with a consumer and trade
the DM goods, and the terms of trade are denoted by (qr,pr). After trading in the DM, the
firm brings k — g, of leftover intermediate goods and p; of financial wealth to the CM and
needs to pay back (1 + )k units of numeraire to the bank. The value function in the first

subperiod of a firm with a loan contract (k,ry) is

VE(k, (L+r0)k) = WH(k — qp, pL. (L +10)k), (1.7)

where VI and W are the value functions of a firm in the first and the second subperiods,

respectively. The value function of a firm in the second subperiod after trading in the DM is

Wk — qu,pr, 1+ r0)k) = max ¢ s.t. ¢= k—qr+pr— (1+ro)k, (1.8)

which simply reduces to W (k — q, pr., (1 +ro)k) = k — qr + pr, — (1 + 7¢)k.1°

A firm that finances through issuing corporate bonds first decides the amount of cor-
porate bonds to issue, A, taking their price ¥ in the CM as given. With 1/1/1 amount of
numeraire acquired by issuing corporate bonds, the firm purchases intermediate goods from

suppliers at price p,, = 1. In the following first subperiod, the firm matches with a consumer

10Tt is assumed that the firm can use the leftover intermediate goods to produce numeraire goods at unit
cost, in case the firm did not use all the intermediate goods it held to produce the DM goods. Allowing
a firm to be able to use the leftover intermediate goods enters as an outside option for firms in bargaining
over the terms of DM trade, and this technology is not used in equilibrium. This assumption is just for
simplifying the exposition.
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and trade the DM goods, and the terms of trade are denoted by (¢p,pp). After trading in
the DM, the firm brings ¥ A — gp of leftover intermediate goods and pg of financial wealth
to the CM and needs to pay A units of numeraire to the consumers who hold the corporate
bonds. The value function in the first subperiod of a firm that issued A amount of corporate

bonds in the previous second subperiod at price v is
VF(TWL A) = WFWA — 4B, PB; A)- (1.9)
The value function of a firm in the second subperiod after trading in the DM is
WF(sz—qB,pB,A) = max ¢ st. c=vA—qp+ps—A, (1.10)

which simply reduces to WF(wfl — qB, PB, 121) = wfl —qB + pB — A. Using the linearity of
W, a newborn firm in the second subperiod decides the amount of corporate bonds to issue

by solving

~

max SV (YA, A) = max 8{(ps — q5) — (1 — ¥)A}. (1.11)
A>0 A>0

1.3.2 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, g, and the amount of

financial wealth for the consumer to transfer to the firm, p. Corporate bonds are partially
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liquid, and only a fraction xy € (0,1] can be used as a medium of exchange. Thus, the
maximum amount of financial wealth that the consumer can use for trade is m + ya. The
firm can produce the DM goods with a linear technology up to k. Trade is as a result
subject to both the consumer’s liquidity and the firm’s capacity constraints: p < m + xa
and ¢ < k. The total surplus generated within a meeting is split according to Kalai’s
proportional bargaining solution, and the consumer’s bargaining power is § € (0,1). The
consumer’s continuation value with trade is u(q) + W (m + a — p): the consumer derives
u(q) of utility from consuming ¢ amount of the DM goods and brings m + a — p amount
of leftover financial wealth to the CM after transferring p amount of financial wealth to the
firm as a payment. 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 W¥(k — ¢, p, -),
where the last argument is the liabilities that the firm needs to pay back 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 a bank loan). The firm brings k£ — ¢ amount of leftover intermediate goods after
producing ¢ amount of DM goods with a 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 — ¢, p, -) — WF(k,0, -), which, using

the linearity of W, reduces to p — ¢. The total surplus is the sum of the consumer’s surplus
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and the firm’s surplus and equals u(q) — ¢. The bargaining solution is

p=uv(q) = (1 —=0)u(q) +0q, v'(q) >0, (1.12)

q = min{v~(m + ya), k}. (1.13)

The consumer must transfer p = v(¢q) 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. p solves u(q) —p = 6(u(q) —q) or p—q = (1—0)(u(q) —q)
so that the consumer’s surplus, u(q) — p, becomes 6 share of the total surplus, u(q) — ¢,
and that the firm’s surplus, p — ¢, becomes 1 — @ share of the total surplus. The first best
solution to the bargaining problem that maximizes the total surplus is denoted by (p*, ¢*),
where p* = v(q*) and ¢* satisfies v'(¢*) = 1. With m + ya amount of financial wealth that
can be used for trade, the consumer can buy 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 + ya < 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 capacity determines

the bargaining solution. Thus, ¢ is given by the minimum between v—!(m + ya) and k.
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1.3.3 Loan Contract

Consider a meeting in the OTC market for loans in the second subperiod 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 second subperiod, (1 + r¢)k, where 7, is the real lending rate. Terms of a
loan contract are determined through generalized Nash bargaining between the firm and the
bank, and the bank’s bargaining power is n € (0,1). The firm’s continuation value with a
loan contract (k,r,) is BVE(k, (1 + 7,)k), and the firm’s continuation value without a loan
contract is SVF(0,0). Thus, the firm’s surplus is B[V (k, (1+r,)k) — V¥ (0,0)], which, using
(1.7) and the linearity of W¥, reduces to 8[p;, — qr, — r¢k]. Using (1.12) and (1.13), it further
reduces to B[(1—0)(u(qr) —qr) —rek], where q;, = min{v='(mm+xa), k} when the firm believes
that a consumer will carry m amount of real balances and @ amount of corporate bonds to
the DM. The bank’s continuation value with a loan contract (k,r,) is BWEB((1+r,)k+w—k),
and the bank’s continuation value without a loan contract is SW#(w). Thus, the bank’s
surplus is S[WE((1 + ro)k + w — k) — WB(w)], which, using the linearity of W% reduces to
Brek.!t The terms of a loan contract specify (k,7,) that solves

max ((1 — 0)(u(min{v~" (m + xa), k}) — min{o ™" (m + xa), k}) — 7"4]{)1777 (rek)”. (1.14)

k’,’/’g

1Tt 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 & < w amount to a firm and has w — k amount of leftover
numeraire in hand. It will then go to the intermediate goods market, exchange the leftover nuemraire with
intermediate goods, and, in the next period CM, produce numeraire goods using the intermediate goods
at unit cost. I assumed that banks have access to this technology. This technology is not used on the
equilibrium path, and it is just for simplifying the exposition.
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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=!(m + xa), the bargaining problem simplifies to

max (1= 0)(u(k) — k) —rek) " (rek)". (1.15)

k§U71 (m+X&),TZ

The solution is such that & maximizes the total surplus, (1 — 6)(u(k) — k), subject to k <
v (m+xa). Since u(k)—k increases in k until k = ¢*, k = min{v=*(m+xa), ¢*}. Observing

that v=!(m + xa) < ¢* holds in equilibrium, the solution is given by

k=vt(m+ xa), (1.16)
ry = n(l— 9)(;(’6) —k) (1.17)

1.3.4 Equilibrium

First start with the optimal behavior of a firm that finances through issuing corporate bonds.
From (1.10), at a given price v, the firm chooses the amount of corporate bonds to issue,
A > 0, that maximizes (pp — ¢g) — (1 — 1) A, which, using (1.12) and (1.13), reduces to
(1 —0)(u(gs) — q5) — (1 — ¥)A, where ¢gg = 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 — ¢ > 0, or ¢ < 1, that is, when borrowing through
the corporate bond market is costly. Since the firm will not want to bring more capital to

the DM than it needs to produce the amount of the DM goods that a consumer can afford,
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v~ 1(m + xa), the maximization problem becomes

max  {(1—0)(u(vA) —pA) — (1 —)A}. (1.18)

0<A<v~!(m+xa)/¥

The solution describes the optimal corporate bond issuance decision of the firm, or the supply

of corporate bonds, and is given by

A =min{v™'(m + xa) /v, A} (1.19)

where A solves

—1=(1-0)(u(pA) —1). (1.20)

S

The amount of funds raised through issuing corporate bonds when A < v=(m+xa) /v, YA,

is

VA= (u)! <% + 1), (1.21)

which is an increasing function of 1, the price of the corporate bonds. The higher price
makes financing through issuing corporate bonds less expensive and thus allows firms to
raise more funds.

Now consider the optimal behavior of a consumer who chooses a portfolio of real balances
and corporate bonds. From (1.2), 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
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1.4) and the linearity of W becomes
( y

max {— (1 +m)m —a+ fm+ Ba+ B(1 — N)[u(qr) — pr] + BNu(gs) — pB]}- (1.22)

m>0,a>0

Here I restrict attention to the case where the price of the corporate bonds, 1, 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 + Ya), and ¢, = v~ (m + xa)
given (1.16). The consumer’s maximization problem becomes

max {— (1+7m)m —va+ fm+ Pa+ 5(1 —N) [u(v‘l(m + xa)) — v(v™H(m + Xa))] },

m>0,a>0
(1.23)

The optimal behavior of the consumer is given by

HW:B{HG_A)<Z:EZ—1EZ:[§Z;; —1)}, (1.24)

¢=5{1+(1—A)X(Z:EZ_1((Z:§Z;§ . 1)} (1.25)

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

demand. These expressions simplify to

i=(1-=XL(m+ xa), (1.26)

v = B(1+ xi). (1.27)

12This essentially means that 7 is assumed to be not too high (Assumption 1.1 given below). Appendix
1.A.1 provides the characterization of the equilibrium outside this parameter space.
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where i = (1+7)/8 —1 and L(-) = u/(v"1(-))/v'(v71(+)) — 1 with L'(-) < 0.
The following assumption ensures that the price of the 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 satisfy the consumer’s demand in the DM.

(1-N{1-p)e

Assumption 1.1. 1 <7 = T— 0+ (1= \)3ox

Notice that this assumption implies that ¢ < (1 — 3)/(8x) so that v < 1 and thus also
guarantees a well-defined bond supply function.

The equilibrium is defined as below.

Definition 1.1. A steady state equilibrium of the economy corresponds to a constant sequence
(qr,q8, m,a, A, 1, k,rp), where qr, is the DM goods traded between a consumer and a firm
that finances through borrowing from a bank, qp is the DM goods traded between a consumer
and a firm that finances through issuing corporate bonds, m is the consumer’s real balance
holdings, a is the consumer’s corporate bond holdings, A is the supply of corporate bonds
issued by firms, ¥ is the price of corporate bonds, k is the size of a loan that a bank lends to

a firm, and ry is the real lending rate of loans. Under Assumption 1.1, (qr,qg) satisfy

g =v"" (L‘1 (1 i A)) (1.28)

_ (=1 1_5(1+Xi)
g = () (6(1+xi)(1—9)+1)’ (1.29)
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(m,a, A, ) satisfy

and (k,r) satisfy

where

¥ = B(1+ xi),
AZQB/¢7
a=MNA,

m = U(QL) - Xa,

v() =1 =0u(-)+0-, V() >0,

L) =v/ (@ ()07 () =1, L'() <

(1.30)
(1.31)
(1.32)

(1.33)

(1.34)

(1.35)

(1.36)

(1.37)

1.3.5 Transmission Mechanism of Monetary Policy to Credit Costs

This section focuses on how monetary policy influences the cost of financing that in turn

affects economic activity. First start with the price of the corporate bonds. From (1.30),

0v/0i > 0. The nominal policy rate ¢ affects the price of the corporate bonds through the

cost of holding money (which equals 7 itself) and the liquidity premium of the corporate bonds

(which equals LP = xi in (1.30)).
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and the real balances decrease. Due to less prevalent liquidity in the economy, the role of
the corporate bonds as a medium of exchange increases, which in turn leads to an increase
in the liquidity premium of the corporate bonds.

I define the excess bond premium following Gilchrist and Zakrajsek (2012), who compute
the excess bond premium of a corporate bond as a difference between the yield of the
corporate bond and the yield calculated using a price that equals the net present value of
the cash flows, or the fundamental value, of the corporate bond.!'® For the one-period real
corporate bond, the net present value of its cash flows is [, and the corresponding nominal
yield is i = (1 + 7)/8 — 1, while the nominal yield of the corporate bond is (1 + 7)/v — 1.

Hence, the excess bond premium (EBP) is given by

EBP = (1;” - 1) —4, (1.38)

and

OEBP — x(1+i+i(1+xi))

% TESE < 0. (1.39)

The negative impact of the nominal policy rate on the excess bond premium in this model
comes through the effect of the nominal policy rate on the liquidity premium: the higher

liquidity premium implies the smaller excess bond premium. I label this mechanism the

13Gilchrist and Zakrajsek (2012) define this difference as the credit spread, and define the excess bond
premium as the credit spread after removing the component due to default risk. Since the corporate bonds
in this model do not default, the credit spread equals the excess bond premium.
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liquidity premium channel of monetary policy transmission. Furthermore,

a'aEBP‘

0i 1+i(2—x)

— 0 1.40
ox (14 xi)3 ’ ( )

which means that the more liquid the corporate bond market, or the higher the degree of
corporate bond liquidity, the stronger the liquidity premium channel.

Next consider how the nominal policy rate passes through to the real lending rate for
loans. dry/0k < 0 from (1.35), 9k/d(m~+xa) > 0 from (1.34) and (1.36), and d(m+xa)/di <
0 from (1.26) and (1.37). These together imply Or,/di > 0. From (1.16), 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, as can be seen from
(1.17), the real loan rate increases because it depends positively on the marginal benefit of
a loan, and the latter decreases in the loan size. The following proposition summarizes the

discussion.

Proposition 1.1. As the nominal policy rate increases, the liquidity premium of corporate
bonds increases, the excess bond premium decreases, and the effect of the nominal policy on
the excess bond premium becomes stronger as the corporate bond secondary market becomes
more liquid. In addition, a higher nominal policy rate implies a higher price of corporate

bonds and a higher real lending rate for loans:

OLP OEBP d|0EBP/ | Iry
—_— —_— _ — . 1.41
5 > 0, 5 <0, By > 0, 5 >0 (1.41)
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1.3.6 Nominal Policy Rate

In the next section, I turn to the data and provide empirical evidence that supports the
monetary policy transmission mechanism of the model summarized in Proposition 1.1. In
the analysis of the model, as a nominal policy rate, I have used i, a nominal interest rate
on a perfectly illiquid bond. However, in the empirical analysis, following the literature, I
am going to use the Treasury rate as the nominal policy rate. The Treasuries are obviously
considered highly liquid and thus their rate is a different object than 7. In this subsection,
before turning to the empirical analysis, I connect ¢ and the Treasury rate, a nominal interest
rate on a liquid government bond. To do so, assume that there are government bonds supplied
at a fixed amount. Denote the nominal interest rate on the government bonds by 4,4. Also,
assume that those government bonds are partially liquid, and only a fraction x, € (0, 1] can
be used for liquidity purposes. In this case, in equilibrium, the nominal interest rate on the

government bonds is given by

. (1—x,)i  Oiy
LT Xel Ty, 1.42
W= T o (142)

That is, there is a one-to-one positive relationship between ¢ and i,. Hence, in the following

empirical exercise, I adopt the Treasury rate as the policy rate.!4

14 Although theoretically it is possible to generate a negative relationship between i and i, when one
microfounds the asset secondary market in a rigorous way (see Geromichalos and Herrenbrueck (2017) for
instance), 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 are positively correlated.
This gives me another justification for using the Treasury rate as the policy rate for the empirical analysis,
given that the sample period of the dataset that I use starts from 1990.
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1.4 Empirical Analysis

1.4.1 Structural Change in the Corporate Bond Market
1.4.1.1 Introduction of TRACE and Its Impact on Market Liquidity

Corporate bonds are traded between agents in the secondary market, which is a dealer-
oriented over-the-counter (OTC) market. The trading environment of the U.S. corporate
bond secondary market used to be highly opaque for decades. Transaction-related informa-
tion, such as prices and volumes at which corporate bonds were traded, was available only
to the parties involved in the transactions. This caused an asymmetric information prob-
lem between dealers and traders, and dealers extracted rents from less-informed customers.
These rent-seeking behaviors of dealers incurred traders a huge amount of trading costs and
made the market illiquid.'®

However, the scene changed dramatically when the Transaction Reporting and Compli-
ance Engine (TRACE) was introduced to the U.S. corporate bond market, and many of the
issues that were hindering the market from being liquid were resolved. With the approval of
the Securities and Exchange Commission (SEC), beginning on July 1, 2002, the National As-
sociation of Security Dealers (NASD) (which is currently the Financial Industry Regulatory
Authority (FINRA)) started to require dealers to report transaction-related information on
all over-the-counter trades for publicly issued corporate bonds, such as the identification of
traded bonds, the date and the time of execution, trade size, trade price, yields, and whether

the dealers bought or sold in the transaction. The TRACE is the platform that the NASD

15Biais and Green (2019) provide detailed discussion on how the opaque transaction environment deteri-
orated the corporate bond secondary market in terms of trading costs and the market liquidity.
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developed to facilitate this mandatory reporting.

The amount of the information made public and the timeliness of reporting under the
new system were phased in over time from July 1, 2002 to January 9, 2006 based on the
size and the credit rating of the bonds. On July 1, 2002, trades in investment-grade cor-
porate bonds with an issuance size of $1 billion or greater, as well as 50 representative
non-investment-grade bonds, began to be disseminated to the public. During 2003, trades
in 120 selected BBB-rated bonds (on April 14, 2003) and higher-rated bonds (on March 3,
2003) with initial issue sizes over $100 million began to be disseminated to the public. On
February 7, 2005, data began to be disseminated for all but newly issued or lightly traded
bonds. By January 9, 2006, trades in all publicly issued bonds were disseminated to the
public. In addition, the timeliness with which dealers were required to report trades was
tightened in stages. Upon the introduction of TRACE, dealers had 75 minutes to report
trades. This was reduced on October 1, 2003, to a reporting time of 45 minutes, and on Oc-
tober 1, 2004, to 30 minutes. Since July 1, 2005, dealers have been required to report trades
within 15 minutes. Since January 9, 2006, reports have had to be made immediately.'¢

Empirical evidence shows that the post-trade transparency due to the introduction of the
TRACE reduced dealers’” information advantage relative to traders, led to a significant drop
in trading costs, and substantially improved the market liquidity. For example, three papers,
Bessembinder, Maxwell, and Venkataraman (2006), Edwards, Harris, and Piwowar (2007),
and Goldstein, Hotchkiss, and Sirri (2007) examine how the market liquidity, measured in

bid-ask spreads, changed around the period when the TRACE was implemented, and find

16For more details on the history of the implementation of the TRACE, see Bessembinder and Maxwell
(2008) and Asquith, Covert, and Pathak (2013).
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that the secondary market liquidity increased by 50-84% with the mandatory transaction
reporting system. The empirical literature documents this substantial improvement in the
market liquidity with the introduction of the TRACE as a structural change in the U.S.

corporate bond market.

1.4.1.2 Hypotheses

The increased liquidity of the corporate bond secondary market with the introduction of the
TRACE can be interpreted as an increase in x in the model, the fraction of corporate bond
holdings that can be used towards trades for liquidity purposes, which essentially is capturing
the degree of the secondary market liquidity. This in turn implies that, as Proposition 1.1
states, the liquidity premium channel of monetary policy transmission must be stronger in
the period after the TRACE was implemented.

My model was focusing mainly on how monetary policy affects the corporate bond
premium through the liquidity premium of the corporate bonds, and, through this channel,
a higher nominal policy rate decreases the corporate bond premium, as in Proposition 1.1.
However, there is other channel as well through which monetary policy can influence the
corporate bond premium. According to the literature on the credit channel of monetary
policy transmission, 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.!'” This means that the end effect of monetary policy on
the corporate bond premium depends on the relative strength of the (negative) liquidity

premium channel and the (positive) credit channel.

17See for instance Bernanke and Gertler (1989), Kiyotaki and Moore (1997), and Bernanke, Gertler, and
Gilchrist (1999).
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Gertler and Karadi (2015) find that an increase in the nominal policy rate increases the
corporate bond premium using the data with the sample period 1979-2012. This suggests
that, during that overall period, the credit channel is stronger than the liquidity premium
channel. Noting that the liquidity premium channel must be stronger during the post-
TRACE period, I make the following hypotheses. When the effect of an increase in the
nominal policy rate is positive in the overall period, the magnitude of the effect should be
larger during the pre-TRACE period when the negative liquidity premium channel barely
exists. On the other hand, the magnitude of the effect should be smaller during the post-
TRACE period when the negative liquidity premium channel is active. Or, the effect could
potentially be overturned and become negative if the liquidity premium channel is strong
enough.

In the empirical analysis in the following sections, I test the hypotheses and show that
this is the case. In Section 1.4.2, I compare the effect of monetary policy on the corporate
bond premium across the two periods before and after the introduction of the TRACE. In
doing so, the liquidity premium channel is identified by the difference in the effects across
two periods. In Section 1.4.3, I measure the liquidity premium channel using more direct
liquidity measures, such as bid-ask spreads and trading volume. In Section 1.4.4, I examine
how bank loan rates respond to monetary policy changes. These altogether provide empirical

support to Proposition 1.1.
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1.4.2 Corporate Bond Premium and Monetary Policy Shocks
1.4.2.1 Empirical Framework

For the corporate bond premium, I use the excess bond premium measured by Gilchrist and
Zakrajsek (2012), which is an extracted component of credit spreads that is not directly
attributable to the expected default risk. I estimate the dynamic response of the excess
bond premium to a monetary policy shock. I use the structural vector autoregression with
external instruments (SVAR-IV) that was introduced by Stock (2008) and Mertens and Ravn
(2013), and apply it to monetary policy, following Gertler and Karadi (2015). The SVAR-
IV includes four variables: the 1-year Treasury constant maturity rate (as the policy rate),
industrial production (100 times log of it), the consumer price index (100 times log of it), and
the excess bond premium. To ensure the results are not driven by other macro factors and
to limit any potential reverse causality issues, as exogenous variations in the policy rates, I
use 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). In addition, I use the local projection instrumental variable (LP-
IV) approach, following Jorda (2005), Jorda, Schularick, and Taylor (2020). The baseline
specification for horizon A is v, — yi—1 = o + B"r; 4+ usyn, where y are the main variables,
r is the policy rate that is instrumented, and 8" refers to the impulse response at horizon h.
The same four variables and instruments are used for estimation.

The sample period spans 1990:2-2016:12 with monthly frequency. For both SVAR-IV
and LP-IV specifications, 12-month lags of the four main variables and 4-month lags of the

instrument are used as control variables, following Gertler and Karadi (2015). I do the unit
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effect normalization following Stock and Watson (2018) for direct estimation of the dynamic
causal effect in the native units relevant to policy analysis. Standard errors are calculated
using the sample variances computed from 1,000 draws from a parametric Gaussian bootstrap
for SVAR-IV following Stock and Watson (2018), 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 given.

To examine potentially different effects of monetary policy shocks on the excess bond
premium 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 post-TRACE
period. Considering the fact that required reporting of corporate bond transactions to the
public was phased in over the period 2002:7-2006:1, I choose the midpoint 2003:3 as a
benchmark when the mandatory reporting was imposed on a significant portion of corporate

bonds. I check that the results are robust to alternative breakpoints.

1.4.2.2 Results

The response of the excess bond premium to a one-percent increase in the nominal policy
rate estimated using SVAR-IV is given in Figure 1.2, and the response estimated using LP-
IV is given in Figure 1.3. In both Figures 1.2 and 1.3, the left panel is for the entire period,
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-
statistic 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.
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Figure 1.2. 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 normal-
ization. Sample period: 1990:2-2016:12; pre-TRACE period: 1990:2-2003:2; post-TRACE
period: 2003:3-2016:12. Dashed lines are the 95% confidence interval.

Monetary policy shock considered is a one-percent increase in the 1-year Treasury con-
stant maturity rate, which I consider as the policy rate. 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 different when we look at the two different periods: the pre-
and the post-TRACE periods. For 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, for the post-TRACE period, the response
of the excess bond premium is not just less strong but it becomes negative. These results
are consistent with the hypotheses. The whole period covers both the pre-TRACE period
where the negative liquidity premium channel is less effective and the post-TRACE period
where the negative liquidity premium channel is more effective. It turns out that during the
post-TRACE period the negative liquidity premium channel is strong enough to dominate

the positive credit channel.
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Figure 1.3. 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 period: 1990:2-2003:2; post-TRACE period:
2003:3-2016:12. Dashed lines are the 95% confidence interval.

1.4.2.3 Sensitivity Analysis

This section checks the robustness of the decline in the excess bond premium following an

increase in the nominal policy rate during the post-TRACE period.

Factor-augmented LP-IV. As Stock and Watson (2018) point out, if there are more than
four shocks that affect the four variables, or if some elements of the four variables are
measured with error (such as industrial production, the consumer price index, or the inflation
rate), including additional variables that are correlated with the shocks could increase the
precision of the estimation. As suggested by Stock and Watson (2018), T add lags of principal
components, or factors, computed from the FRED-MD database by McCracken and Ng
(2016) to the LP-IV setting. The response of the excess bond premium to a one-percent
increase in the nominal policy rate estimated using factor-augmented LP-IV is given in
Figure 1.B.1. The additional controls yield results that are consistent with (and stronger

than) the results estimated using LP-IV.
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Test for a structural break. To test a 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 1.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 1.B.3 estimates the responses using factor-augmented LP-IV. As can be seen,
an increase in the nominal policy rate has a negative impact for the post-TRACE period.
Although the negative impact is not significant in the early 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. The sample period, especially the post-TRACE period, includes the
Great Recession, and, during that period, the short-term interest rate reached the zero lower
bound. However, Swanson and Williams (2014) argue that the zero lower bound was not a
constraint on the Federal Reserve’s ability to manipulate the 2-year rate, which might have
been probably less true for the 1-year rate. To address the concern about the zero lower
bound, I show the results are robust to using the 2-year Treasury constant maturity rate,
instead of the 1-year rate, although, as Gertler and Karadi (2015) point out, the 2-year rate
is less relevant with the instrument in the first-stage regression compared to the 1-year rate
and thus suffers the weak instruments problem. Figure 1.B.4, 1.B.5 and 1.B.6 show the
response of the excess bond premium to a one-percent increase in the nominal policy rate for
the entire period, the pre-TRACE period, and the post-TRACE period, respectively using
LP-1V, factor-augmented LP-IV, and SVAR-IV, using the 2-year rate. All the results are

consistent with those using the 1-year rate.
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Estimates during the shorter period around the introduction of the TRACE. Another con-
cern over the fact that the sample period, especially the post-TRACE period, includes the
Great Recession is that it was a very different time in terms of monetary policy, for example,
in that the central bank used unconventional credit market interventions such as a series of
quantitative easing to affect market interest rates. This therefore implies that the pre- and
the post-TRACE periods are different not just because of the introduction of the TRACE
but because of all that was happening during and after the crisis. To address this concern and
to make the pre- and the post-TRACE periods as similar as possible except for the existence
of the TRACE, I narrow the sample period to a shorter window around the introduction
of the TRACE to exclude the 2008:7-2009:6 crisis period. I consider 1997:11-2003:2 as the
pre-TRACE period and 2003:3-2008:6 as the post-TRACE period. Due to the singularity
problem with the long lag length, I decrease the lag length of the four main variables to 4
months and that of the instrument to 2 months. Figure 1.B.7 shows the response of the ex-
cess bond premium to a one-percent increase in the nominal policy rate for the entire period,
the pre-TRACE period, and the post-TRACE period using LP-IV during the shorter sample
period. Although the small sample size generates large standard errors and using the short
lag length is subject to a weak instruments problem, the results, especially the one for the
post-TRACE period, suggest the decline in the excess bond premium following a one-percent
increase in the nominal policy rate when the negative liquidity premium channel is active
and strong. Figure 1.B.8 and 1.B.9 perform the same exercise using SVAR-IV. Even with
the shorter sampler period that does not include the recent crisis, the responses of the excess
bond premium to a one-percent increase in the nominal policy rate during the pre- and the

post-TRACE periods are extremely contrasting and significant, with the former during the
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pre-TRACE period being the exact same as in Gertler and Karadi (2015) and the latter

during the post-TRACE period being a total opposite.

Different lag lengths. 1 check the robustness of the results with different lag lengths. When
the lag length of the main variables is shorter than 9 months, the first-stage regression suffers
a weak instruments problem with both the F-statistic the robust F-statistic being less than
the threshold suggested by Stock, Wright, and Yogo (2002). For a lag length longer than or

equal to 9 months (I checked up to 24 months), the results remain consistent.

Alternative breakpoints. The obvious alternative breakpoint is 2002:7 when the mandatory
reporting was first executed. All the results discussed remain the same. Using other break-
points such as 2003:4 (when the mandatory reporting was applied to additional 120 selected
BBB-rated bonds), 2005:2 (when the mandatory reporting was applied to all but newly is-
sued or lightly traded bonds) or 2006:1 (when transaction information for all publicly issued

bonds started to be made public) also does not change the results at all.

1.4.3 Liquidity Premium and Monetary Policy Shocks

In the previous section, the liquidity premium channel of monetary policy transmission is
identified indirectly by the difference of the effects of monetary policy on the corporate
bond premium across the pre- and the post-TRACE periods. In this section, I measure
the liquidity premium channel using direct liquidity measures such as bid-ask spreads and

trading volume.
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1.4.3.1 Empirical Framework

I add a liquidity measure of corporate bonds to the SVAR-IV and the LP-IV setups described
in the previous section. The two most common liquidity measures are bid-ask spreads and
trading volume. The measures are based on corporate bond transaction data from the
TRACE database. I follow Adrian, Fleming, Shachar, and Vogt (2017) in calculating the
measures. The bid-ask spreads compute average daily bid-ask spreads by month across
bonds. 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. The trading volume computes the average daily trading
volume by month across bonds. Both liquidity measures enter the specification as 100 times
log of them. Because to compute the liquidity measures I use the TRACE database that
exists only after the TRACE was introduced, naturally this section focuses solely on the

post-TRACE period.

1.4.3.2 Results

The more liquid corporate bonds, the narrower the bid-ask spreads, and the larger the
trading volume. In other words, liquidity and the bid-ask spreads are negatively correlated,
while liquidity and the trading volume are positively correlated. For all results, I check
the heteroscedasticity-robust F-statistic 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
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Figure 1.4. 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. Dashed lines are the 95%
confidence interval.

suggested by Stock, Wright, and Yogo (2002). The monetary policy shock considered is a
one-percent increase in the 1-year Treasury constant maturity rate. Figure 1.4 estimates the
response of the bid-ask spreads to a one-percent increase in the nominal policy rate using
SVAR-IV and LP-IV. In both panels, the bid-ask spreads decrease following a one-percent
increase in the nominal policy rate. Figure 1.5 estimates the response of the trading volume
to a one-percent increase in the nominal policy rate using SVAR-IV and LP-IV. In both
panels, the trading volume increases following a one-percent increase in the nominal policy
rate. For both the bid-ask spreads and the trading volume, the responses are not significant
for SVAR-IV, but the responses are highly significant for LP-IV. The results support the
negative liquidity premium channel of monetary policy transmission and are consistent with
the theory that suggests that a one-percent increase in the nominal policy rate increases the

liquidity premium of corporate bonds.
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Figure 1.5. 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. Dashed lines are the 95%
confidence interval.

1.4.3.3 Sensitivity Analysis

This section checks the robustness of the positive response of the liquidity premium to a one-
percent increase in the nominal policy rate, following the checklists from Section 1.4.2.3. I
augment the LP-IV setting with the macroeconomic factors from the FRED-MD database by
McCracken and Ng (2016). The responses of the liquidity measures to a one-percent increase
in the nominal policy rate estimated by factor-augmented LP-IV are given in Figure 1.B.10.
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 estimated using LP-IV. To address the concern
over the 1-year rate hitting the zero lower bound during the Great Recession, I estimate the
response of both the liquidity measures to a one-percent increase in the nominal policy rate
using LP-IV and SVAR-IV with the 2-year Treasury constant maturity rate instead of the

1-year rate. Figure 1.B.11 and 1.B.12 show the response of the bid-ask spreads and the
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trading volume, respectively. Although, as Gertler and Karadi (2015) point out, the 2-year
rate is less relevant with the instrument in the first-stage regression compared to the 1-year
rate and thus suffers the weak instruments problem, all the results are consistent with those
using the 1-year rates. The results also remain the same when using different lag lengths
for the lag length that does not suffer a weak instruments problem (longer than or equal to
10 months for the bid-ask spreads and 7 months for the trading volume). Using alternative

breakpoints does not change the results either.

1.4.4 Bank Loan Rates and Monetary Policy Shocks

This section provides the empirical evidence that an increase in the nominal policy rate raises

real bank loan rates, as opposed to the case of corporate bonds.

1.4.4.1 Empirical Framework

I add the business loan rate to the SVAR-IV and the LP-IV setups described in Section
1.4.2. In particular, the real rate is of my interest and I calculate it as the nominal loan rate
minus the expected inflation rate. The nominal loan rate is the bank business prime loan
rate, and the expected inflation rate is the 5-year forward inflation expectation rate from
the Federal Reserve Economic Data (FRED) from the Federal Reserve Bank of St. Louis.
The expected inflation rate series exists from 2003, so the sample period considered in this

section is the post-TRACE period.
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Figure 1.6. 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. Dashed lines are the 95% confidence interval.

1.4.4.2 Results

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 monetary policy shock considered is a
one-percent increase in the l-year Treasury constant maturity rate. Figure 1.6 estimates
the response of the real loan rate to a one-percent increase in the nominal policy rate using
SVAR-IV and LP-IV. In both panels, following a one-percent increase in the nominal policy

rate, the real bank loan rate increases, and the estimates are significant.

1.4.4.3 Sensitivity Analysis

This section checks the robustness of the positive response of the real bank loan rate to a
one-percent increase in the nominal policy rate, following the checklists from Section 1.4.2.3.

[ augment the LP-IV setting with the macroeconomic factors from the FRED-MD database
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by McCracken and Ng (2016). The response of the real bank loan rate to a one-percent
increase in the nominal policy rate estimated by factor-augmented LP-IV is given in Figure
1.B.13. The results are consistent with those using LP-IV. To address the concern over the
1-year rate hitting the zero lower bound during the Great Recession, I estimate the response
of the real bank loan rate to a one-percent increase in the nominal policy rate using LP-IV
and SVAR-IV with the 2-year Treasury constant maturity rate instead of the 1-year rate.
Although, as Gertler and Karadi (2015) point out, the 2-year rate is less relevant with the
instrument in the first-stage regression compared to the 1-year rate and thus suffers the
weak instruments problem, the results are in Figure 1.B.14 and all are consistent with those
using the 1-year rates. The results also remain the same when using different lag lengths for
the lag length that does not suffer a weak instruments problem (longer than or equal to 6

months). Using alternative breakpoints does not change the results either.

1.5 Effect of Monetary Policy on Credit Composition

In this section, I examine how monetary policy changes induce a shift in the composition of
credit between corporate bonds and loans at the firm level. While previously the measure
A € (0,1) of firms were assumed to finance solely through issuing corporate bonds, now
those firms that have access to the corporate bond market can also try to obtain a loan from
a bank. In addition, a firm meets, or can find, a bank that is willing to give a loan with
probability o € (0, 1), as in Rocheteau, Wright, and Zhang (2018). « can be thought of as a
loan application acceptance rate. This means that, among the measure A of the firms that

have access to the corporate bond market, aA will be able to finance through both issuing
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corporate bonds and obtaining a bank loan. In such case, I assume firms will first decide
how many corporate bonds to issue and then go to the OTC market for bank loans.'® The
other (1 — a)X will not be able to find a bank that is willing to give a loan and thus will
have to finance investment only through issuing corporate bonds. (1 — «)(1 — \) among
the measure 1 — A\ of the firms that do not have access to the corporate bond market will
not be able to borrow from a bank and thus cannot produce any in the first subperiod. To
simplify the presentation, I normalize the measure of consumers to a + (1 — a)A so that all

the consumers match with a firm in bilateral meetings in the DM.

1.5.1 Value Functions

The value functions of suppliers remain the same as before. A bank in the second subperiod
randomly matches with a firm, and there are 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 (k7)) and the terms of
a loan contract between a bank and a firm that can issue corporate bonds by (kZ r?). The

value function of a bank that is willing to give a loan to a firm that cannot issue corporate

bonds is

WE(w) = max ¢+ BWE((1 +ri)EY) st c+k* =w, (1.43)

18The timing of events is important in getting the desired result that firms use both ways of financing
when they have access to both the corporate bond and the bank loan markets. If it is assumed that firms
first go to the OTC market for bank loans and then turn to the corporate bond market, then they will not
issue any corporate bonds. See Appendix 1.A.2 for details.
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and the value function of a bank that is willing to give a loan to a firm that can issue

corporate bonds is

WE(w) = max ¢+ BWE((1 +rP)kP) st. c+ kP =w. (1.44)

The value function of a firm that does not have access to the corporate bond market
and thus has to borrow from a bank to finance investment remains the same as before, as
in (1.7) and (1.8), 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 but could not borrow from a bank
is the same as that of a firm that finances investment solely by issuing corporate bonds, as
in (1.9) and (1.10).

Consider a firm that has access to the corporate bond market and also finds a bank
that is willing to give a loan. The terms of a loan contract are denoted by (k% rf). The
value function in the first subperiod of the firm that issued A amount of corporate bonds at
price ¥ and that obtained k¥ amount of a loan from a bank at a real lending rate r? in the

previous second subperiod is

VEWA+ R A+ (1 +rP)k") = WE@QA+ K — g, p, A+ (14 7)EP), (1.45)

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

WEWA+ kP —q,p, A+ (1 +rP)kP) = max ¢ (1.46)

C

st. c=YA+ kP —qg+p—A— 1+ PP

which simply reduces to W (0 A4k —q, p, A+ (14+rP)kB) = wA+kP —q+p— A— (14+rP)k5.
Using the linearity of W¥, a newborn firm in the second subperiod with a loan contract
(kB rP) decides the amount of corporate bonds to issue by solving

rz}aXﬁVF(wfl + k2 A+ (1 +rP)EP) = max B{(p — q) — (1 — ) A — rPEPY. (1.47)
>0 A>0

A consumer in the DM matches with 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+ (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 + (1 — a)A).
The value function of a consumer who brings m amount of real balances and a amount of

corporate bonds to the DM is

. a(l —N) o
Vc(m, CL) - m [U(QL) - pL] + m [U(q) — p] (148)
* % [u(qp) — pp] + W (i + a).
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1.5.2 Loan Contract

Now there are two types of meetings in the OTC market for loans in the second subperiod:
one between a bank and a firm that does not have access to the corporate bond market,
and the other between a bank and a firm that has 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 the previous environment, and the solution
is given by (1.16) and (1.17).

In the latter meeting, a bank and a firm bargain over the terms of a loan contract,
(kB rB). 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 1. I restrict attention as in
Section 1.3.4 under Assumption 1.1 to the case where the price of the 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 satisfy the consumer’s demand in the DM. The firm’s
continuation value with a loan contract (k% rP) is SVE (YA + kP, A + (1 + rP)kP), and the
firm’s continuation value without a loan contract is SV (1A, A). Thus, the firm’s surplus
is BIVE(WA+EB A+ (1+rP)kB) — VT (A, A)]. Given that firms will not raise funds more
than what they need to satisfy the consumer’s demand, using (1.12), (1.13) and (1.45), this
reduces to [(1—0)(w( A+k")—(p A+k")) = (1—¢) A=r? kP —[(1-0) (w(v A) = A) = (1-1) A]
subject to kP < v=(m+ ya) — 1A, when the firm and the bank believe that a consumer will

carry m amount of real balances and @ amount of corporate bonds to the DM. The bank’s
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surplus is Br¢k as before. The terms of a loan contract specify (kZ rf) that solves

1-n

(1= 0)(u(p A+ kP) — (WA +EKP)) — (1 — ) A — rPkP)

max [wk} !
kB <v=l(m+xa)—yA,re

— (1= 0)(u(pA) —pA) — (1 —)A)
(1.49)

The solution is such that k& maximizes the total surplus, (1 —0)[u(p A+ kP) —u(v A) — k5],

subject to k¥ < v71(m + ya) — ¢ A. The solution is given by

kP = v (M + xa) — P A, (1.50)

u(P A+ kP) —u(yA)

—1]. (1.51)

1.5.3 Bond Supply

From (1.12), (1.13), (1.47), (1.50) and (1.51), at a given price 1, the firm chooses the amount

of corporate bonds to issue, A > 0, to maximize
max (1 —0)[u(v (m +xa)) —v ' (m+ xa)] — (1 —)A — rPkP, (1.52)
which is equivalent to maximizing

max (1 — O)[u(A) — 4] — (1 - ¥)A. (1.53)
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The solution describes the optimal corporate bond issuance decision of the firm, or the supply

of corporate bonds, which is given by

% 1= (1= 0) (W (W A) — 1), (1.54)

and the amount of funds that firms will raise by issuing corporate bonds, ¥ A, is

YA = (u)"! (% + 1) : (1.55)

1.5.4 Composition of Credit

Now I examine the optimal composition of credit between corporate bonds and bank loans
at the firm level. The result in (1.55) shows that a firm wants to issue some amount of
corporate bonds before entering the OTC market for bank loans. The intuition is as follows.
From (1.51), r2 is an increasing function of ©»A. This is because firms with large corporate
bond issuance rely less on bank loans (as can be seen from (1.50) that k” is decreasing in
1 A) and can negotiate for a lower real loan rate (as can be seen from (1.51) that r7 is
decreasing in kP). The benefit of issuing corporate bonds in negotiating for a bank loan is
the first term in (1.53), (1 — 0)[u(xp A) — 1 A], which comes from —rPk? in (1.52). The cost
side of issuing corporate bonds is the second term in (1.53), —(1 — ) A, the liabilities that
the firm needs to pay to the consumers who are holding the corporate bonds. The concave
benefit function and the linear cost function together determine the optimal composition of
credit as in (1.50) and (1.55).

Monetary policy changes affect this composition of credit between corporate bonds
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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
(1.50) that ¥ A + kP equals v=!(m + xa) which in turn is a decreasing function of ¢ from
(1.26). On the other hand, at the same time, as is explained in Section 1.3.5 and Proposition
1.1 says, 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 (1.55) that the left-hand side, 1A, is an increasing function of
which in turn is an increasing function of 7. As a result, with a higher nominal policy rate,
firms borrow less from banks. Therefore, as the nominal policy rate increases, the portion
of corporate bonds among the total credit becomes larger, and that of bank loans becomes

smaller. The following proposition summarizes the discussion.

Proposition 1.2. As the nominal policy rate increases, the size of total credit decreases.
Among the total credit that becomes smaller, firms increase the portion of credit from issuing

corporate bonds and decrease that from bank loans:

WA B
OA+ED) oA oK% Noarm >0 Noarw <0 (1.56)
di o T ol di ! bi '

Becker and Ivashina (2014) provide direct empirical support for this theoretical finding by
showing that firms switch from bank loans to corporate bonds following an increase in the

nominal policy rate.
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1.6 Optimal Monetary Policy

In this section, I study optimal monetary policy for the period, such as the post-TRACE
period, when the liquidity premium channel of monetary policy transmission is dominant in
the response of the bond premium to the nominal policy rate. To simplify the presentation, I
consider the environment described in Section 1.2.'° With the settlement market at the end
of each period, maximizing welfare is equivalent to maximizing the per-period welfare that
equals the sum of the per-period utility of each agent. The per-period utility of suppliers
is 0 due to the CRS technology. The per-period utility of firms that finance investment by
borrowing from a bank is p;, — qr, — 7ok and their total measure is 1 — A\. The per-period
utility of firms that finance investment by issuing corporate bonds is pp — g — (1 — 1) A and
their total measure is A. The per-period utility of banks that lend to a firm is r,k and their
total measure is 1 — A. The per-period utility of consumers is —(1 + m)m — a +m + a +
T+ (1—XNu(qr) — pr] + Mu(gs) — ps|, where T'= mm. The per-period utility of all agents

sums up to

W= (1-MNlulqr) — qr] + Aulgs) — qB]- (1.57)

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.

9Discussing optimal monetary policy in the extended environment described in Section 1.5 requires just
a simple relabeling. Notice from (1.16) and (1.50) that when a firm has the option of financing both through
issuing corporate bonds and borrowing from a bank, such firm will borrow in total from both the corporate
bond and the bank loan markets the same amount as the firm that finances only through bank loans. Relabel
the fraction of the firms that are borrowing from a bank with or without issuing corporate bonds as 1 — )\,
instead of 1 — A. Then, the welfare analysis becomes the exact same as discussed in this section.
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In this economy, however, the Friedman rule—implementing zero nominal policy rate—is
suboptimal. The intuition is as follows. When meeting a firm for trade, agents 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 to trades in the former type of meeting. More precisely, a higher nominal policy rate
increases the price of corporate bonds by increasing their liquidity premium from (1.30);
the higher price of corporate bonds makes issuing corporate bonds cheaper, allowing firms
to raise more funds from (1.21); and firms can produce more goods in trades by bringing a
larger amount of intermediate goods from (1.29) or (1.31). 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 for trades from (1.26); due to
the lower demand, firms will borrow less from banks from (1.16); and a smaller amount of
goods are produced from (1.34). Consider 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 produced 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 produced in the latter type of
meeting. In such case, the welfare loss from the latter type of meeting is only second order,
while the welfare gain from the former type of meeting becomes first order. More precisely,
in OW/0i = (1 —\) - d(ulqr) — qr)/0i + X - O(u(gs) — qp)/0i, the first term represents
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Figure 1.7. Effect of monetary policy on the aggregate outcomes

the welfare loss from the latter type of meeting, and the second term represents the welfare
gain from the former type of meeting because d(u(qr) — qr)/0i < 0 since dqr,/0i < 0 and
because d(u(gp) —qp)/0i > 0 since dqp/0i > 0. However, at the Friedman rule, when i — 0,
O(u(qr) — qr)/0i — 0 because q, — ¢* as ¢ — 0 and u/(¢*) = 1. Therefore, when ¢ — 0,
OW/0i = X-0(u(qp) — qp)/0i > 0. That is, at the Friedman rule, increasing the nominal

policy rate can be welfare improving. The following proposition summarizes the discussion.

Proposition 1.3. A deviation from the Friedman rule is optimal, i.e., the optimal monetary

policy requires © > 0.

55




X1

Welfare
Welfare

Figure 1.8. The corporate bond secondary market liquidity and the distribution of firms
along their ways of financing matters for the optimal policy rate.

Figure 1.7 shows the relationship between the nominal policy rate and the welfare of the
economy, along with other aggregate variables. The main force that drives a positive nominal
policy rate to be optimal is the liquidity premium channel of monetary policy. Therefore,
the stronger the channel, the higher the optimal policy rate. Figure 1.8 provides numerical
examples that support this argument. In particular, the optimal nominal policy rate depends
on the corporate bond secondary market liquidity and the distribution of firms along their
ways of financing. The more liquid the corporate bond secondary market, or the more firms

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

1.7 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 have two options

for external financing: they can issue corporate bonds or obtain bank loans. A theoretical
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novelty of my 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. This is in sharp contrast with the common belief that all rates
in the economy move in the same direction in response to changes in monetary policy. I
highlight the role of asset liquidity in this result and provide empirical evidence. 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 corporate bond liquidity.
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1.A Theory Appendix

1.A.1 Full Characterization of the Equilibrium

This section characterizes the equilibrium beyond the parameter space in Assumption 1.1.
First start with the optimal behavior of a firm that finances investment by issuing corporate
bonds. From (1.10), at a given price v, the firm chooses the amount of corporate bonds to
issue, A > 0, that maximizes (pgp — ¢p) — (1 — ¥) A, which, using (1.12) and (1.13), reduces
to (1 —0)(u(qr) — qg) — (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 1 — ¢ > 0, or ¢» < 1, that is, when borrowing through the
corporate bond market is costly. Assumption 1.2, given below, guarantees that this is the
case. Since the firm will not want to bring more capital to the DM than it needs to produce
the amount of the DM goods that a consumer can afford, v=!(m+ ya), and the maximization
problem becomes

max {(1=0)(u(vA) —pA) — (1 —)A}. (1.58)

0<A<v~! (m+xa)/¢

The solution describes the optimal corporate bond issuance decision of the firm, or the supply

of corporate bonds, and is given by

A =min{v™'(m + xa) /v, A} (1.59)
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where A solves

% 1= (10 (W (A — 1). (1.60)

Now consider the optimal behavior of a consumer who chooses a portfolio of real balances
and corporate bonds. From (1.2), 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
(1.4) and the linearity of W¢ becomes

max { = (1+m)m —Ya+ fm+ Ba+ B(1 = Nlu(aw) = pe] + BAlu(as) — ps] }.  (1:61)

m>0,a>0

When believing that a firm that issues corporate bonds will issue A amount of corporate
bonds and bring A amount of capital to the DM and that a firm that borrows from a
bank will bring k amount of capital to the DM, ¢, = min{v~'(m + ya),k} and ¢5 =
min{v~(m + Xa),wfl}. Depending on the relative size of k, A and v (m + xa), the

maximization problem is:

For m + ya < min{v(k), v(¢A)},

max {—(1+7r)m—¢a+6m+ﬁa+6[u(v_1(m+xa))—v(v_l(m—i—xa))]}, (1.62)

m>0,a20

59



for min{v(k), v(A)} < m+ ya < max{v(k),v(A)}, if pA < k,

max {— (1+7m)m —va+ fm+ Pa+ 5(1 — N) [u(v‘l(m + xa)) — v(v™H(m + Xa))] },

m>0,a>0
(1.63)
and if k < ¥ A,

max {— (L4 m)m — va+ Bm + Ba+ BA[u(v™ (m + xa)) — v(v™" (m + xa))] }, (1.64)

m>0,a>0

and for max{v(k),v(¥A)} < m + xa,

max {— (1+7T)m—wa+5m+5a}. (1.65)

m>0,a>0

I consider an equilibrium where expectations are rational. (1.64) is not a relevant case with
YA < k from (1.16) and (1.59), and (1.65) 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 corporate bonds. The solution to (1.63) satisfies
m + ya = max{v(YA),m + ya} (1.66)

where m + xa solves

1+w:5{1+(1—A)(“/E”l(mix?g - 1)} (1.67)
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which simplify to

i=(1—=XL(m+ xa), (1.68)

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

(1.62) satisfies

m 4 ya = min{v(pA), m + xa} (1.69)

where m + ya solves

1+7=0 {1 + (Z,(U_I(T +xa) _ 1)} (1.70)

which simplify to

i = L(m + xa). (1.71)
For both cases, the price of corporate bonds is given by

= F(1+ xi). (1.72)

Note that m + xa is the amount of liquidity consumers would decide to bring to the
DM when their liquidity position will be on the shorter side of the bargaining only if they

trade with a firm that borrows from a bank, and that m + ya is the amount of liquidity
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consumers would decide to bring to the DM when their liquidity position will always be on
the shorter side of the bargaining whether a firm they meet finances investment by borrowing
from a bank or by issuing corporate bonds. By comparing (1.68) and (1.71), we see that
m + xa < m + xa. There are three cases depending on the relative size of v(¢¥A), m + xa

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

__a-na-ppe

"TIo0+ (1= NBey (1.73)
___(1-pp

ST oy (174)

The first is when i < 7 and v(¢A) < m + xa < m + xa. This is when the price of the
corporate bonds is not high enough for firms to finance investment enough to fully satisfy
the consumer’s demand, m + ya. 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

'QII

liquidity to bring to the DM. The second is when 7 < i <7 and m + ya < v(A) < m + x
This is when the price of the corporate bonds is high enough for firms to finance investment
enough to satisfy m + ya, but not high enough to satisfy m + ya. When this is the case, a
consumer will bring liquidity just enough to be able to purchase 1A amount of the DM goods,
and such amount of liquidity will make the consumer on the shorter side of the bargaining
with both the firms that are borrowing from a bank and the firms that are issuing corporate
bonds. The third case is when 7 < i and m + ya < m + xa < v(¢A), that is, when the
price of the corporate bonds is high enough to satisfy m + ya. In this case, a consumer will
decide the amount of liquidity to bring to the DM with considering both the firms that are

borrowing from a bank and the firms that are issuing corporate bonds at the same margin.
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The firms with access to the corporate bond market will issue corporate bonds just enough
to satisfy m + ya.?°
Now I specify the assumption that ensures ¢ < 1 so that borrowing through the corpo-

rate bond market is costly.

Assumption 1.2. 1 < —— .
Bx

The equilibrium is defined as below.

Definition 1.2. A steady state equilibrium of the economy corresponds to a constant sequence
(qr,qB,m,a, A, ¢, k,re), where qr is the DM goods traded between a consumer and a firm that
finances investment by borrowing from a bank, qg is the DM goods traded between a consumer
and a firm that finances investment by issuing corporate bonds, m is 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 7, is the real lending rate of loans. Under Assumption 1.2, (qr,qB)

satisfy:

Fori <7,

g =v"" (L1 <1 i A)) (1.75)

_ (.1 1_6(1+Xi)
g = (u) <5(1+Xi)<1—9)+1)’ (1.76)

20For each given 4, there are more equilibria other than those described above. The most trivial one is
when no one brings any thinking that everyone else will bring nothing. Although this belief can be consistent
in equilibrium, however, such equilibrium is not Pareto efficient. In this paper, I consider the Pareto efficient
equilibrium for each 1.
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fort<i<1t

~

%:%:Wﬂ(

and forT <1,

(m,a, A, ) satisfy

and (k,r) satisfy

1 — B(1+ xi)

A1+ xi)(1—0)

Y = B(1+ xi),

AZQB/1/17

a

m

=\,

U(QL) - Xa,
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where

o) = (1= 0u()+0-, V() >0, (1.85)

L) =u'( ()W () -1, L'(:) <0. (1.86)

1.A.1.1 Optimal Monetary Policy

Among i < 7, the welfare-maximizing nominal policy rate depends on the relative size of
(1—=X)-0(u(qr) —qr)/0i < 0 and - O(u(g) — qp)/di > 0. When neither A nor y is large,
the latter force is not so large that the welfare-maximizing policy rate satisfying W /0i = 0
exists in the interior. When either A or y 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 7 < 7 <7, 9W/0i > 0 as can be seen from (1.77), that when 7 < i, OW/0i < 0 as can
be seen from (1.78), and therefore that among ¢ > 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 A or y is large, the welfare-maximizing policy
rate will be 7. Figures 1.A.1 and 1.A.2 illustrate these observations. Figures 1.A.3 (for small
A and small x), 1.A.4 (for large A and small x) and 1.A.5 (for small A\ and large x) show
the effect of the nominal policy rate on different variables, including the welfare, the amount
of external financing through bonds and loan, the real balance, the excess 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 bonds that display one kink,
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which corresponds to i = 7 as can be seen from (1.76), (1.77) and (1.78). In all figures, we
can see that the Friedman rule when ¢ — 0 is not optimal. Also, notice that the relationship
between the welfare and the average output is not monotone, due to the heterogeneity in the
effect of the nominal policy rate across the firms using different financing sources. Figure

1.A.6 illustrates this point.

1.A.2 Loan Contract with a Different Timing of Events

There are two types of meetings in the OTC market for loans in the second subperiod: one
between a bank and a firm that does not have access to the corporate bond market, and the
other between a bank and a firm that has access to the corporate bond market and could
issue corporate bonds to finance investment in addition to obtaining a loan from a bank.
The bargaining problem in the former meeting is the same as in the previous environment,
and the solution is given by (1.16) and (1.17).

In the latter meeting, a bank and a firm bargain over the terms of a loan contract,
(kB rP). As before, I restrict attention to the case in which the firm’s capacity is on the
shorter side of the bargaining in the DM if the firm finances investment solely by issuing

corporate bonds. Define A that solves (1.20) at given 1:

(w)! (ﬁ + 1> / 0. (1.87)

If a firm borrows more than ¥ A from a bank, the firm will have no incentive to issue corporate

A

bonds to raise more numeraire. On the other hand, if a firm borrows less than 1A from a

bank, the firm will issue A amount of corporate bonds so that it raises in total YA = ¢ A+kP
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amount of numeraire.

First consider the latter case in which a firm borrows less than ¥A from a bank and
will issue A amount of corporate bonds so that it raises in total 1A = 1A + k® amount of
numeraire. The firm’s continuation value with a loan contract is BV (v A + kB A + (1 +
rPYkP), where A = (YA — kP) /4 so that A + kP = A, The firm’s outside option is
to issue corporate bonds. When the firm could not borrow from a bank, it will issue A
amount of corporate bonds, and the firm’s continuation value without a loan contract will
be SV (A, A). Thus, the firm’s surplus is B[V (YA, A+ (1+rB)kB) = VI (A, A)], which,
using (1.47), reduces to B[(1 —¢)(A — A) — rBkB]. As before, the bank’s surplus is SrZkPB.
The terms of a loan contract specify (k% rZ) that solve

max [(1—¢)(A - A) —rPEP] " [rPEP]". (1.88)

kB<ypArB

Using A = (A — kP) /1, the bargaining problem becomes

max [((1—w)/v —rP)EP] " [rPkP]". (1.89)

kB<ypArp

The solution k® maximizes the total surplus, ((1 — v)/v)k5, subject to k? < A. Under

Assumption 1.1, ¢ < 1 and k® = ¢ A, which means the former case is the relevant one.
Now consider the former case in which a firm borrows more than A from a bank and

has no further incentive to issue corporate bonds. The firm’s continuation value with a loan

contract is SV (kB (1 4+ rB)kP). The firm’s continuation value of issuing corporate bonds

without a loan contract is BVF (A, A). Thus, the firm’s surplus is S[VE (KB, (1 + rB)k5B) —
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VE(pA, A)], which, using (1.12), (1.13) and (1.47), reduces to 8[(1—0)(u(k?)—kP) —rPkB —
(1 —0)(u(pA) —pA) + (1 — )A]. As before, the bank’s surplus is SrZkP. The terms of a

loan contract specify (kP rP) that solve

1-nm
1 —0)(u(k?) = kB) — rPKB
max ( () ) [rlkP]" (1.90)
YA<kB <v—1(m+xa),rB - ‘ 7

— (L= 0)(u(yA) =y A) + (1 —)A

where v~ (1 +xa) is the amount of the DM goods that a consumer can afford when believing
that a consumer will carry m amount of real balances and a amount of corporate bonds to
the DM, and a firm will not want to borrow more than it needs to produce v—!(m + ya)
amount of the DM goods. The solution is such that k” maximizes the total surplus, (1 —
0)(u(kP) — kB) — (1 — 0)(u(ypA) — pA) + (1 — ¥)A, subject to A < kB < v~ (m + xa)
and thus the solution is as in (1.16). Therefore, both the firm that has an outside option in
bargaining and the firm that does not will borrow the same amount of loan from a bank.

The real lending rate, however, will be different between the firm that has an outside
option in bargaining and the firm that does not. The real lending rate for the firm that does
not have access to the corporate bond market is given by (1.17). On the other hand, the
real lending rate for the firm that has access to the corporate bond market is

s _ (1= O)(u(k?) — k%) — (1 = 0)(u(ypA) — A) + (1 = ¢)A]

Tz - kB ;

(1.91)

where kP is given by (1.16).
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Small A Medium A Large A

Figure 1.A.1. Effect of monetary policy on the welfare of the economy for different values

of A. Parameter values: Log utility; 5 = 0.97; A = 0.1 (left), 0.165 (middle), 0.35 (right);
X =015 7=0.8; § = 0.95.

Small y Medium y Large x

Figure 1.A.2. Effect of monetary policy on the welfare of the economy for different values

of x. Parameter values: Log utility; 5 = 0.97; A = 0.1; x = 0.15 (left), 0.25 (middle), 0.35
(right); n = 0.8; 6 = 0.95.
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Figure 1.A.3. Effect of monetary policy, when the fraction of the firms with access to the
corporate bond market is small (small A\) and the corporate bond secondary market is not
so liquid (small x). Parameter values: Log utility; 5 = 0.97; A = 0.1; x = 0.15; n = 0.8;

6 = 0.95.
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Figure 1.A.4. 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 x). Parameter values: Log utility; 5 = 0.97; A = 0.35; x = 0.15; n = 0.8;

6 = 0.95.
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Figure 1.A.5. 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 x). Parameter values: Log utility; 8 = 0.97; A = 0.1; x = 0.35; n = 0.8;

6 = 0.95.
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Figure 1.A.6. 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 x
(the liquidity of the corporate bond secondary market) (left), large A and small x (middle),
and small A and large y (right). For each figure for the welfare, the top line (in bright blue)
plots u(qr) — qr, the bottom line (in bright green) plots u(¢g) — ¢p, and the middle line (in
blue) plots (1 — A\)[u(qr) — qr] + AMu(gs) — gp]. For each figure for the output, the top line
(in bright blue) plots ¢, the bottom line (in bright green) plots ¢p, and the middle line (in
blue) plots (1 —\)qr + Agp. For the parameter values used, refer to the notes in Figure 1.A.3
for small A and small x, Figure 1.A .4 for large A and small y, and Figure 1.A.5 for small A

and large .
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1.B Appendix for Empirical Analysis

1.B.1 Data

For the macro time-series data, I use data from the Federal Reserve Economic Data (FRED)
from the Federal Reserve Bank of St. Louis. The l-year and the 2-year policy rates are
the 1-Year and the 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: All Items in U.S. City Average
(FRED series CPTAUCSL). The expected inflation rate is the 5-Year Forward Inflation Expec-
tation Rate (FRED series TSYIFRM). The excess bond premium is constructed by Gilchrist
and Zakrajsek (2012) and keeps updated by Favara, Gilchrist, Lewis, and Zakrajsek at
https://www.federalreserve.gov/econresdata/notes/feds-notes/2016 /files/ebp_csv.csv. Mon-
etary 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 updated until 2016:12 is from Jarocinski and Karadi (2020).

1.B.2 Additional Figures

Figure 1.A.7 replicates Gertler and Karadi (2015) with unit effect normalization. Figures
1.B.1-1.B.14 are for sensitivity analysis. Figures 1.C.1-1.C.18 show the responses of all
variables, not only the variables of main focus (the excess bond premium (EBP), the bid-ask
spreads, the trading volume, and the real bank loan rate), to a one-percent increase in the

nominal policy rate for all different specifications. For quick references, refer to Table 1.A.1.
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Table 1.A.1. Additional figures

Sample Period Entire Period Pre-TRACE Period Post-TRACE Period
Bid-Ask Trading Loan
Variable of focus EBP EBP EBP Spreads Volume Rate
LP-IV 1.C.1 1.C.2 1.C.3 1.C.10 1.C.13 1.C.16
FALP-IV 1.C4 1.C.5 1.C6 1.C11 1.C14 1.C17
SVAR-IV 1.C.7 1.C.8 1.C9 1.C.12 1.C.15 1.C.18
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Figure 1.A.7. Replication of Gertler and Karadi (2015). Response of the 1-year government
bond rate, industrial production, the consumer price index, and the excess bond premium
to a one-percent increase in the nominal policy rate, estimated using SVAR-IV with unit
effect normalization, during the entire period. Sample period: 1979:7-2012:6. 12-month lags
of the four main variables and 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. Dashed lines are the 95% confidence interval. The first-stage F-statistic
is 22.4, and the heteroscedasticity-robust first-stage F-statistic is 21.
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Figure 1.B.1. 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. Dashed lines are the 95% confidence interval. For
details, refer to the notes in Figure 1.C.4 for the entire period, Figure 1.C.5 for the pre-
TRACE period, and Figure 1.C.6 for the post-TRACE period.
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Figure 1.B.2. 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. 12-month lags of
the four main variables and 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. 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 1.B.3. 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.
12-month lags of the four main variables and the FRED-MD factors and 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. 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 1.B.4. 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 normaliza-
tion. Sample period: 1990:2-2016:12; pre-TRACE period: 1990:2-2003:2; post-TRACE
period: 2003:3-2016:12. 12-month lags of the four main variables (2-year Treasury con-
stant maturity rate, industrial production, inflation rate, and the excess bond premium)
and 4-month lags of the instrument are included. Standard errors are calculated using the
Newey-West heteroskedastic and autocorrelation consistent standard errors. 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 1.B.5. 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. 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 FRED-MD factors and 4-month lags of the instrument are included.
Standard errors are calculated using the Newey-West heteroskedastic and autocorrelation
consistent standard errors. 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 1.B.6. 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 normal-
ization. Sample period: 1990:2-2016:12; pre-TRACE period: 1990:2-2003:2; post-TRACE
period: 2003:3-2016:12. 12-month lags of the four main variables (2-year Treasury constant
maturity rate, industrial production, inflation rate, and the excess bond premium) and 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. 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 1.B.7. 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. 4-month
lags of the four main variables and 2-month lags of the instrument are included. Standard
errors are calculated using the sample variances computed from 1,000 draws from a para-
metric Gaussian bootstrap. 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 1.B.8. 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 normal-
ization, 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.
4-month lags of the four main variables and 2-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. Dashed lines are the 95% confidence interval. The first-stage
F-statistic and the heteroscedasticity-robust first-stage [-statistic are 2.5 and 1.7 for the en-
tire 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 1.B.9. 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 normal-
ization, 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.
4-month lags of the four main variables and 2-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. 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 en-
tire 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 1.B.10. 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. Dashed lines are the 95% confidence interval. For details, refer to the notes in
Figure 1.C.11 for the bid-ask spreads and Figure 1.C.14 for the trading volume.
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Figure 1.B.11. 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. 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 4-month lags of the instrument are included. 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. 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 1.B.12. 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. 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 4-month lags of the instrument are included. 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. 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 1.B.13. 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. Dashed lines are the 95% confidence
interval. For details, refer to the notes in Figure 1.C.17.
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Figure 1.B.14. 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. 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 4-month lags of the instrument
are included. 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. 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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Figure 1.C.1. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using LP-IV with unit effect normalization, during the entire period. Sample
period: 1990:2-2016:12. 12-month lags of the four main variables and 4-month lags of the in-
strument are included. Standard errors are calculated using the Newey-West heteroskedastic
and autocorrelation consistent standard errors. Dashed lines are the 95% confidence interval.
The first-stage F-statistic is 22, and the heteroscedasticity-robust first-stage F-statistic is
14.5.
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Figure 1.C.2. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, and the excess bond premium to a one-percent increase in the nominal
policy rate, estimated using LP-IV with unit effect normalization, during the pre-TRACE
period. Sample period: 1990:2-2003:2. 12-month lags of the four main variables and 4-month
lags of the instrument are included. Standard errors are calculated using the Newey-West
heteroskedastic and autocorrelation consistent standard errors. Dashed lines are the 95%
confidence interval. The first-stage F'-statistic is 15.6, and the heteroscedasticity-robust
first-stage F-statistic is 19.4.
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Figure 1.C.3. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using LP-IV with unit effect normalization, during the post-TRACE period.
Sample period: 2003:3-2016:12. 12-month lags of the four main variables and 4-month
lags of the instrument are included. Standard errors are calculated using the Newey-West
heteroskedastic and autocorrelation consistent standard errors. Dashed lines are the 95%
confidence interval. The first-stage F-statistic is 13.1, and the heteroscedasticity-robust
first-stage F-statistic is 14.7.
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Figure 1.C.4. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
entire period. Sample period: 1990:2-2016:12. 12-month lags of the four main variables and
the FRED-MD factors and 4-month lags of the instrument are included. Standard errors are
calculated using the Newey-West heteroskedastic and autocorrelation consistent standard
errors. Dashed lines are the 95% confidence interval. The first-stage F-statistic is 19.1, and
the heteroscedasticity-robust first-stage F-statistic is 22.3.
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Figure 1.C.5. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
pre-TRACE period. Sample period: 1990:2-2003:2. 12-month lags of the four main variables
and the FRED-MD factors and 4-month lags of the instrument are included. Standard errors
are calculated using the Newey-West heteroskedastic and autocorrelation consistent standard
errors. Dashed lines are the 95% confidence interval. The first-stage F-statistic is 6, and the
heteroscedasticity-robust first-stage F-statistic is 21.4.
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Figure 1.C.6. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
post-TRACE period. Sample period: 2003:3-2016:12. 12-month lags of the four main vari-
ables and the FRED-MD factors and 4-month lags of the instrument are included. Standard
errors are calculated using the Newey-West heteroskedastic and autocorrelation consistent
standard errors. Dashed lines are the 95% confidence interval. The first-stage F-statistic is
10.7, and the heteroscedasticity-robust first-stage [F-statistic is 20.4.
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Figure 1.C.7. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using SVAR-IV with unit effect normalization, during the entire period.
Sample period: 1990:2-2016:12. 12-month lags of the four main variables and 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. Dashed lines are the
95% confidence interval. The first-stage F-statistic is 22, and the heteroscedasticity-robust
first-stage F-statistic is 14.5.
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Figure 1.C.8. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using SVAR-IV with unit effect normalization, during the pre-TRACE pe-
riod. Sample period: 1990:2-2003:2. 12-month lags of the four main variables and 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. Dashed lines are the

95% confidence interval. The first-stage F-statistic is 15.6, and the heteroscedasticity-robust
first-stage F-statistic is 19.4.
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Figure 1.C.9. Response of the 1-year Treasury constant maturity rate, industrial production,
inflation rate, and the excess bond premium to a one-percent increase in the nominal policy
rate, estimated using SVAR-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the four main variables and 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. Dashed lines
are the 95% confidence interval. The first-stage F-statistic is 13.1, and the heteroscedasticity-
robust first-stage F-statistic is 14.7.
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Figure 1.C.10. Response of the 1-year Treasury constant maturity rate, industrial pro-
duction, inflation rate, the excess bond premium, the bid-ask spreads, and the inflation
expectation, estimated using LP-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the six main variables and 4-month
lags of the instrument are included. Standard errors are calculated using the Newey-West
heteroskedastic and autocorrelation consistent standard errors. Dashed lines are the 95%

confidence interval. The first-stage F-statistic is 11.4, and the heteroscedasticity-robust
first-stage F-statistic is 17.5.
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Figure 1.C.11. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the bid-ask spreads, and the inflation expec-
tation, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
post-TRACE period. Sample period: 2003:3-2016:12. 12-month lags of the six main vari-
ables and the FRED-MD factors and 4-month lags of the instrument are included. Standard
errors are calculated using the Newey-West heteroskedastic and autocorrelation consistent
standard errors. Dashed lines are the 95% confidence interval. The first-stage F-statistic is
5.6, and the heteroscedasticity-robust first-stage F-statistic is 25.9.
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Figure 1.C.12. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the bid-ask spreads, and the inflation expec-
tation, estimated using SVAR-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the six main variables and 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. Dashed lines are the

95% confidence interval. The first-stage F-statistic is 11.4, and the heteroscedasticity-robust
first-stage F-statistic is 17.5.
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Figure 1.C.13. Response of the 1-year Treasury constant maturity rate, industrial pro-
duction, inflation rate, the excess bond premium, the trading volume, and the inflation
expectation, estimated using LP-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the six main variables and 4-month
lags of the instrument are included. Standard errors are calculated using the Newey-West
heteroskedastic and autocorrelation consistent standard errors. Dashed lines are the 95%

confidence interval. The first-stage F-statistic is 13.8, and the heteroscedasticity-robust
first-stage F-statistic is 25.9.
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Figure 1.C.14. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the trading volume, and the inflation expec-
tation, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
post-TRACE period. Sample period: 2003:3-2016:12. 12-month lags of the six main vari-
ables and the FRED-MD factors and 4-month lags of the instrument are included. Standard
errors are calculated using the Newey-West heteroskedastic and autocorrelation consistent
standard errors. Dashed lines are the 95% confidence interval. The first-stage F-statistic is
5.5, and the heteroscedasticity-robust first-stage F-statistic is 27.5.
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Figure 1.C.15. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the trading volume, and the inflation expec-
tation, estimated using SVAR-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the six main variables and 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. Dashed lines are the

95% confidence interval. The first-stage F-statistic is 13.8, and the heteroscedasticity-robust
first-stage F-statistic is 25.9.
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Figure 1.C.16. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the real loan rate, and the inflation expecta-
tion, estimated using LP-IV with unit effect normalization, during the post-TRACE period.

Sample period: 2003:3-2016:12.

confidence interval.
first-stage F-statistic is 19.4.

12-month lags of the five main variables and 4-month
lags of the instrument are included. Standard errors are calculated using the Newey-West
heteroskedastic and autocorrelation consistent standard errors. Dashed lines are the 95%
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Figure 1.C.17. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the real loan rate, and the inflation expecta-
tion, estimated using Factor-Augmented LP-IV with unit effect normalization, during the
post-TRACE period. Sample period: 2003:3-2016:12. 12-month lags of the five main vari-
ables and the FRED-MD factors and 4-month lags of the instrument are included. Standard
errors are calculated using the Newey-West heteroskedastic and autocorrelation consistent
standard errors. 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.
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Figure 1.C.18. Response of the 1-year Treasury constant maturity rate, industrial produc-
tion, inflation rate, the excess bond premium, the real loan rate, and the inflation expec-
tation, estimated using SVAR-IV with unit effect normalization, during the post-TRACE
period. Sample period: 2003:3-2016:12. 12-month lags of the five main variables and 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. Dashed lines

are the 95% confidence interval. The first-stage F-statistic is 13.4, and the heteroscedasticity-
robust first-stage F-statistic is 19.4.
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Chapter 2

Asset Safety versus Asset Liquidity
(with Athanasios Geromichalos and

Lucas Herrenbrueck)

2.1 Introduction

Recently, there has been a lot of attention on the role of safe assets and liquid assets in
the macroeconomy. Many economists, both academics and practitioners, seem to believe
that safer assets are also more liquid, and some go a step further by practically using the

» 1

two terms as synonyms or by merging them into the single term “safe and liquid assets”.

However, the terms are not synonyms: Safety refers to the probability that the (issuer of

! The examples are numerous, so for the sake of brevity we highlight just two. From the IMF’s 2012 Global
Financial Stability Report: “Safe assets are a desirable part of a portfolio from an investors perspective, as
they [...] are highly liquid, permitting investors to liquidate positions easily.” And at the 2017 American
Economic Association meeting, one session was titled: “How safe and liquid assets impact monetary and
financial policy”.
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the) asset will pay the promised cash flow, at maturity, and liquidity refers to the ease with
which an investor can sell the asset if needed, before maturity.? Mixing up an asset’s safety
and liquidity is not just semantics; it can lead to false conclusions and misguided policy
recommendations.

For instance, when a credit rating agency characterizes a certain bond as AAA, should
investors think of this as an assessment (only) of its safety or also of its liquidity? And, if
the answer is affirmative, how can one explain the fact that (the virtually default free) AAA
corporate bonds are considered less liquid than their riskier AA counterparts? Moreover,
a recent literature in empirical macro-finance measures the so-called safety premium as the
spreads between AAA and BAA bonds, assuming that these types of bonds are equally
(ihliquid. But if certain assets carry different liquidity premia because they have different
safety characteristics (as indicated by the conventional wisdom and confirmed by our theory),
bonds of “equal liquidity” may be tricky to identify. Finally, policy makers and financial
regulators are often concerned about liquidity in certain assets markets. If safety implies
liquidity, could we just improve safety and let liquidity follow?

These questions reveal that it is essential to carefully study the relationship between
asset safety and asset liquidity, rather than just assume that one implies the other. To do
so, we build a multi-asset model in which an asset’s safety and liquidity are well-defined
and distinct from one another. Treating safety as a primitive, we examine the relationship

between an asset’s safety and its liquidity. We show that the commonly held belief that

2 Although there are economists who adopt slightly different definitions for both of these terms. For
instance, Gorton and Ordonez (2013) emphasize that an important aspect of safe assets is that they are
“information insensitive”. Also, a large number of papers in the New Monetarist literature, assume that
an asset’s liquidity refers to the ease with which that asset can be used to purchase consumption, e.g., by
serving as a means of payment; see Lagos, Rocheteau, and Wright (2017). For a careful comparison of the
various approaches, see the Literature Review (Section 2.1.1).
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“safer assets will be more liquid” is generally justified, but with important exceptions. We
then describe the conditions under which a riskier asset can be more liquid than its safe(r)
counterparts, and use our model to rationalize several safety-liquidity reversals observed in
the data. Finally, we highlight a surprising implication of our model about the effect of an
increase in the supply of safe assets on welfare.

To answer the research question at hand we build a dynamic general-equilibrium model
with two assets, A and B. The concept of asset safety is straightforward in our framework:
asset A is “safe” in the sense that it always pays the promised cash flow, whereas asset B
may default with a certain probability, known to everyone.?> The concept of liquidity is more
involved; specifically, we define an asset’s liquidity as the ease with which an agent can sell
it for cash (if needed). To capture this idea, we employ the monetary model of Lagos and
Wright (2005), extended to incorporate asset trade in over-the-counter (OTC) secondary
asset markets 4 la Duffie, Garleanu, and Pedersen (2005). Another important ingredient
we introduce is an entry decision made by the agents: each asset trades in a distinct OTC
market, and agents choose to visit the market where they expect to find the best terms.
Thus, in our model, an asset’s liquidity depends on the endogenous choice of agents to visit
the secondary market where that asset is traded, not the exogenous characteristics of that
market.

More precisely, after agents make their portfolio decisions, two shocks are realized. The
first is an idiosyncratic shock that determines whether an agent will have a consumption

opportunity in that period, and the second is an aggregate shock that determines whether

3 Modeling asset A as a default-free asset is not necessary for the main results; all one needs is that asset
A is safer than asset B, i.e., that it defaults with a lower probability.
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asset B will default in that period. Since purchasing the consumption good necessitates
the use of a medium of exchange (i.e., money) and carrying money is costly, in equilibrium,
agents who receive a consumption opportunity will visit a secondary market to sell assets and
boost their cash holdings. Hence, assets have indirect liquidity properties (they can be sold
for cash, although they do not serve directly as means of payment), and their equilibrium
price in the primary market will typically contain a liquidity premium, i.e., it will exceed the
fundamental value of holding the asset to maturity.

The first result of the paper is that, other things equal, the safer asset carries a higher
liquidity premium, and that premium is increasing in the default probability of asset B.*
The intuition behind this result is as follows. An agent who turns out to be an asset seller
can only visit one OTC market at a time; since, typically, assets are costly to own due to
the liquidity premium, agents choose to ‘specialize’ ex-ante in asset A or B. Unlike sellers,
who are committed to visit the market of the asset in which they chose to specialize, asset
buyers are free to visit any market they wish, since their money is good to buy any asset. As
a result, in the event of default, all the asset buyers (even those who had chosen to specialize
in asset B) will rush into the market for asset A. Naturally, the ez-post possibility of a
market flooded with buyers (in the event of default) is a powerful force attracting agents
to specialize in asset A ex-ante, as they realize that in this market they will have a high
expected trade probability, if they turn out to be sellers. This is crucial because it is the
sell-probability that affects an asset’s issue price: an agent who buys an asset (in the primary

market) is willing to pay a higher price if she expects that it will be easy to sell that asset

4 This statement adopts the liquidity premium as the measure of an asset’s liquidity. Later in the analysis,
we also consider an alternative measure of liquidity, namely, trade volume, and show that the result is still
valid. That is, we show that trade volume is higher in the secondary market for the safer asset, and that the
difference in trade volumes between markets A and B is increasing in the default probability of asset B.
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down the road. It is mainly through this channel that even a small default probability for
asset B can be magnified into a big endogenous liquidity advantage for asset A, even with
constant returns to scale (CRS) in the OTC matching technology.

So far we have assumed that all parameters other than asset safety are kept equal.
Allowing for differences in asset supplies delivers the second important result of the paper.’®
Even with slight increasing returns to scale (IRS) in OTC matching, demand curves can be
upward sloping, because an asset in large supply is likely to be more liquid. Consequently,
asset B can be more liquid than asset A, despite being less safe, as long as the supply of the
former is large enough compared to the latter.

The intuition is as follows. As we have seen, our model gives rise to an endogenous
channel whereby a safer asset also acquires a liquidity advantage. However, whether this
advantage will materialize also depends on the relative supply of the safe asset. If the supply
of asset A is limited, as more agents choose to specialize in that asset each one of them
will only hold a small amount, and any bilateral meeting in the market for asset A will
generate a small surplus. This effect, which we dub the “dilution effect”, tends to make
an asset in large supply more attractive to agents. Now, with the dilution effect in mind,
consider an increase in the supply of asset B. As the supply rises, more agents are willing
to trade in the secondary market for asset B because of the increase in the expected trading
surplus (conditional on no-default). Generally, asset buyers are more sensitive to this increase

because their entry choice is more ‘elastic’ due to the lack of precommitment. As a result,

5 There are two more parameters held equal in the background: the efficiency of matching in each OTC
market and the bargaining power of buyers versus sellers in each OTC market, often put together under the
umbrella of “OTC market micro-structure”. Since our goal is to develop a theory that links asset safety and
asset liquidity in an unbiased way, we assume that these parameters are always equal in both OTC markets.
This guarantees that any difference in liquidity between the two assets is driven exclusively by differences in
safety and not by exogenous market characteristics.
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the trade probability in market B for sellers increases by far more than that for buyers, and,
as we have highlighted, it is the sell-probability that matters most for the determination
of the issue price. If, to the channel described so far, one adds (even slight) IRS in the
matching technology, the agents’ incentive to coordinate on the market of the asset in high
supply becomes so strong that demand curves can slope upwards, and the less safe asset can
carry the higher liquidity premium.

An interesting fact that has recently drawn the attention of economists is that, in the
U.S., the virtually default-free AAA bonds are less liquid than (the less safe) AA corporate
bonds (see Section 2.4.2.1 for details and empirical evidence). Our model can shed some light
on this puzzling empirical observation. In recent years, regulations introduced to improve
the stability and transparency of the financial system (most prominently, the Dodd-Frank
Act) have made it especially hard for corporations to attain the AAA score. As a result,
the supply of such bonds has fallen dramatically. During the same time, the yield on AA
corporate bonds has been lower than that on AAA bonds, even without controlling for
the risk premium associated with the riskier AA bonds. While it is plausible to attribute
this differential to a higher liquidity premium enjoyed by AA corporate bonds—and this is
precisely what practitioners have claimed—existing models of asset liquidity cannot capture
this stylized fact (for details, see Section 2.1.1). Our ‘indirect liquidity’ approach, coupled
with endogenous market entry, is key for explaining why an asset in limited supply tends to
be illiquid.

This is not the only case where the commonly held belief, “safety and liquidity go
together”, is violated. Christensen and Mirkov (2019) highlight yet another class of bonds—

Swiss Confederation Bonds—that are considered extremely safe, yet not particularly liquid.
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And, vice versa, Beber, Brandt, and Kavajecz (2008) report that Italian government bonds
are among the most liquid, but also the most risky of Euro-area sovereign bonds.

The model also delivers a surprising result regarding welfare. A large body of recent
literature highlights that the supply of safe assets has been scarce, and that increasing this
supply would be beneficial for welfare (see for example Caballero, Farhi, and Gourinchas,
2017). In our model this result is not necessarily true: there exists a region of parameter
values for which welfare is decreasing in the supply of the safe asset. The intuition is as
follows. In our model agents have the opportunity to acquire additional cash by selling
assets in the secondary market. When the safe asset becomes more plentiful, agents expect
that it will be easier to acquire extra cash ez-post and, thus, choose to hold less money ex-
ante. This channel depresses money demand, which, in turn, decreases the values of money

and of the trade that the existing money supply can support.

2.1.1 Literature Review

Our paper is related to the recent “New Monetarist” literature (reviewed by Lagos, Ro-
cheteau, and Wright, 2017) that has highlighted the importance of asset liquidity for the de-
termination of asset prices. See for example Geromichalos, Licari, and Sudrez-Lled6 (2007),
Lagos (2011), Nosal and Rocheteau (2012), Andolfatto, Berentsen, and Waller (2013), and
Hu and Rocheteau (2015). In these papers the liquidity properties of assets are ‘direct’, in the
sense that assets serve as a media of exchange or collateral, thus, helping to facilitate trade
in frictional decentralized markets for goods. In our paper, on the other hand, asset liquidity

is indirect, and it stems from the fact that agents can sell assets for money in secondary asset
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markets. This approach to asset liquidity is not only empirically relevant, but also integrates
the concepts of liquidity adopted by monetary economics and finance (see Geromichalos and
Herrenbrueck, 2016a, for details). The indirect liquidity approach is employed in a number
of recent papers, including Berentsen, Huber, and Marchesiani (2014, 2016), Mattesini and
Nosal (2016), Han (2015), Herrenbrueck and Geromichalos (2017), Herrenbrueck (2019a),
and Madison (2019).

Naturally, our paper is also related to the growing literature that studies the role of safe
assets in the macroeconomy. Examples of such papers include Gorton, Lewellen, and Metrick
(2012), Piazzesi and Schneider (2016), He, Krishnamurthy, and Milbradt (2019), Caballero,
Farhi, and Gourinchas (2017), Gorton (2017). None of these papers study explicitly the
relationship between asset safety and asset liquidity. Also, to the best of our knowledge, our
paper is the only one that highlights the possibility that welfare can be decreasing in the
supply of the safe asset.

Our paper is related to Andolfatto and Martin (2013) who consider a model where a
physical asset, whose expected short-run return is subject to a news shock, can serve as
medium of exchange. The authors show that the non-disclosure of news can enhance the
asset’s property as an exchange medium. As we have already highlighted, the concept of
(indirect) liquidity adopted here is different, and so is the concept of safety.% Here, an asset’s
safety is simply the (ex-ante) probability with which the assets will not pay the promised
cash flow, which, in turn, is a function of the issuer’s credit worthiness. This probability

is public knowledge and can be thought of (or approximated by) a credit rating agency’s

6In fact, the authors of that paper never use the term “safety”. However, the idea that some assets are
more “information sensitive” than others is close to the definition of safety adopted by Gorton and Ordonez
(2013); see footnote 2.
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score. Rocheteau (2011) studies a model where bonds serve as media of exchange alongside
with money. The author shows that if the bond holders (and goods buyers) have private
information about the bond’s return, then money will endogenously arise as more liquid
asset (i.e., a better medium of exchange). Our paper studies the link between asset safety
and liquidity, assuming that the various assets’ safety characteristics are public knowledge,
i.e., we do not have a story of private information.

Our paper is also related to Lagos (2010), who considers a model where bonds, whose
return is deterministic, and stocks, whose return is stochastic, compete as media of exchange.
The author quantitatively demonstrates that the equity premium puzzle can be explained
through a liquidity differential between the safe and the risky asset. Jacquet (2021) employs
a similar model, but includes a larger variety of asset classes and ex-ante heterogeneous
agents. The author shows that the equilibrium displays a “class structure” in the sense
that agents with different liquidity needs will only be willing to hold assets of a certain risk
structure. Our paper differs from the aforementioned papers, not only because it employs a
different model of liquidity, but also because it predicts that an asset in large(r) supply may
carry a higher liquidity premium. This result cannot be obtained in Lagos (2010), or other
related papers, as in these papers the asset demand curve is typically decreasing. Thus, our
model of indirect liquidity and endogenous market entry has the unique ability to rationalize
why assets in limited supply can be highly illiquid, even when they enjoy a high credit rating
(e.g., AAA corporate bonds in the U.S.).

He and Milbradt (2014) study a one-asset model where defaultable corporate bonds are
traded in an OTC secondary market, and show that the inverse bid-ask spread, which is

their proxy for bond liquidity, is positively related with credit ratings. However, in their
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model the probability of trade between agents is exogenous. We define liquidity as the ease
with which an investor can sell her assets, if needed. We build a two-asset (easily extended
to an N-asset) model, where the probability of selling an asset depends on the endogenous
decision of agents to visit the various asset markets, which, in turn, is a function of each
asset’s safety characteristics. Also, He and Milbradt (2014) employ the model of Duffie,
Garleanu, and Pedersen (2005) where assets are indivisible, i.e., agents can hold either 0 or
1 units of the asset. Our model also incorporates OTC secondary asset trade a la Duffie,
Garleanu, and Pedersen (2005), but does so within the monetary model of Lagos and Wright
(2005), which allows us to study perfectly divisible asset supplies, and opens up a number
of new insights. Such insights include the possibility of upward-sloping demand curves, the
possibility that a riskier asset can be more liquid in general equilibrium, and the fact that
welfare can be decreasing in the supply of safe assets.

In related empirical work, Krishnamurthy and Vissing-Jorgensen (2012) clearly distin-
guish between asset safety and liquidity, and extract safety and liquidity premia from the
data to explain why Treasury yields have been decreasing. Their model identifies the safety
premium through the spreads between AAA and BAA bonds, assuming that both of these
types of bonds are equally illiquid. The present paper demonstrates that certain assets may
carry different liquidity premia precisely because they are characterized by different default
risks. This, in turn, highlights that we need more theory that studies the relationship be-
tween asset safety and liquidity, and we view the present paper as a part of this important

agenda.
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2.2 The Model

We start with the description of the physical environment. Section 2.2.1 contains a discussion
of some key modeling choices.

Our model is a hybrid of Lagos and Wright (2005) (henceforth, LW) and Duffie, Garleanu,
and Pedersen (2005). Time is discrete and continues forever. Each period is divided into
three subperiods, characterized by different types of trade (for an illustration, see Figures
2.C.1-2.C.2 below). In the first subperiod, agents trade in OTC secondary asset markets. In
the second subperiod, they trade in a decentralized goods market (DM). Finally, in the third
subperiod, agents trade in a centralized market (CM). The CM is the typical settlement
market of LW, where agents settle their old portfolios and choose new ones. The DM is a
decentralized market characterized by anonymity and imperfect commitment, where agents
meet bilaterally and trade a special good. These frictions make a medium of exchange nec-
essary, and we assume that only money can serve this role. The OTC markets allow agents
with different liquidity needs to rebalance their portfolio by selling assets for money.

Agents live forever and discount future between periods, but not subperiods, at rate
B € (0,1). There are two types of agents, consumers and producers, distinguished by their
roles in the DM. The measure of each type is normalized to the unit. Consumers consume in
the DM and the CM and supply labor in the CM; producers produce in the DM and consume
and supply labor in the CM. All agents have access to a technology that transforms one unit
of labor in the CM into one unit of the CM good, which is also the numeraire. The preferences
of consumers and producers within a period are given by U(X, H,q) = X — H + u(q) and

V(X,H,q) = X — H — g, respectively, where X denotes consumption of CM goods, H is
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labor supply in the CM, and ¢ stands for DM goods produced and consumed. We assume
that u is twice continuously differentiable, with u' > 0, v/(0) = oo, u/(c0) = 0, and uv” < 0.
The term ¢* denotes the first-best level of trade in the DM, i.e., it satisfies v/(¢*) = 1. All
goods are perishable between periods.

Notice that in this model the agents dubbed “producers” will never choose to hold
any assets, as long as these assets are priced at a premium for their liquidity. The reason is
simple; a producer’s identity is permanent, so why would she ever pay this premium when she
knows that she will never have a liquidity need (in the DM)? As a result, all the interesting
portfolio choices in this model are made by the “consumers”. Thus, henceforth, we will refer
to the “consumers” simply as “agents”. When we use the terms “buyer” and “seller”, it will
be exclusively to characterize the role of these agents in the secondary asset market. We
now describe all the assets available in this economy.

There is a perfectly divisible object called fiat money that can be purchased in the CM
at the price ¢ in terms of CM goods. The supply of money is controlled by a monetary
authority, and follows the rule M, = (14 p)M,, with > f — 1. New money is introduced
if © > 0, or withdrawn if p < 0, via lump-sum transfers in the CM. Money has no intrinsic
value, but it possesses all the properties that make it an acceptable medium of exchange in
the DM, e.g., it is portable, storable, and recognizable by everyone in the economy. Using
the Fisher equation, we summarize the money growth rate by ¢« = (1 + p + 8)/3; the rate i
will be a useful benchmark as the yield on a completely illiquid asset. (Thus, i should not be
thought of as representing the yield on T-bills; see Geromichalos and Herrenbrueck (2017)
for a discussion, and Herrenbrueck (2019b) for evidence.)

There are also two types of assets, asset A and asset B. These are one-period, nominal
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bonds with a face value of one dollar; their supply is exogenous and denoted by S4 and Sp,
respectively. Asset j can be purchased at price p;, j = {A, B}, in the CM, which we think
of as the primary market. After leaving the CM agents receive an idiosyncratic consumption
shock (discussed below) and may trade these assets (before maturity) in a secondary OTC
market. Each asset j trades in a distinct secondary market, which we dub OTC;, j = {4, B}.
To make things tractable, we assume that agents can only hold either asset A or asset B,
and can visit only one OTC market per period.” Thus, we say they “specialize” in holding
asset A or B. However, agents are free to choose any quantity of money and the asset of
their choice.

The economy is characterized by two shocks, both of which are revealed after the CM
closes and before the OTC round of trade opens. The first is an aggregate shock that deter-
mines whether asset B will default or not in that period. More precisely, with probability 7
each unit of asset B pays the promised dollar, but with probability 1 — 7, asset B defaults
and pays nothing. Throughout the paper we assume that asset A is a perfectly safe and
default-free asset.® This aggregate default shock is 4id across time.

The second shock is an idiosyncratic consumption shock that determines whether an
agent will have an opportunity/desire to consume in the forthcoming DM. We assume that
a fraction ¢ < 1 of agents will obtain such an opportunity and the rest will not. Thus, a
measure £ of agents will be of type C (“Consuming”), and a measure 1 — ¢ of agents will be

of type N (“Not consuming”). This shock is iid across agents and time. Since the various

" See Section 2.2.1 for a detailed discussion of this modeling choice.

8 Our results are robust to different model specifications. For instance, modeling asset A as a default-free
asset is done for simplicity and because many real-world assets characterized as AAA are virtually default
free. However, all one needs is that asset A defaults with a lower probability than asset B. Similarly, when
asset B defaults, it defaults completely. Qualitatively, our results would not change if we assumed that the
default is partial; i.e., at default, asset B pays only x < 100 cents on the dollar.
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types are realized after agents have made their portfolio choices in the CM, N-types will
typically hold some cash that they do not need in the current period, and C-types may find
themselves short of cash, since carrying money is costly. Placing the OTC round of trade
after the CM but before the DM allows agents to reallocate money into the hands of the
agents who need it most, i.e., the C-types.?

As we have discussed, agents can only trade in one OTC market per period, and they
will choose to trade in the market where they expect to find the best terms. Suppose that a
measure C; of C-types and a measure INV; of N-types have chosen to trade in the market for
asset j = {A, B} (of course, these measures will be determined endogenously). Then, the
matching technology

CiN;

f(C, N;) = (Cj+Nj

) (N, pe o1, (2.1

determines the measure of successful matches in OTC;. The suggested matching function
satisfies f(C, N) < min{C, N}, and is useful because it admits both constant and increasing
returns to scale (CRS and IRS, respectively) as subcases: when p = 0, the matching technol-
ogy features CRS, while p > 0 implies IRS. Within each successful match the buyer and seller
split the available surplus based on proportional bargaining (Kalai, 1977), with 8 € (0,1)
denoting the seller’s (C-type’s) bargaining power.!Y Notice that the matching technology

and the bargaining protocol are identical in both OTC markets. This guarantees that any

9The first paper to incorporate this idea into the LW framework is Berentsen, Camera, and Waller
(2007), but there the reallocation of money takes place through a competitive banking system.

10 The proportional bargaining solution of Kalai (1977) has important advantages over Nash bargaining
(Nash Jr, 1950). First, it is significantly more tractable. Second, in recent work, Rocheteau, Hu, Lebeau,
and In (2018) solve a sophisticated model of bargaining with strategic foundations, and find that, under
fairly general conditions, their solution converges to the proportional one.
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differences in liquidity between assets A and B will be driven by differences in safety, and
not by exogenous market characteristics (see footnotes 5 and 11).

Since all the action of the model takes place in the CM and, more importantly, the
OTC markets, we wish to keep the DM as simple as possible. To that end, we assume that
all C-type consumers match with a producer, and they make a take-it-or-leave-it offer (i.e.,
C-type consumers grasp all the surplus in the DM).

Figures 2.C.1 and 2.C.2 summarize the timing of events and the important economic
actions of the model. A few details are worth emphasizing. First notice that agents who
turn out to be C-types are committed to visit the OTC market of the asset they chose to
specialize in. (One cannot sell asset B in OTC,4.) However, this is not true for N-types:
an agent who turns out to be an N-type can visit either OTC market, because her money
s good to buy any type of assets. This has an important consequence. In the default state
(see Figure 2.C.2), OTCp will shut down so all N-types will rush into OTC,4. And what
about the agents who specialized in asset B and turned out to be C-types? Unfortunately,
they must proceed to the DM only with the money that they carried from the CM. But it
is important to remember that agents are aware of this possibility and may choose to hold
asset B anyway. Part of what makes this choice optimal is that they may pay a low(er) price

for asset B and choose to carry more money as a precaution.

2.2.1 Discussion of Modeling Choices

Since this is one of the first monetary models to incorporate multiple OTC markets and

non-trivial entry decisions into these markets, some modeling choices deserve further expla-
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Figure 2.C.1. Timeline when both assets pay out
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Figure 2.C.2. Timeline when asset B defaults
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nation.!

First, we assume that the two OTC markets are segmented. This is certainly a realistic
assumption: Treasuries and municipal (or corporate) bonds do trade in secondary markets
that are completely distinct. A second assumption worth discussing is that agents can only
hold either asset A or asset B, and can visit only one OTC market per period. This implies
some loss of generality but not too much. As shown in Geromichalos and Herrenbrueck
(2016b) for the case where both assets are safe, specialization is actually a result which
follows from the fact that agents can only visit one OTC market per period. Here, full
specialization will still be the endogenous outcome if the supply of asset A is not too large
and/or asset B does not default with a very high probability.'?

Assuming, effectively, that agents can visit only one market per period is not meant to
be taken literally. Following the recent literature in finance, we model the secondary asset
markets as OTC markets characterized by search and matching. To that end, we employ
a standard matching function, described by equation (2.1), which is meant to capture the
idea that a seller (buyer) is more likely to trade in a market with many buyers (sellers), and,
importantly, she will prefer to visit such a market. If agents could (and did) visit both OTC
markets, then both markets would have the same number of participants (all agents would
just go to both markets), market entry would become trivial, and so would asset liquidity.
Our assumption generates a rich yet tractable environment, where sellers’ market entry de-

cisions are driven by their belief about buyers’ entry decisions, and vice versa, giving rise to

1 Geromichalos and Herrenbrueck (2016b) also consider a model with two OTC markets and agents
choosing which market to visit, but in that paper all assets have the same risk characteristics. (What is
different is the matching technology in each market.) Hence, one of the two key ingredients of the present
model—asset payout risk—is absent from that paper.

12 Otherwise, there may be partial specialization where some agents only hold asset A, and other agents
hold B but also small amounts of A which they plan to sell in case B defaults.
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a number of interesting and empirically relevant results, described in Section 2.3.5. In sum,
the assumption under consideration is a stark way to capture the idea that, even if some
investors could visit multiple markets, they will visit the market where they expect to find

better trading conditions more frequently.

2.3 Analysis of the Model

2.3.1 Summary of Value Functions and Bargaining Solutions

In order to streamline the analysis, we relegate the derivations of the value functions and the
solutions of the various bargaining problems to Appendix 2.A.1-2.A.2. Here is a summary
of the main results. As is standard in models that build on LW, all agents have linear value
functions in the CM, a result that follows from the (quasi) linear preferences. This makes
the bargaining solution in the DM easy to characterize. Consider a DM meeting between
a producer and a C-type agent who carries m units of money, and define m* = ¢*/p as
the amount of money that (given the price ¢) allows the agent to purchase the first-best

*

quantity, ¢*. Then, either m > m*, and the buyer can purchase ¢*, or m < m*, and she
spends all of her money to purchase the amount ¢ = pm < ¢*.

Next, consider a meeting in OTC;, j = {A, B}, where the N-type brings a quantity m
of money, and the C-type brings a portfolio (m,d;) of money and asset j. Since money is
costly to carry, in equilibrium we will have m < m*, and the C-type will want to acquire

the amount of money that she is missing in order to reach m*, namely, m* — m. Whether

she will be able to acquire that amount of money depends on her asset holdings. If her asset

126



holdings are enough (of course, how much is “enough” depends on the bargaining power ),
then she will acquire exactly m* — m units of money. If not, then she will give up all her
assets to obtain an amount of money &(m, d;) < m* —m, which is increasing in d; (the more
assets she has, the more money she can acquire) and decreasing in m (the more money she
carries, the less she needs to acquire through OTC trade). This last case, where assets are
scarce, is especially interesting, because it is precisely then that having a few more assets
would have allowed the agent to alleviate the binding cash constraint, which is why an asset
price will carry a liquidity premium.'® A take-away point of this discussion is that the OTC

terms of trade depend only on the C-type’s portfolio.

2.3.2 Matching Probabilities

Next, consider the matching probabilities in each OTC market. Let ec € [0, 1] be the fraction
of C-type agents who specialize in asset A and are thus committed to trading in OTC4, no
matter the eventual aggregate state. And let e, € [0, 1] be the fraction of N-type agents
who enter OTC, in state s, where s = {n,d} denotes the aggregate state (n for “normal”
and d for “default”). Then, in state s, el is the measure of C-types and e (1 — /) is the
measure of N-types who enter OTC,4. Similarly, (1 — ec¢)? is the measure of C-types and
(1 —ex)(1—2¢) is the measure of N-types who enter OTCp. Letting of; denote the matching

probability of an i-type who enters OTC; in state s, we have:

13 This discussion assumes that m + 7 > m*, i.e., that the money holdings of the C-type and the N-
type pulled together is enough to allow the C-type to purchase the first best quantity ¢*. Allowing for
m+m < m* adds many complications to the model without offering any valuable insights (see Geromichalos
and Herrenbrueck, 2016a). Therefore, in what follows, we will assume that we are always in the region where
m +m > m*. This condition will be always satisfied as long as inflation is not too large, so that all agents
carry at least half of the first-best amount of money.

127



flect, en(1 = 0)] n _ Sl —ec)t,(1 —ep)(1 = 0]

no_ )
Y04 = ect ’ “cB = (1 —ec)l ’
o Stk 0-0] IO el (- )1~ 0)
METg0-g 0 T T a0
i = Tleatiex(1 = 0)] ot = F0 =€)l (1 —ef)(1 0]
cA= eC€ ’ cB = (1 — 60)6 ’
0 _flectek-0] 0 —e)t (1 —ed)(1 )
M- e (1—ef)(1=0) ’

2.3.3 Optimal Portfolio Choice

As is standard in models that build on LW, all agents choose their optimal portfolio in the
CM independently of their trading histories in previous markets. In our model, in addition
to choosing an optimal portfolio of money and assets, (1, d A, d B), agents also choose which
OTC market they will enter in order to sell or buy assets, once the shocks have been realized.
The agent’s choice can be analyzed with an objective function, J(rn, d A, d B), which we derive

in Appendix 2.A.3 and reproduce here for convenience:
J(in, da,dp) = — (i + pada + ppdp) + @i + da + 7dp)
+ ﬁﬁ(u(@fn) — ¢m + mmax{ag ,Sca, atpSce} + (1 — W)OédC«ASCA),

where S¢; is the surplus of an agent who turns out to be a C-type and trades in OTC;:

A

Scj = u(@(m + &1, d;))) — u(imn) — ox; (1, d;).

In the above expression, {; stands for the amount of money that the agent can acquire by
selling assets, and x; stands for the amount of assets sold in OTC;, j = {4, B}.

The interpretation of J is straightforward. The first term is the cost of choosing the
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portfolio (mn, da, ciB). This portfolio yields the expected payout ¢(m + ds+ miB) in next
period’s CM (the second term of .J). The portfolio also offers certain liquidity benefits, but
these will only be relevant if the agent turns out to be a C-type; thus, the term in the
second line of J is multiplied by ¢. The C-type can enjoy at least u(¢pm) — ¢ just with
the money that she brought from the CM. Furthermore, she can enjoy an additional benefit
by selling assets for cash in the secondary market. How large this benefit is depends on the
market choice of the agent (the term inside the max operator) and on the realization of the
aggregate shock: if asset B defaults, an event that happens with probability 1 —m, a C-type
who specialized in that asset has no benefit. A default of asset B is not the only reason why
the C-type may not trade in the OTC markets; it may just be that she did not match with
a trading partner. This is why the various surplus terms S¢; are multiplied by the a-terms,

i.e., the matching probabilities described in the previous section.*

2.3.4 Equilibrium

We focus on steady-state equilibria. Before we move on to characterizing possible equilibria,
we first need to understand their structure. We have twelve endogenous variables to be
determined in equilibrium (not including the terms of trade in the OTCs):

e cquilibrium prices: , pa, pn

e equilibrium real balances: z4, zp

e equilibrium entry choices: eq (= ep = el

14 There are two reasons why the objective function does not contain any term that represents the event
in which the agent is an N-type. First, and most obviously, N-types are defined as the agents who do not
get to consume in the DM. Second, the OTC terms of trade, x and &, depend only on the portfolio of the
C-type. An intuitive explanation was presented in Section 2.3.1. For the details, see Appendix 2.A.2.2.
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e equilibrium DM production: goa(= gy = qda), a(= ¢ = ¢2s),

qB(= 95 = qu)7 nB(= ¢7'p)

In this list of equilibrium variables, the asset prices are obvious, and z;, j = {4, B},
is simply the real balances held by the typical agent who chooses to specialize in asset j.
The remaining terms deserve some discussion. First, notice that the fraction of C-types who
enter OTC g4, e, does not depend on the aggregate state s = {n,d}. This is because C-types
are committed to visiting the OTC market of the asset they chose to specialize in (and this
choice is effectively made before the realization of the shock).

Regarding the DM production terms ¢y, ¥ = {0, 1} indicates whether the C-type did
(k =1) or did not (k = 0) trade in the preceding OTC market, and j = {A, B} indicates
the asset in which she specializes. For example, g4 is the amount of DM good purchased by
an agent who specialized in asset A and did not match in OTC4, and so on. These terms
do not depend on the aggregate state s = {n,d}. To see why, notice that gy4 depends only
on the amount of real balances that the agent carried from the CM (this agent did not trade
in the OTC), and that choice was made before s was realized. The same reasoning applies
to qog. How about the term ¢;4?*® This term depends on the real balances that the agent
carried from the CM (which, we just argued, is independent of the shock realization), and
on the amount of assets that this agent carries from the CM (see Section 2.3.1). How many
asset does this agent carry? The answer is S4/eq: the exogenous asset supply, Sa, divided
by the measure of agents who specialize on asset A. Since S, is a parameter, and e, is
independent of the state s, the same will be true for the term 4.

To simplify the exposition of the equilibrium analysis, we now establish that the variables

15 Notice that the term ¢ is left undefined, since OTC g shuts down in the default state.
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{24,28,0,p4,p5} follow immediately from {qo4,q14,q8, 715, ¢c, %} (and €% is always equal
to 1). First, since the C-types have all the bargaining power in the DM, the equilibrium real

balances satisfy

ZA = qoA, 2B = Q0B- (2.2)

Second, the equilibrium price of money solves the money market clearing condition:

oM = ecqoa + (1 — ec)qop- (2.3)

Third, the equilibrium asset prices solve the following asset demand equations (reproduced

from (2.23) in Appendix 2.A.4):

pai= s (1 s (et (= mat) e =) (2a)
B =7 —11—2 (7r - Ewe(qlB)Wa’(}B(u/(mB) — 1)) , (2.5)

where:

we(q) = 0+ (1 —0)u'(q) > 1.

Next, we study the determination of {qoa, q14, QoB, ¢15; €c €X'}, keeping in mind that all

other variables follow easily once these “core” variables have been determined.
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2.3.4.1 Core Variable Equilibrium Conditions

To determine the six core variables we have six equilibrium conditions. First, we have two

money demand equations for agents who specialize in asset A and B:'6

i = 0(1=0(mat, + (1= mat,) ) (W (goa) — 1)

+ E@ZZEZE; (W@%A + (1 - 77)04‘&) (v'(qra) — 1), (2.6)
i = 01— Ol (o (gow) — 1) + 0228 om0t (gy) — 1) 2.7)

wo(q1B)
Next, we have the trading protocol in OTC;, j = {A, B}, that links go; and ¢y;:

1A = min{q*, QoA + 905,4} , pda = Z(gA),

QB = min{q*, qoB + 9053} , pdp = Z(EB),

where:

(&) = (1= 0) (ulp(m + ) — u(pm) ) + b€,

.
SA/ec, if ec >0,
dy =
0, otherwise,
\
(
SB/(l — 60), if ec < 1,
dp =
0, otherwise.
\

16 The details of this derivation can be found in Appendix 2.A.5. What is important to remember here is
that agents who choose to specialize in different assets will typically carry different amounts of money. Not
surprisingly, agents who choose to carry the less safe asset B self-insure against the probability of default
(and the shutting down of OTCp) by carrying more money.
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The equations for d4, dg can be interpreted as asset market clearing with ‘free disposal’: we
require agents to choose either asset A or B to specialize in, so it is possible that everyone
chooses the same asset. In that case, demand for the other asset is zero. If demand for an
asset is positive, the market for that asset clears with equality.

The other equations also have intuitive interpretations. They state that if the agent’s
asset holdings are large, then ¢;; = ¢*, because the agent will acquire (through selling assets)
the money necessary to purchase the first-best quantity, and no more. On the other hand, if
the agent’s asset holdings are scarce, she will give up all her assets and purchase an amount
of DM good equal to gp; (the amount she could have purchased without any OTC trade)
plus cpéj (the additional amount she can now afford by selling assets for extra cash). The
terms d; represent the amount of assets held by the typical agent who specializes in asset j.
With some additional work, we can re-write the OTC bargaining protocols in a form that

involves only core equilibrium variables (and parameters):

r 5S4 ecfoa + (61 —ec)los (1—6) <u(CI1A) - u(qu)>
c

: . M
1A = MmNy G, goa + 7 , (2.8)

1 —
5B ecoa + (1—ec)qn —(1-10) (u(qw) - u(qoB))
¢ip = MmNy ¢, goB + 0 ' 29

Our last two equilibrium conditions come from the optimal OTC market entry decisions
of agents. An important remark is that the OTC surplus of N-types does not depend on
their portfolios (see Section 2.3.1 or 2.A.2.2), whereas the OTC surplus of C-types does

depend on their portfolios. Hence, in making their entry decisions, C-types consider not
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only the expected surplus of entering in either market, as is the case for N-types, but also
the cost associated with each entry decision. Another way of stating this is to say that
ec is determined ez-ante and represents the decision to specialize in asset A, while e} is
determined ex-post and represents the fraction of N-types who enter OTC,4 in the normal

state. Therefore, the optimal entry of C-types is characterized by:

L, Sca > Son
eo = 3 0, SCA < SCB (2'10)

€ 0,1, Sea=Scs,

\

where:
Soa=—itoa = (1 +i)pa = 1) ((1 = O)(ul@a) = ulgon)) + Ola1a — a01))
+ Uulann) = qoa) + £(als + (1 = )by ) Sea
Sca = 9<U(Q1A) —u(qoa) — qra + QOA>>
and:

Sep = —iqp — (1+1i)pp —m) <(1 —0)(u(q1) — u(qo)) + 0(q1B — %B))
+ U(u(qoB) — qoB) + {matgSe,

Scp = 9<U(CI1B) —u(qoB) — 1B + QOB>-
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The optimal entry of N-types is simpler, and characterized by:

1, ()Z?]]\[ASNA > a?VBSNB

er]i] = 0, OZ%ASNA < O-/?VBSNB (211)

\ < [0, 1], OJR;ASNA = Oé?\[BSNB s

in the normal state, where:

Sna=(1-10) (U(Q1A) —u(qoa) — q1a + CIOA>>

Sng=(1-10) (U(ChB) —u(qoB) — 1 + QOB>7
and by:

J 1, ec >0
el = (2.12)

S [071]a GC:Oa
in the default state.

We can now define the steady-state equilibrium of the model.

Definition 2.1. For given asset supplies {A, B}, the steady-state equilibrium for the core
variables of the model consists of the equilibrium quantities and entry choices, {qoa, ¢14, QoB,
@B, o, €}, such that (2.6), (2.7), (2.8), (2.9), (2.10) and (2.11) hold. The equilibrium
real balances, {za, zp}, satisfy (2.2), the equilibrium price of money, p, solves (2.3), and the

equilibrium asset prices, {pa, pg}, solve (2.4) and (2.5).
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2.3.5 Equilibrium Market Entry

In this section we analyze the optimal entry decision of agents, which is a key channel in our
model. More precisely, we want to study the best response of the representative C-type, who
takes as given e, (the proportion of other C-types who enter market A), and the associated
optimal entry decision of N-types (in the normal state), ey (er). This task becomes easier
by recognizing that there are three opposing forces at work. We dub them the congestion
effect, the coordination effect, and the dilution effect.

The congestion effect means that a high e, will discourage the representative C-type
from going to market A because it implies a low matching probability. However, a high e
also means that many N-types are attracted to market A, i.e., a high e}, and a high e} is
a force that encourages the representative C-type to visit OTC,4. This is the coordination
effect, which may completely or more than completely offset congestion. A more subtle
force is the dilution effect. When e, is high, many agents specialize in asset A, and each
one of them carries a small fraction of the (fixed) asset supply. As a result, the surplus
generated in a meeting in OTC 4 will be small. This is yet another force that discourages the
representative C-type from entering market A when e is high, because that agent forecasts
that few N-types will be attracted to that market.

Moving to the formal analysis, we construct equilibria as fixed points of ec. To be
specific: first, we fix a level of ec; then we solve for the optimal portfolio choices through

equations (2.6)-(2.9) and (2.11); and finally, we define the C-types’ best response function:

Glec) = Soa — Sos,
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where the surplus terms have the optimal choices substituted. This function measures the
relative benefit to an individual C-type from specializing in asset A over asset B, assuming
a proportion ec of all other C-type agents specialize in A, and all other decisions (portfolios
and entry of N-types) are conditionally optimal. We say that a value of ec is part of an
“Interior” equilibrium if ec € (0,1) and G(ec) = 0, or a “corner” equilibrium if ec = 0 and

G(0) <0orec=1and G(1) > 0.

Proposition 2.1. The following types of equilibria exist, and have these properties:

(a) There exists a corner equilibrium where e = 0, e = e = 0.

(b) There exists a corner equilibrium where e, = 1, ey = e4 = 1.

(c) Assume p =0 (CRS) and asset supplies are low enough so that assets are scarce in OTC
trade. Then, lim, 0 G(eg) > 0 > G(0); the equilibrium at the B-corner is not robust
to small trembles.

(d) Assume p = 0 (CRS) and asset supplies are low enough so that assets are scarce in
OTC trade. Then, lim._ 1 G(eg) < G(1). If 7 — 1, then the limit is negative, and the
equilibrium at the A-corner is not robust, either.

(e) Assume p =0 (CRS), m — 1, and asset supplies are low enough so that assets are scarce
in OTC trade. Then, there exists at least one interior equilibrium which is robust.

(f) Given p >0 (IRS), lim,_ 0. G(eq) # G(0).

(9) Given p > 0 (IRS), lim._ 1 G(eg) = G(1) > 0; the equilibrium at the A-corner is

robust.

Proof. See Appendix 2.A.7.1. O

Figures 2.C.3 and 2.C.4 illustrate these results; the former for the case of CRS, and
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Figure 2.C.3. C-types’ incentive to deviate and N-types’ optimal entry choice, given e, for
the case of CRS. The figure depicts the function G(e,) = Sca — Scp (left panel) and the
optimal response of N-types, e} (right panel), as functions of aggregate e, assuming CRS
in matching (p = 0). Equilibrium entry is illustrated for three levels of asset supply Sa,
keeping the supply of asset B constant. Here, 7 = 0.95.

the latter for the case of IRS. The left panel of each figure depicts the individual C-type’s
best response function, G(ec). Since this function depends not only on the behavior of
fellow C-types, but also on that of N-types, on the right panel of each figure we show the
optimal entry choice of N-types, e (e.), as a function of ec. The figures also illustrate how
equilibrium entry is affected by changes in the supply of asset A, keeping the supply of asset
B constant.

As indicated in the right panel of each figure, we have e}, (0) = 0 and € (1) = 1: when
all C-types are concentrated in one market, the N-types will follow. Generally, the higher
eq is, the more N-types would like to go to market A: this is just the coordination effect and
it tends to make el (e.) increasing. Whether it will be strictly increasing or not, ultimately

depends on the strength of the dilution effect relative to the coordination effect. This is why
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in both figures, e}/ (e) is increasing when A is large: it is a large asset supply that weakens
the dilution effect.!”

Next, we have G(0) < 0 and G(1) > 0, while €}%(0) = 0 and €/ (1) = 1. This illustrates
parts (a) and (b) of Proposition 2.1; the corners are always equilibria (marked with circles
on the left panel of the figures). However, with CRS these equilibria are not robust (unless
7 is so small that the entire G-function is positive, in which case the A-corner is the only
equilibrium); this illustrates parts (c¢) and (d) of the proposition.!® Also, with CRS the
congestion effect is so dominant that the G-function is globally decreasing in the interior, as
shown in part (e) of the proposition and illustrated in Figure 2.C.3. Therefore, there exists
a robust interior equilibrium where the representative C-type is indifferent between entering
market A or B; i.e., G(ec) = 0. As the supply of asset A increases, so does the equilibrium
value of ex, because a larger asset supply weakens the dilution effect and increases the
incentives of agents to concentrate on market A.

Figure 2.C.4 illustrates equilibrium entry under various values of S, for the case of
IRS. Naturally, the two corner solutions are still equilibria, and since IRS strengthen the
coordination effect, the equilibrium where all agents go to OTC, (e} = ec = 1) is now
robust (part (g) of the proposition). This may or may not be true for the equilibrium

with €%, = e, = 0, depending on the values of 7 and p.!" Figure 2.C.4 demonstrates the

17 There is also a difference between the two figures. In Figure 2.C.3 (CRS case), e (ep) is strictly
increasing in its entire domain. However, in Figure 2.C.4 (IRS case), and for the case of large S, e}/ (er)
reaches 1 for a rather small value of e~ and becomes flat afterwards. This is because with IRS, the desire of
N-types to go to the market with many C-types, i.e., the coordination effect, is supercharged.

18 More precisely, they are not “trembling hand perfect” Nash equilibria. Consider for example the
equilibrium with €%, = e, =1 (a similar argument applies to the one with e}, = e, = 0). Since all N-types
visit market A, the representative C-type also wishes to visit that market. (Why try to trade in a ghost
town, which OTCp is in this case?) However, if an arbitrarily small measure ¢ of N-types visited market
B by error, the representative C-type would have an incentive to deviate to market B, where her chance of
matching is now extremely high (since e, = 1, she would be the only C-type in that market).

19 Consider first the equilibrium with e, = e, = 1. With IRS the desire to go to OTC 4 (where all agents
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Figure 2.C.4. C-types’ incentive to deviate and N-types’ optimal entry choice, given e, for
the case of IRS. The figure depicts the function G(e,) = Sca — Scp (left panel) and the
optimal response of N-types, e} (right panel), as functions of aggregate e, assuming IRS
in matching. Equilibrium entry is illustrated for three levels of asset supply 54, keeping the
supply of asset B constant. Here, 7 = 0.95 and p = 0.3.

case of non-robustness; as shown in part (f) of the proposition, the best response function is
discontinuous at the B-corner, though it is continuous at the A-corner. With the coordination
effect amplified, multiple interior equilibria are typical (as in the case of “small S4” and
“medium S4”). However, the only interior equilibrium that is robust is the one where G has
a negative slope. A rise in S, will lead to an increase in the (interior and robust) equilibrium
value of ec. But with IRS, another interesting possibility arises: if 4 is large enough, the

desire of agents to coordinate on OTC4 is so strong that interior equilibria cease to exist.

are concentrated) is so strong that, even if some N-types visit OTCp by error, the representative C-type no
longer has an incentive to deviate to that market (unlike the CRS case; see footnote 18). But the channel
described so far is relevant for both corners. So why is the equilibrium where all agents go to OTCp not
always robust as well? Because OTCp is the market of the asset that may default. When that happens
(ex-post), all N-types will rush to market A, i.e., e‘fv = 1, and this creates an additional incentive for the
representative C-type to deviate to market A (a decision made ex-ante). This additional incentive will be
relatively large, when 7 is low (high default probability) and p is low (weak coordination effect). Therefore,
the equilibrium with e}, = e, = 0 is likely to be non-robust for relatively low values of 7 and p.
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This is depicted in the “large S4” case in the figure, where one can see that the A-corner

(with ey, = ec = 1) is the unique robust equilibrium entry outcome.

2.3.6 Liquidity Premia

Most of our main results will be about the liquidity premia assets A and B may carry in
equilibrium. As we have seen in the asset pricing equations (2.4) and (2.5), asset prices
consist of the fundamental value multiplied by a premium that reflects the possibility of
selling the asset in the OTC market. We define the fundamental value of an asset as the
equilibrium price that would emerge if this possibility was eliminated. In that case, agents
would value the assets only for their payouts at maturity, and the equilibrium prices would
be given by 1/(1 + i), for asset A, and 7/(1 + ), for asset B.

The liquidity premium of asset j, denoted by Lj;, is therefore defined as the percentage

difference between an asset’s price and its fundamental value:

7
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paA = (14 La), PB = (1+ Lp), (2.13)
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where:

0
— 0 (rar — ma? (U (q1a) — 1),
Ly=/ < CA+9(1 )CA> wo(qra) wiga) = 1) (2.14)
LBzg'agB'we(th) () =)

Each liquidity premium is the product of four terms. First, the probability that an agent

turns out to be a C-type and thus needs liquidity at all (¢). Second, given that the agent is
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a C-type, the expected probability of matching in the respective OTC market (conditional
on the market being open). Third, the share of the marginal surplus captured by the C-type
(6/wp), which is endogenous but constrained to the interval (0, ]. And fourth, the marginal
surplus of the match: the utility gained by a consumer who brings one more unit of real
balances into the DM, net of the production cost (u'(q1;) — 1).

Thus, there are two ways a liquidity premium can be zero: either the relevant OTC
market is closed (a¢; = 0), or assets are so plentiful that selling an extra asset in the OTC
does not create additional surplus in the DM (¢1; = ¢*, thus v/(¢1;) = 1). In the latter case,

the asset is still “liquid”, but its liquidity is inframarginal so it does not affect the price.

2.4 Main Results

2.4.1 Result 1: Safe and Liquid

The first result of the paper is that, other things equal, the safer asset (A) tends to be
more liquid. We demonstrate this result employing two measures of liquidity: the liquidity
premium and the volume of trade in each OTC market. Throughout Section 2.4.1, we
assume that the supplies of the two assets are equal (S4 = Sg), in order to focus on liquidity
differences purely due to the assets’ safety differential. Because of the complexity of our
model, a full analytical characterization is impossible and we break our analysis into two

stages.?’ First, we take a local approximation of our model around 7 = 1, assuming CRS

20 Our model has six ‘core’ equilibrium variables, most of which show up in multiple equations; these
equations are non-linear and include kinks, due to the various branches of the bargaining solutions and
the agents’ market entry decisions. Simply put, every time a parameter value changes, all six endogenous
variables are affected by simultaneous and, typically, opposing forces. For more detail, one can inspect
matrix equation (2.33) in the Appendix, which describes the effect of changes in 7 on the core variables in
general equilibrium, keeping in mind that this matrix is evaluated at the limit as 7 — 1.

142



(p =0). In this case, a symmetric interior equilibrium exists where the two assets are perfect
substitutes and their equilibrium prices are equal, and the perturbation of this equilibrium
with small changes in 7 can be solved in closed form (see Appendix 2.A.7). Second, in order
to obtain global results away from 7 — 1, and to conduct comparative statics with respect

to p, we solve the model numerically.

Proposition 2.2. Assume that asset supplies Sy and Sp are equal and are low enough so

that assets are scarce in OTC trade. Then:

(a) At m = 1, there exists a symmetric equilibrium where ec = exy = 0.5, goa = qQoB,
Q14 = qiB, and Ly = Lp.

(b) Assume p = 0 (CRS) and (1 — £)0 is sufficiently large. Then, locally, @ < 1 implies

La > Lg: the safer asset is more liquid.
Proof. See Appendix 2.A.7.2. O

Naturally, when 7w = 1, the two assets are perfect substitutes and their equilibrium prices
(and liquidity premia) will be equal. However, as 7 falls below 1, the liquidity premium of
asset A generally exceeds that of asset B. Near the symmetric equilibrium, the derivative of

the difference between the liquidity premia with respect to 7 is:

d(Ly — Lp) u'(q1) — 1 d
_ = 0———— (o}, — «
dr o wa(éh) ( CA CA)

X
wy(q1)? dm we(q1) dm

0 u”(q1) " d(¢1a — 1B) n w“'(@l) —1 _d(ag, — agp)

The first term on the right-hand side represents the negative direct effect: the probability of
meeting a buyer for asset A is always lower in the normal state than in the state where B
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defaults (a4, < ad ,), therefore the liquidity advantage of asset A increases as B becomes less
safe (r]). But this liquidity advantage is magnified by the endogenous responses of agents
to perceived default risk, which affect what happens even in the normal state. Consider the
second term in the equation. An agent who specializes in asset B despite the default risk
will self-insure by carrying more money, which translates (after OTC trade) to a higher ¢;5,
resulting in a lower trading surplus (indicated by multiplication with u”(g;) < 0) and thus a
lower liquidity premium for asset B; thus, this intensive margin effect is also negative and
always reinforces the direct effect.

Finally, there is the the third term in the equation, representing an extensive margin
effect: generally, when m < 1, N-types respond more strongly to the lower trading surplus in
the B-market, thus the matching probability for C-types is higher in OTCy4. If so, then all
three effects point in the same direction and thus the overall sign of the equation is negative,
as per part (b) of Proposition 2.2. Analytically, we can show that this is indeed the case
when (1 — ¢)0 is sufficiently large; numerically, we can find counterexamples, but the overall
negative sign is still the predominant result.?!

Figure 2.C.5 illustrates our result for a range of 7, and for both CRS and an intermediate
degree of IRS. In each of these cases, the difference between L4 and Lg is positive and strictly
decreasing in 7. It is important to remind the reader that this differential is purely due to
liquidity; it is not a risk premium. Indeed, decreasing m makes agents less willing to hold

asset B because that asset is now at higher risk of default, but that effect is already included

21 To be precise, we checked the sign for all combinations of # and ¢ in {0.1,0.5,0.9}, and asset supplies
of Sy = Sp € {.02,.05,.10,.15}, with p = 0, ¢ = .1, and M = 1 maintained. Out of these 36 parameter
combinations, in four of them the assets are so plentiful that both liquidity premia are zero for any m; in
three of them, all with maximal ¢ and minimal asset supplies, the sign is reversed so that L4 < Lp when
m < 1, i.e., the safer asset is less liquid; in the remaining 29 cases, we have the ‘normal’ result where the
safer asset is more liquid. For more details, see Appendix 2.A.7.2.
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Figure 2.C.5. Liquidity premia as functions of 7. The figure depicts the liquidity premia of
assets A, B as functions of 7, assuming symmetric asset supplies. The left panel illustrates
the case of a CRS matching technology, and the right panel represents the the case of IRS

(p=0.5).

in the fundamental value of the assets (see equations 2.13). The new result here is that as
asset B becomes less safe it also enjoys a smaller liquidity premium on top of the smaller
fundamental value.

The intuition behind Result 1 is as follows. Unlike C-types, who are committed to visit
the market of the asset in which they chose to specialize, N-types are free to visit any market
they wish, since their money is good to buy any asset. Consequently, in the event of default,
all the N-types (even those who had chosen to specialize in asset B) will rush into OTC 4.
Of course, agents who are currently making their portfolio and market entry decisions in the
CM correctly anticipate this possibility. Thus, the chance of a market flooded with buyers
ez-post (i.e., OTC, in the event of default) serves as a powerful incentive attracting agents

to specialize in asset A ez-ante, as they forecast that this market will offer a high matching
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probability, if they turn out to be C-types.

The discussion following equations (2.14) reveals why this is important for liquidity:
an agent who buys an asset today (in the primary market) is willing to pay a higher price
if she expects that it will be easy to sell that asset ‘down the road’, and, importantly, it
is the C-types who sell assets down the road. Through this channel, any positive default
probability for asset B translates into a matching advantage for C-types in OTC4. This, in
turn, translates into a higher liquidity premium for asset A, because that premium depends
on the (anticipated) ease with which the agent can sell the asset if she turns out to be a
C-type. Naturally, this channel, and the liquidity differential between the two assets, will be
magnified if matching is characterized by IRS.

This last point can be seen more clearly in Figure 2.C.6. Instead of liquidity premia,
we plot the percentage difference between the two asset prices, (pa — pg)/pa, for various
values of p (and as functions of 7), and we contrast them to the difference between the
fundamental values.?? Thus, any difference between the curve labeled “fundamental” and
the curves representing the various p’s is a pure liquidity difference. The bottom panel of
this figure performs the same exercise, but for high values of p (including p = 1, i.e., the
congestion-free matching function adopted by Duffie, Garleanu, and Pedersen (2005) and
most of the papers that build on their framework). This figure highlights that with strong
IRS (p — 1), even a tiny default probability for asset B can be magnified into an enormous
liquidity advantage for asset A. This is visualized by the function (p4 —pg)/pa, which jumps
discontinuously at m — 1 as long as p > .87 in the example.

The description of the mechanism behind Result 1 also highlights that as 7 decreases,

22 Clearly, the percentage difference between the fundamental values of assets A and B is 1 — 7.
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Figure 2.C.6. Price differentials as functions of m. The top panel depicts the price differential
(pa — pB)/pa as a function of 7, for various values of p, assuming symmetric asset supplies.
The curve dubbed “Fundamental” represents the percentage difference between the price
of assets A and B, if the liquidity channel was shut down, namely, the term 1 — 7. The
difference between the “Fundamental” curve and the curves corresponding to the various p’s
represent a pure liquidity difference between the two assets. The bottom panel repeats the
same exercise for high values of p, including the “congestion-free” case where p = 1. For
high enough p and for values of 7 arbitrarily close to 1, the price differential (ps — pg)/pa
jumps discontinuously, representing a large liquidity advantage of asset A versus asset B.
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Figure 2.C.7. OTC trade volumes as functions of 7. The figure depicts the trade volumes in
OTC4 and OTCpg, A4 and Apg as defined in Appendix 2.A.6, as functions of «, for Sy = Sp.
In the left panel we assume the matching technology is CRS (p = 0), and in the right panel
we have p = 0.5.

more agents will choose to coordinate in the market for asset A. Thus, it is not only the
liquidity premium of asset A that increases in the default probability, but also the volume
of trade in that market. This is illustrated in Figure 2.C.7, which graphs the trade volumes
in the two OTC markets as functions of 7 for the cases of CRS and IRS. (The details of the
derivation of OTC trade volume are relegated to Appendix 2.A.6.) As seen in the figure,
the trade volume is higher in the secondary market for the safer asset, and the difference
in trade volumes between OTC4 and OTCp is decreasing in 7.2® Since secondary market
trade volume is often adopted in the finance literature as a measure of an asset’s liquidity,
we view this result as an alternative way of establishing that a safer asset will also be more

liquid—other things being equal.

23 Within the context of a different model, Velioglu and Uslii (2019) obtain a result with similar flavor.
They develop a multi-asset version of Duffie, Garleanu, and Pedersen (2005) and find that safer assets trade
in larger quantities.
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Figure 2.C.8. Liquidity premia with varying degrees of IRS. The figure depicts the liquidity
premia of assets A and B as functions of Sg, for a constant Sy, and for varying degrees of
IRS. The dashed vertical line indicates the (fixed) supply of asset A; 7 is set to 0.95.

2.4.2 Result 2: Safer yet Less Liquid

Of course, other things are not always equal, and we are particularly interested in asset
supplies.?* Allowing for differences in asset supplies delivers the second important result of
the paper: even with slight IRS in OTC matching, the coordination channel becomes so
strong that asset demand curves can be upward sloping. Consequently, asset B can carry
a higher liquidity premium than the safe asset A, as long as the supply of the former is
sufficiently larger than that of the latter.

Figure 2.C.8 depicts the liquidity premia for assets A and B as functions of the supply

24 Recall that the matching efficiency and the bargaining protocol are assumed to be identical in both
markets, because we do not want to give one of the assets an exogenous liquidity advantage.
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Figure 2.C.9. Sell- and buy-probabilities in the OTCpg. The figure depicts the sell-probability,
adg, and the buy-probability, aR 5, in the secondary market for asset B, in the normal state,
as a function of Sp (and for varying degrees of IRS). The dashed vertical line indicates the
(fixed) supply of asset A; for the default probability, we set = = 0.95.

Sg, keeping S, fixed, and for various degrees of IRS in matching. First, notice that the
liquidity premium on asset A is always decreasing in Sp. With CRS (top-left panel), this
is also true for the liquidity premium on asset B, as is standard in existing models of asset
liquidity. However, with even a small degree of IRS, the coordination channel becomes so
strong that asset demands can slope upwards. And if Sg is significantly larger than Sy, we
observe Lg > Ly, i.e., the less safe asset emerges as more liquid.

The mechanism of this result is as follows. As we have seen, our model has a channel
whereby a safer asset also enjoys an endogenous liquidity advantage. However, whether this

advantage will materialize depends on the relative strength of the dilution effect: If the
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supply of asset A is limited, as more agents choose to specialize in that asset, each one of
them will only hold a small amount, and any bilateral meeting in OTC,4 will generate a
small surplus. Keeping this effect in mind, consider an increase in the supply of asset B. As
a result, more agents are willing to trade in OTCpg because of the increase in the expected
trading surplus in that market (conditional on no-default). Crucially, N-types respond more
elastically to this increase because their market entry choice is not governed by their asset
specialization choice (which is already sunk). Consequently, the trade probability in market
B for C-types increases by far more than that for N-types, as illustrated in Figure 2.C.9.
Why this is important for liquidity should now be transparent: the agent will be willing to
pay a high liquidity premium for an asset if she expects a high probability of selling that
asset (conditional on needing to sell, i.e., being a C-type). And with some IRS in matching,
the aforementioned channel becomes so strong that the premium an agent is willing to pay
for an asset is increasing in that asset’s supply.

Figure 2.C.10 summarizes Results 1 and 2. It depicts the liquidity premia of assets A
and B as functions of Sg, keeping S, fixed, with a slight degree of IRS, p = 0.2. When the
supplies of the two assets are equal (Sp = S4), asset A carries a higher liquidity premium
(Result 1). However, as Sg increases further, we enter the region where the demand for asset

B becomes upward sloping, until eventually Lp surpasses L4 (Result 2).

2.4.2.1 Rationalizing the Illiquidity of AAA Corporate Bonds

An interesting fact that has recently drawn the attention of practitioners (but not so much
that of academic researchers yet) is that, in the U.S., the virtually default-free AAA bonds

are less liquid than (the riskier) AA corporate bonds. Figure 2.C.11 plots the time-series
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Figure 2.C.10. Liquidity premia. The figure depicts the liquidity premia of assets A and B
as functions of Sp, for a constant Sy, and for p = 0.2. The dashed vertical line indicates the
(fixed) supply of asset A; 7 is set to 0.95.

yields of AAA versus AA corporate bonds (as well as their difference) on the top panel, and,
as a reference point, it does the same for the AAA versus AA municipal bond yields in the
bottom panel.?> The bottom panel is consistent with what one would expect to see: the
riskier AA municipal bonds command a higher yield than the one on AAA municipal bonds,
because investors who choose to hold the former want to be compensated for their higher
default probability.

Interestingly, this logical pattern is reversed in the case of corporate bonds. Indeed,
on the top panel of the figure, we see that in the past 5 years, the yield on AA corporate
bonds has been consistently lower than that on AAA bonds. Why do investors command
a higher yield in order to hold (the virtually default-free) AAA corporate bonds? Many

practitioners have claimed that this is so because the secondary market for AAA corporate

25 The data on municipal bonds comes from Standard & Poor’s, and the data on corporate bonds comes
from Federal Reserve Economic Data (FRED). The original data is on a daily base, but, to make the graphs
more legible, it is converted to a monthly base. The graphs show the historical yields for the past 10 years.
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Figure 2.C.11. Historical yields of AAA/AA corporate/municipal bonds. Sources: FRED,
Standard & Poor’s.
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bonds is extremely illiquid. This narrative is consistent with the observations depicted in
Figure 2.C.11, and it is supported by further evidence. For instance, He and Milbradt (2014)
document that the bid-ask spread in the market for AAA corporate bonds is higher than
the one in the market for AA corporate bonds. Additionally, in recent years Bloomberg
has ceased constructing its price index for AAA-rated corporate bonds, due to the dearth
of outstanding bonds and the lack of secondary market trading. Of course, a high bid-ask
spread and a low trade volume are both strong indicators of an illiquid market.

Our model could shed some light on this empirical observation, if it was the case that
AAA corporate bonds have a scarce supply relative to AA corporate bonds. This turns out
to be overwhelmingly true. In the years following the financial crisis, regulations introduced
to improve the stability and transparency of the financial system (such as the Dodd-Frank
Act) have made it especially hard for corporations to attain the AAA score. This resulted
in a large decrease in the outstanding supply of this class of bonds.?® As a benchmark of
comparison, in June 2018, the outstanding supply of AAA over AA corporate bonds was
1/10, while the same statistic for municipal bonds was 1/3.

While it is plausible to attribute the irregularity observed on the top panel of Fig-
ure 2.C.11 to ‘some liquidity story’, existing models of liquidity cannot help us understand
this puzzling observation (see a review of the literature in Section 2.1.1). In these papers,
the asset demand curves are decreasing, hence, an asset in large (small) supply will tend
to have a low (high) liquidity premium. Our model formalizes the idea that an asset in

very scarce supply will be illiquid, even if it maintains an excellent credit rating. And our

26 The number of AAA-rated corporations in the U.S., never high, decreased to four—Automatic Data
Processing, Exxon Mobil, Johnson & Johnson, and Microsoft—in 2011. Automatic Data Processing got
downgraded in 2014, and Exxon Mobil in 2016. Today, there are only two AAA-rated companies.
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‘indirect liquidity’ approach, coupled with endogenous market entry, is key for delivering
this empirically relevant result.

It should be pointed out that the case of AAA versus AA US corporate bonds is not the
only one where the commonly held belief that “safety and liquidity go together” is violated.
Christensen and Mirkov (2019) highlight yet another class of bonds—Swiss Confederation
Bonds—that are considered extremely safe, yet not particularly liquid. Furthermore, Beber,
Brandt, and Kavajecz (2008) report that Italian government bonds are among the most
liquid, despite also being among the riskiest Euro-area sovereign bonds. The authors justify
this observation by pointing to the large supply of Italian debt, which is consistent with our

model’s prediction.

2.4.3 Result 3: Safe Asset Supply and Welfare

In our final result, we highlight an important implication of our model about the effect of an
increase in the supply of safe assets on welfare. A large body of recent literature highlights
that the supply of safe assets has been scarce, and that increasing this supply would be
beneficial for welfare (see, for example, Caballero, Farhi, and Gourinchas, 2017). In our
model this result is not necessarily true. In particular, welfare may not be monotonic in Sjy.

First, let us define the welfare function of this economy, which is the C-type agent’s
surplus in the DM, averaged between agents who had the opportunity to rebalance their
portfolios in the OTC round of trade, and those who did not.?” Clearly, one also needs

to remember that here we have agents who chose to specialize in different assets, and two

27 In models that build on LW, steady-state welfare depends only on the volume of DM trade. Hence, a
sufficient statistic for welfare is how close the average DM production is to the first-best quantity, ¢*.
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possible aggregate states (default and no-default). In the normal state, welfare is:

W = (ecl — flecl,en(1 = 10))) - (u(goa) — qoa) + flecl en(1 =€) - (u(qra) — q1a)
+ (L= ec)l = f((1 = ec)t, (1 = ex)(1 = 0))) - (u(q08) — qos)
+ (L =ec)l, (1 —ex)(1 = 0) - (u(qip) — a18)
= ecl - [(1 = ag) (w(qoa) = qoa) + afa(ularia) — qua)]

+(1—ec)l- [(1 —adp) (U(CIOB) - QOB) + adp (u(qlB) - CI1B)]>

and in the default state, it is:

W = (ecé — flect,1— 6)) ) (U(QOA) - QOA) + flegl, 1 —=10) - (U(ChA) - (J1A)
+ (1 —ec)l - (ulqos) — qoB)

= ecé' [(1 - a%A)(“(QOA) - qOA) + adCA (u(chA) - (_hAﬂ + (1 - ec)f' (U(QOB) - CJOB)-

We define aggregate welfare as:

W=7aW"+ (1 — o)W (2.15)

Figure 2.C.12 plots equilibrium welfare as a function of the supply of the safe asset,
and highlights the case in which welfare is non-monotonic in S4. This result may seem
surprising at first. A higher supply of asset A enhances the liquidity role of that asset (or,
equivalently, allows for more secondary market asset trade), which, in turn, should allow

agents to purchase more goods in the DM. While not wrong, this intuition is incomplete.
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p=0.07 p=0.14

0 Sy 01 0.2 0.3 0 Sy 0.1 0.2 0.3
Sa Sa

Figure 2.C.12. Safe asset supply and welfare. The figure depicts equilibrium welfare as a
function of Sy, for various values of p, including p = 0 (CRS). The dashed vertical line
indicates the (fixed) supply of asset B; 7 is set to 0.95.

What is missing is that when the safe asset becomes more plentiful, agents expect that it
will be easier to acquire extra cash ex-post and, thus, they choose to hold less of it ex-ante.
In other words, our model is characterized by an externality: agents prefer to carry assets
rather than money, and they wish to acquire money in the secondary market(s) only after
they have learned that they really need it (i.e., only if they have turned out to be a C-type).
But someone has to bring the money, and that someone will not be adequately compensated.
This channel depresses the demand for money, which, in turn, decreases the value of money
and the volume of trade that the existing money supply can support.

An interesting detail seen in Figure 2.C.12 is that welfare always decreases when S4
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is large enough. This feature of equilibrium can be explained a follows. As S, increases,
the amount of DM goods purchased by an agent who traded in OTCy4, ¢4, also increases,
because that agent was able to sell more assets and boost her money holdings. On the other
hand, as S, increases, the amount of DM goods purchased by an agent who did not trade
in OTCy4, qoa, decreases, because the higher asset supply induced that agent to carry fewer
money balances ex-ante (see previous paragraph). Hence, an increase in S, generates two
opposing effects on welfare: the surplus term u(q14) — ¢14 (involving agents who traded in
OTC,) increases, but the surplus term u(goa) — goa (involving agents who did not trade in
OTC,) decreases.?® While it is hard to know which effect prevails for any value of S, what
is certain is that if S4 keeps rising, there will come a point where the marginal liquidity
benefit of more A-assets will be zero (because ¢;4 — ¢* implies u/(¢;4) — 1). Near that
point, an increase in Sy still hurts welfare by depressing u(goa) — goa (because u'(goa) > 1),

but now it generates no countervailing benefit.

2.5 Conclusion

We argue that understanding the link between an asset’s safety and its liquidity is crucial.
To this end, we present a general equilibrium model where asset safety and asset liquidity
are well-defined and distinct from one another. Treating safety as a primitive, we examine
the relationship between an asset’s safety and liquidity. We show that the commonly held

belief that “safety implies liquidity” is generally justified, but there may be exceptions. In

28 Of course, this is a general equilibrium model where any change in S 4 affects not only the terms qo4, ¢14,
but also the terms gop,q1p. However, the latter is a secondary effect which turns out to be quantitatively
not too important.
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particular, we highlight that a safe asset in scarce supply may be less liquid than a less-safe
asset in large supply. Thus, our model can rationalize the puzzling observation that AAA
corporate bonds in the U.S. are less liquid than (the riskier) AA corporate bonds. Contrary
to a recent literature on the role of safe assets, we show that in our model increasing the

supply of the safe asset is not always beneficial for welfare.
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2.A Appendix

2.A.1 Value Functions
2.A.1.1 Value Functions in the CM

Consider first an agent who enters the CM with m units of money and d; units of asset j,

j ={A, B} in state s = {n,d}. The value function of the agent is given by

Wa(m, da, dp) = max {X — H + BE,, [maX {QfA <m dy, cZB) Q2 <m da, CZB) }] }

m,da,dp
sit. X +@(h + pada + pedp) = H+ o(m + puM + ds + dg), if s=n (normal),

X + o+ pada + ppdp) = H + o(m + puM + dy), if s=d (default),

where variables with hats denote portfolio choices for the next period, and E is the expecta-
tion operator over states and types of consumers. (27, denotes a value function of an i-type
agent, i = {C, N}, who enters the OTC market for asset j in state s, and it is described in

the next section. Replacing X — H from the budget constraint yields
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Ws(m,da,dg) = o(m+ pM + ds + dp-I{s = n})

+ max { — (1 4 pada + ppdp)

,da,dp

+ Bt max{QgA (m da, CZB> ,Qn (m ds, CZB)} (2.16)
+ Br(1—0) max{gz’;VA <m da, dB) LQn (m ds, CZB) }
+B(1— ﬂ)ﬁmaX{QéA <m da, cZB) L <m da, CZB) }

L B(1—m)(1—0) max{vaA (m da, dB>,Q‘fVB (m ds, CZB)} }

where I is the indicator function, and we have used the fact that asset B defaults with
probability 1 — 7 and that an agent becomes C-type with probability ¢. This can be simply
written as follows:

Wa(m,da,dg) = p(m +da+dg) + A,
(2.17)

Wd(m, dA, dB) = <p(m + dA) + A,

where A collects the remaining terms that do not depend on the current states.

The value function for a producer is much simpler. Note that producers will not want
to leave the CM with a positive amount of money or assets, as long as the assets are priced
at a liquidity premium. The reason is that a producer’s identity is permanent; so, there is
no reason for her to bring money or buy assets with paying a liquidity premium when she
knows that she will never have a liquidity need in the DM. Therefore, when entering the

CM, a producer will only hold money that she received as payment in the preceding DM.
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Thus, the value function for a producer is given by

WP(m):IEfEC{X—H—f—ﬂES[VSP]}

st. X =H+ pm,

where V* denotes a value function of a producer in the DM in state s that will be described
later. Notice that the value function does not depend on states of the economy. Using the

budget constraint, we can re-write the value function as follows:
WP (m)=oem+ B (7V,, + (1 —m)V)) = pm+ A"

Note that all agents have linear value functions in the CM. This is standard in models
that build on LW, a result that follows from the (quasi) linear preferences, and it makes the

bargaining solution in the DM easy to characterize.

2.A.1.2 Value Functions in the OTC markets

In the OTC markets, C-type agents are selling assets, and N-type agents are buying assets.
Let 3;(m, da, dp) denote a value function of an agent of type i who decides to enter OTC;
in state s. &; is the amount of money that gets transferred to a C-type, and x; the amount
of asset j that gets transferred to an N-type in a typical match in OTC;. These terms of

trade are described in the next section. The value functions are given by
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Qtalm,da,dp) = o, Va(m~+&a,da — xa,dp) + (1 — agy)Va(m, da, dp),
QCCZ’A(mv dAv dB) = adC'A‘/;l(m + 5,4, dA — XA, dB) + (1 - OédCA)‘/d(ma dAv dB)a
Q%B(m’ dAv dB) = agBVn<m + €Ba dAa dB - XB) + (]- - a%B)‘/n(mv dA7 dB)a
QdCB(m’ dA7 dB) - ‘/d(m7 dA7 dB))
(2.18)
Qnva(m,da,dp) = ay Wo(m —Ea,da + xa,dp) + (1 — ay ) Wa(m,da,dp),
Q% u(m,da, dp) = oS, Wa(m — a,da + xa,dp) + (1 — a4 )Wa(m, da, dgp),

Q%B<m7 dAa dB) = C/&BWn(m - 537 dA7 dB + XB) =+ (1 - a?VB)WTL(”% dA7 dB>7

Qb p(m,da,dp) = Wa(m,da,dp),

where V; denotes a C-type agent’s value function in the DM in state s. Note that OTCp
shuts down when asset B defaults, and thus N-type agents proceed directly to the CM,

whereas C-type agents move on to the DM.

2.A.1.3 Value Functions in the DM

In the DM, C-type agents meet producers. Let ¢ denote the quantity of DM goods traded
and 7 the total payment in units of money. These terms of trade are described in the next
section. The value function of an agent who enters the DM with a portfolio (m,d,dp) in

state s is given by

Vs(m,da,dp) = u(q) + Ws(m — 7,da,dp), (2.19)
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The value function of a producer, who enters with no money or assets, is given by
VP =—q+W"(7),
which does not depend on states of the economy.

2.A.2 Terms of Trade
2.A.2.1 Terms of Trade in the DM

Consider a meeting between a producer and a C-type agent with a portfolio (m, d4,dg). The
two parties bargain over a quantity ¢ to be produced by the producer and a cash payment 7
to be made by the agent. The agent makes a take-it-or-leave-it offer maximizing her surplus

subject to the producer’s participation condition and the cash constraint:

max {u(q) + Wy(m = 7.da, di) = Wi(m.da, ds) }

T’q

st. —q+WF(r)-WwrP0)=0, 7 <m.

Using the linearity of the CM value functions, the C-type agent’s surplus becomes u(q) — o7
and the producer’s surplus —q + 7. This implies that the bargaining solution must satisfy
q(m) = @1(m)—that is, the producer will require 7(m) units of money for producing ¢(m)
of goods. When the agent has enough money to have the optimal level produced, that is,
when om > ¢*, ¢* will be produced. Otherwise, ¢m will be produced. Define m* = ¢* /¢ as

the amount of money that allows an agent to purchase the first-best quantity, ¢*. Then, the
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solution can be expressed in a concise way:

g(m) = min{g", om} (= p1(m)),
(2.20)

7(m) = min{m*,m}, m*=q"/e.

Since an agent will never choose to hold m > m* due to the cost of carrying money, we will

focus on the binding branch of the bargaining solution, ¢(m) = ¢pm and 7(m) = m.

2.A.2.2 Terms of Trade in the OTC Markets

Consider a meeting in OTC; between a C-type agent with a portfolio (m,da, dp) who wants
to sell assets and an N-type agent with (mn, d A, a?B) who wants to buy assets. Let x; be the
amount of asset j will be traded for §; amount of money as a result of bargaining. The
Kalai bargaining applies with the asset seller’s bargaining power denoted by #. Then, the

bargaining surplus of an i-type consumer from an OTC; trading in state s, S;;, are given by

77

N =Wl — Ea,da+ xa,dp) — Wa(im,da,dp) = —p€a + ©Xa,
St =Valm~+E&a,da — xa,dp) — Va(m, da, dp) = u(e(m + £4)) — u(em) — pxa,
Sya = Walih = &a,da + xa,dp) — Wa(i, da, dp) = —p€a + pXa,
Stp = Valm +&p,da,dp — xB) — Va(m,da,dp) = u(p(m + &) — u(em) — pxs,

Sty =Wih(m —€p,da,dg + xB) — Wy(in,da,dp) = —p€s + ©XB.

Notice that 8%, = 8%, and 8%, = S% ,; thus, the solutions will not depend on states of the

economy. S& 5 and 8% are not defined since OTC g shuts down when asset B defaults. Thus,
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we will simply write as follows: Sca(= 824 = S&4), Sna(= SV 4 = S%4), Scp(= Sip), and

Snp(= Sk ). The expressions for the surpluses can be simplified as follows:

Soj = ulp(m +&;)) — ulem) —x;,

Snj = —&; + px;-.

Since money is costly to carry, in equilibrium, C-type agents will bring m < m* and
want to acquire the amount of money that she is missing in order to reach m*, namely,
m* — m. Whether she will be able to acquire that amount of money depends on her asset
holdings. If her asset holdings are enough, then she will be able to acquire m* — m units of
money. If not, she will give up all her assets to obtain as much money as possible.

An assumption behind this discussion is that N-type’s money holdings never limit the
trade. That is, we assume that m+m > m*, i.e., that the money holdings of the C-type and
the N-type pulled together is enough to allow the C-type to purchase the first best quantity
q*, hence ignoring the constraint &; < m in the bargaining problem. This will be true in
equilibrium as long as inflation is not too large so that all agents carry at least half of the
first-best amount of money (see also footnote 13).

Thus, the bargaining problem is described by

0
rnaXScj s.t. SC]' = —SN]', X < dj.
&irXj 1-6

From the Kalai constraint, we get

s = &) = (1= 0)(ulp(m + &) — ulpm) ) + 056,
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which says that the asset seller has to give up 2(§;)/¢ amount of asset j to acquire £; amount
of money. Note that 2/(§;) > 0, and recall that the optimal amount of money that the asset
seller wants to achieve is m* — m. When the asset seller has enough assets to compensate
m* — m, that is, when pd; > z(m* —m), m* — m will be traded. Otherwise, d; will be

traded. The solution can be expressed in a concise way:

Xj(m, d;) = min{dj, d;} (= z(§;(m, d;))/¢), d; Hm —m)
i (2.21)

& (m,d;) = min{m* —m,;(m,d;)}, od; = 2(&;).

With the discussion above in mind, note that the solution does not depend on the N-
type consumer’s portfolio, but only on the C-type’s. Also, note that &;(m, d;) is increasing
in d; (the more assets a C-type has, the more money she can acquire) and decreasing in m

(the more money a C-type carries, the less she needs to acquire through OTC trade).

2.A.3 Objective Function

As is standard in models that build on LW, all agents choose their optimal portfolio in the
CM independently of their trading histories in previous markets. In our model, in addition
to choosing an optimal portfolio of money and assets, (1, d As d B), agents also choose which
OTC market they will enter in order to sell or buy assets, once the shocks have been realized.
To analyze the agent’s choice, we substitute the agent’s value functions in the OTC markets
and the DM (equations (2.18) and (2.19)) into the maximization operator of the CM value
function (2.16) and use the linearity of the CM value functions (equation (2.17)), dropping

the terms that do not depend on the choice variables, to obtain
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—gO(ﬁl —i—pACZA —i—pBCZB) + 571'6(@(62,4 + CzB> + u(@ﬁz) + IIlaX{O/CLvASC'A, agBSCB}>
+ Br(1 = O)p(in + da + dp)
A1 — w)e(gaCZA (@) + adCASCA)

+ (1= m)(1 = )@ + da),
from which we finally get the objective function:

J(,da,dp) = — @(+ pada + pads) + P+ da + 7dp)

+ Bﬁ(u(@h) — ¢m + mmax{ap,Sca, atpScep}t + (1 — W)adCASCA)
(2.22)
L . . 1 5 R : 5
= — i — fp(1 +1i) <pA - 1—H) da — Be(1 +1) (pB - %ﬂ) dp

+ BE(U(@T%) — ¢m + mmax{ap 4 Sca, atpScep}t + (1 — W)adCASCA>,

with i = (14 p)/8 — 1, where

>

Scj = 0 [u(@(n + &, d;))) — u(rm) — $&; (i, dy) | -

2.A.4 Asset Demand

Asset demand equations are derived from the first-order conditions of the objective function

(2.22) with respect to ds and dp:

) , 108
{da} (+i)pa—1=b(mal, +(1- w)aéA)EWPA,
A

- . 1 0S¢
d 1414 — 7 ={lrapy———,
{ds} ( )pB CBSO 9ds
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where

880]' 880j 85] 1/ As A = ~ aéj
91 220 H ¢ ) — :
TR (w(etm+8)) ~1) o2 o
A aéj A LN (05 e agj
= /&5 = (0+ 1 -0uetn+E)) 32,

~

where the second equation is from total differentiation of pd; = z(&;(rh, d;)).
From above, we can get the asset demand equations (2.4) and (2.5) by expressing in

terms of the equilibrium quantities:

1
0+ (1—0)u(qa)

(1 Dpa = 1= 00( o + (1 = )ty ) (W (@a) = 1)

(2.23)
1

9 + (1 — H)u’(qlB) '

(1+1)pp — m = Omagz(u' (q1B) — 1)

2.A.5 Money Demand

Money demand equations are derived from the first-order conditions of the objective function

(2.22) with respect to m:

108
{m} i=1¢ <(u’(¢m) —-1)+ (WQZA +(1-— W)Oéch> 58—5{4)
1098
i=0 ((u'(¢m) — 1)+ mg%a—gf)
where
0S¢ - - 9%;
37;] —9 (u’(@(m +&)) — u’(gbm)) +0 (u’(@(m +&5)) — 1> @af;b,
- O . €.
0= (1-0) ({2l + &) — ' (9ri) + (1= O (Pl + &) 5 + 05



where the second equation is from total differentiation of @d] = 2(& (1, d)).

From above, we can get the money demand equations (2.6) and (2.7) by expressing in

terms of the equilibrium quantities:

i= E(l — 9(7TO/CLA +(1— W)ach))(u'(qu) —1)

+ 00 (mgA +(1- w)ach) (W (qra) — 1) <1 _u _egl(?i(zlziuj(Z:iL;OA))) , (2.24)

= 00 = Ol o) = 1)+ 0o o) — 1) (1= 2] L))y

2.A.6 OTC Trade Volume

The OTC trade volumes in the normal state are defined by

Al = flecl, en(1 = £))-xa(m, da),

Ap = f((1—ec)l, (1 —ex)(1 = 0))-xp(m, dp),

where

ol ) = minfd ), d; = 2=,
2(6) = (1= 6) (ulp(m + ) — u(pm) ) + 0k,
dy=24 gy— 8
ec 1—-eq
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These reduce as below:

M (= 0)(ule) ~ ulgoa) + 0l — @) g,
A"y = el a4 min v

ecqoa + (1 —eq)qon eo [
M((1 - 0)(ula") — ulaon) +0a" —aos)) s,
ecqoa + (1 —ec)qon I —eq

The OTC trade volume of market A in the default state is defined by?"

AdA = flegl,1 —0)-xa(m,da)

M((l —0)(u(q") — ulqoa)) +0(q" — qu)> Sa

)

ecqoa + (1 —eq)qon eo

= el ad - min

Then, the OTC trade volumes, averaged across the normal and default states, are

Ap=7AG+ (1 -m)AY,
(2.25)

AB = WA%

2.A.7 Proofs
2.A.7.1 Classification of Equilibria

Proof of Proposition 2.1. (a) Assume e, = 0. Then, ey = e = 0 is clearly the best
response of N-types. We claim that there is no profitable deviation of a C-type, i.e., G(en) =
Sca — Sop < 0 when e = 0, e = ¢4 = 0. First, notice that when e, = 0, that is, when
nobody is holding asset A, goa = ¢14 (= @) and Sca=—ig+ l(u(q) — q). If it were the case

that nobody was purchasing asset B either, then qop = ¢15 (= @), Sop = —iq + U(u(q) — q)

29The OTC trade volume of market B in the default state is 0, since OTCpg shuts down.
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and G(es) = 0. Since ¢;p increases and gop decreases as agents hold asset B, it remains to
show that dSCB /dq1g > 0, keeping in mind that ¢op also changes as ¢;5 changes.

When e =0 and e}, = e, =0, alkp =1 — {:

0

Scp = —iqop — (f
w@(QlB)

m(1 - 5)(1/((113) - 1)>((1 —0)(u(q18) — ul(qon)) + 0(q1B — QOB)>

+ l(u(qoB) — qon) + €m(1 — 5)9<U(Q1B) —u(qB) — 1B + %B)-

Then,

(1= (1= 0m)o+ (1 - 0)u'(q18))u'(q08)

17—

dScp _ dqos 0+ (1—0)u'(q:5)
dg:1p dq5 LU=+ (1= Omh)u(ais))
0+ (1—0)u(qp)
1 L Oend (1—0)(u(qip) — ulqon)) "
N 0+ (1- 9)u/(Q1B))2< o +0(q18 — qoB) e

The coefficient of dgop/dg1p in the first term is

(A -0 =0m)o+ 1 - 0)u(gp))u(qos) €0+ 1 — 1+ 1—0Om)0)u'(q5))

7 —

0+ (1—0)u(qB) 0+ (1—0)u(q)
—_ (5((1 — (1= Omo+ (1 - 0)u'(g1p)v'(go5) (1 —(1—Hm)0+ (1 — 9)”’(@13)))
0+ (1—0)u(q1p) 0+ (1—0)u(qp)
B (f((l —(1=0m)0+ (1 -0u'(qp) O+0—-1+(1~- E)W)Q)U’(qlB)))
0+ (1—0)u(q1B) 0+ (1—0)u(qiB)
=i—( <1 e —Qg)u’(qlB)W(l — 6)) (v'(qoB) — 1)
—/ i 7(1—=0)(u(q1p) — 1),

0+ (1—0)u(qB)
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which is 0 since it is equivalent to the money demand equation (2.7). Thus,

dScp 1 g (1= 0)(ulaip) —ulas)) | .
dnn - > 0.
dg\p 0+ (1— H)u’(qlB))2< ) u"(qip)
+ 0(q18 — qoB)
(2.26)
Therefore, G(es) < 0 when e, = 0, ey = e4 = 0. ]

(b) Assume e, = 1. Then, e}, = ¢4 = 1 is clearly the best response of N-types. We claim
that there is no profitable deviation of a C-type, i.e., G(en) = Sca —Scp > 0 when e =1,
e = e = 1. First, notice that when e, = 1, that is, when nobody is holding asset B,
G5 = 15 (= ) and Scp = —iG+0(u(7) —q). If it were the case that nobody was purchasing
asset A either, then goa = qia (= §), Sca = — iq + L(u(q) — q) and G(es) = 0. Since g4
increases and gga decreases as agents hold asset A, it remains to show that dSca /dg1a >0,
keeping in mind that gg4 also changes as ¢4 changes.

When e, =1 and e}, =e% =1, 0%, =al, =1—{:

0

W&(QlA)

Sew == s = (= 00 Gana) = 1)) (11 ) (atar) = ulaon) + Olana — )

+ (u(goa) — qoa) + (1 — 6)9<U(CI1A) —u(qoa) — qra + %A)-

Then,

dSca _ dgoa (@ L0+ (1= ) (qra))u' (qoa) | O+ (1 —(2— e)e)u'(qm)))
dqia dqia 0+ (1 —0)uw(q1a) 0+ (1 —0)w(q1a)
1

e 00( (1= ) (u(g14) ~ ulgoa)) + 0la1a — don) )" (1)
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The coefficient of dgya/dqi4 in the first term is

0+ (1= 0)u'(q1a))u'(goa) | €O+ (1 — (2= 0)0)u'(g14))

0+ (1 —60)u(q1a) 0+ (1—0)u(q1a)
i (K(Eé’ + (1 = 0)u'(q1a))u'(goa) €000+ (1 — 9)u’(q1A)))
0+ (1—0)u(qa) 0+ (1—0)u(q1a)
) (we L= Olas) LB+ (- (206 >u'<qm>>>
0+ (1—0)u(q1a) 0+ (1—0)u(qa)
S R—, TP I )

0+ (1—0)u(q1a)

which is 0 since it is equivalent to the money demand equation (2.6). Thus,

dSca 1 o (1= 0)(u(g1a) — ulqoa)) | .
dgia 0+ (1— e)u/(qm))z( —0) u'(qra) > 0. (2.27)
+ 0(q1a — qoa)

Therefore, G(es) > 0 when e = 1, e = €4, = 1. O

(c) First observe the value of a%,, o, and oy as e, — 0+. While o, = a, = 0 at
e = 0, this is not the case when e, — 0+. From the optimal entry decision by N-types

(2.11),

ec(l—ecl —0Snp/Sna+eclSnp/Sna
—(1—=¥¢)(—ex — Snp/Sna+ecSnp/Sna)

ey =
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Using this, as e, — 0+,

E) ec(l—el—LSNB/SNa+e fSNB/SNA
—(1—£)(—e—SNB/SNate-SNB/SNA)

1—0)en (1-
ac,y — lim (1= Oer — = lim
ec0+ leg + (1 —L)efy  eo=0+ leq. + (1 —1)

EC(1—6Cf—fSNB/SNA+GCZSNB/SNA
—(1-4)(—e—SNnB/Snate SnB/SNA)

. SNB SNB SNB
= 1 1 (—1+—"2)—FV——=1—1——= 1—-7/
ecgl%+ Fecl(=1+ SNA) Sna Sna (> )

ol , — lim 1=t
CA TS0 beg (1 —0)

On the other hand, ag continuously converges to its value, 1 — ¢, at e, = 0 as e, — 0+.

Hence, as e, — 0+, mal, + (1 — m)ad , > maly. Therefore,

R . / (1 = 0)(u(q1a) — u(qoa))
Sea =~ oA = (ﬂwe(qlA) <7WCA +- W)agA> elma) = 1)) +0(q1a — qoa)

+ L(u(goa) — qoa) + f(ma + (1 - W)Oéch>9<U(Q1A) —u(qoa) — q1a + C_I0A>

> = itoa = (oot (uan) = ) )(1 = 6)(ulara) = ulaon) + (o~ )

we((llA)

+ (u(goa) — qoa) + {madig0 (U(C]m) —u(qoa) — q1a + %A)

0
wo((hB)

> — igon (e mal (' (q1) 1))((1 — O)(ular5) — w(aon)) + 015 — qop))

+(ulqor) — qop) + gﬂagBe(“(ChB) —u(qB) — qip + CIOB> = Scs,

where the first inequality comes from
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(1 —0)(u(qra) — u(qoa))

[_ igoa — (ﬁﬁ (Wa?}A +(1- 7T)adCA> (u'(q1a) — 1))
+ 0(q1a — qoa)

+ €(u(goa) — qoa) + €<7T048A +(1- W)adCA>9<U(Q1A) —u(qoa) — qua + %A)]

= [ ina = (1 maana) = 1)) (0 ) (utar) — ulaon) + Ol — )

we(Qm)

+ 0(u(goa) — qoa) + EW&ZBQ(U(QM) —u(qoa) — ua + QOA>:|

_ (maga+ (1 = m)ag,) — madpl0(qia — qoa) (U(Q1A) —u(qoa) UI(QLA)) -0
0+ (1—0)u(qa) q1a — QoA ’

in which we used o, + (1 — m)ad , > maly and the strict concavity of u; and the sec-

ond inequality comes from that lim._ 01 qip < lim._ 04 q14 = ¢* and (2.26). Therefore,

G(eq) > 0 as e — 0+. O

(d) All we need to show is that one of a2 ,, a4, and ol is discontinuous at ec = 1. Here,

the discontinuity arises in afz. From the optimal entry decision by N-types (2.11),

60(1 — ecé — KSNB/SNA + BCKSNB/SNA
—(1=0)(—ec — Snp/Sna+ecSnp/Sna)

ey =

Using this, as e, — 1,

(1-001 —e})
tn — L
HOE T BT =) + (1= D(1 = )
(1 . f)(l ec(l—ef— 4SNB/SNA+60ZSNB/SNA))

— lim —(1-0)(—ec—SnB/SnatecSnB/Sna

e e~(1—el—0SnB/Sna+te~tSnB/S
I e 1 (1 (1 — Sl Sl

= hm 1+ 0(— 1—|—ec—eCSNA)—1—€M(> 1—1).
s SNB SNB
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On the other hand, oz = 0 at ec = 1. Now assume 7 — 1. Unlike oz, o, and af,
continuously converge to their values at ec = 1, which are both 1 —¢. Hence, as e, — 1 and

7 — 1, mak, + (1 —7m)ad, < maly. Therefore,

0

wa((hB)

SC’B = —iGoB — <5 770423(“/(6113) - 1))((1 — 0)(uw(qis) — ulqos)) + 0(q1B — CJOB))

+ (u(qoB) — qoB) + EWQZBH(U(QIB) —u(qoB) — 1B + QOB>

0 (1—=0)(u(g1s) — u(qon))

wa((hB)

>~ iton = (1 (o + (1= W) 0 an) = 1)

+0(q18 — qo0B)

+ L(u(qoB) — qoB) + 6(%0[’&1 + (1 - 7T)OédCA>9(U(Q1B) —u(qoB) — Q1B + QOB)

(WagA +(1- 7T)Oédc,4> (u'(q1a) — 1)

) (1 —6)(u(gra) — u(qoa))

> —iqgoa — | ¢
< WG(QlA)
+60(q14a — qoa)

+ (u(goa) — qoa) + €<7TO%A + (1 — 7T)adCA>0<u(Q1A) —u(goa) — q1a + qOA) =Sca,
where the first inequality comes from

[— 1qoB — (é—we(zw) (7?0/(1;,4 + (1 - W)ach> (v (q1B) — 1)) O] = ulion)
+ 0(q18 — qoB)

+ £(u(qoB) — qoB) + €<77042~A + (1 - W)OédoA>9<U(ChB) —u(qB) — q1B + %Bﬂ

- [— iqoB — (5%(213)704753(“'(6113) - 1))((1 —0)(u(qip) — ul(qon)) + 0(qip — CJOB))

+ £(u(qoB) — qoB) + €7T0%39<U(Q1]3) —u(qB) — q1B + CIOB>]

U(magy + (1 = mad ) — mag5l0(as — wB) ((wlais) — w(qos) o
0+ (1—0)u(q1B) ( ¢1B — QoB (QIB)) =
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in which we used a4, + (1 — m)ad , < maly and the strict concavity of u; and the second
inequality comes from that lim, 1 g1a < lime_ 1 q1p = ¢ and (2.27). Therefore, G(e) < 0

as ex — 1. [

(e) From (c) and (d), we have lim.. 0y G(ec) > 0 > lim.,_,; G(ec) when m — 1. The
continuity of G immediately implies that there exists at least one robust interior equilibrium.

]

(f) All we need to show is that one of af ,, a, and afy is discontinuous at e, = 1. Here,

the discontinuity arises in ol ,. As ex — 0+,

1/
ol — lim

eq—0+ (leq + (1 —0))1=r =(1-0"

On the other hand, a4, = 0 at e, = 0. O

(g) All we need to show is that all a2 ,, a4 and al g continuously converge to their values

at e, = 1 as e, — 1. From the optimal entry decision by N-types (2.11),

1
(1_60)SNB/SNA 1—p
el

—(1-1) (1 + (_(1_ec)igB/SNA>1i/’) ‘

ey =

Then, as e, — 1,

o, = (1 — 6)6%
A (leg + (1= OeR)t=r
P
= ! i <1—6c€<1+<<—1+i>%)1p>> — 11
Sng \I—r €c NA
(-1 ) 52)
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. 1—¢
A (g + (1= 0)r

Y (1- 00 -e})
OB = W= eo) + (1 — DL — cj)) 7

— 1/

P
1 1 T
_ — ( —(1- ec)£<1 + ((—1 + 6—) —?NB) )) —0,
1 SNB 1=p C NA
(-1 ) 52)
and, at e, = ey =1,
(1—"0)ey
no— —1—7
YA g + (1= O)ep) =7
1—¢
O[dch = = 1 - g

(beq + (1 =)t

(1-00 —er)

B = T ep) 1 (L D)

Therefore, a4, o, and aly continuously converge to their values at e, = 1 as e, — 1,
and G(ey) also continuously converges to its value at e, = 1, which is greater than 0, as

ec — 1. O

2.A.7.2 When Safety Implies Liquidity

Proof of Proposition 2.2.
(a) Guess-and-verify: at 7 = 1, all the equilibrium equations are symmetric between the A
and B markets, so qoa = QoB, (14 = q1B, and L, = Lpg are satisfied. And ec = ey = 0.5

implies acq = acp as well as ays = anp, so symmetry is complete.

(b) In any interior equilibrium where ec € (0,1) and both assets are scarce and valued for

liquidity so that ¢14 < ¢*, 18 < ¢*, we can totally differentiate the equilibrium equations
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around the scarce-interior equilibrium:

Post-trade quantities (equations 7-8):

éecqu + (1 — ec)QOB o (1 - 9) (u(qw) — u(qu))
. 3 M eC
q14 = ming ¢, goa +

0

S_J\j%%A 4; (_16—060)(]03 —(1-9) (u(Q1B) - u(QOB))

¢ip = ming ¢*, qoB +

o

Focusing on the scarce branch, total differentiate yields

wp(q14) _ Sa/M + we(goa) Sal—ec 5S4 o
0 dgia = 7 dgoa + M eod dqon M 20 dec (2.28)
wo(q1B) Sp/M + wy(qoB) Sp  ec B QoA
d = d — — 2.29
9 Q1B 0 qoB + M(1—e0)d doa + M (1= )6 ec (2.29)

Money demand (equations 5-6):

i = 0(1 — 0aic;) (' (q0;) — 1) + eeiZEZﬁﬁ@mm’(qu) —1),

which is equivalent to
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where

we(q) = 0+ (1 —0)u'(q)
aoa =magy, + (1 — 71')04ch

= — n
OcB = TOop-

Total differentiation yields

0
0="0(1———ac; ) u"(q;) dgo;
(1= ayes) o)
0 (o Canwolan) — (4 (ary) — o oy la,) )y
we(q17)?
0
¢ (1) = ' (qo7)) déics; 2.
) — o) dac 230
Liquidity premium:
Define a new variable:
Li=0—" G ((g)—1), j—AB
T Nuglgry) N R

where Ly = Ly = (1+i)ps—1and L = nLg = (1 +4)pg — 7. Total differentiation yields

B 0 ) u"(Q1j)w9(Q1j) 0 . - ‘
dL; = {———ac; dgij +———(u'(q1j) — 1) dac;, j=A,B

— (W (q1;) — Dwy(ary) wo(d15)
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C’s entry choice (equations following equation 9):

Scj = Q(“(Chj) —u(qoj) — quj + CJOj>

Scj = —iqo; — L <(1 — 0)(u(qiy) — ulqo;)) + 0(qr; — QOj)> + 0(u(qo;) — qoj) + Lac;iScy
Total differentiation yields

dScj = 0(u' (q1;) — 1) dgrj; — 0(u'(qo;) — 1) dqo,
dSc; = — ((1 — 0)(u(qry) — u(qoy)) + 0(qr; — qu))dEj +4Sc;j dac;

+ ( — i+ Ljwy(qo;) + €(u/(q05) — 1)>qu1 — Ljwe(q1;) dar; + Laic; dSc;

where

/N

— i+ Ljwg(qo;) + (v (qo;) — 1))quj — Ljwy(q15) dgr; + Lac; dSc;

/N

— i+ Ljwg(qo;) + 0(u' (qog) — 1) — Lac;0(u' (qo;) — 1))dq0j

+

( — Lijwg(q1;) + Lac;0(u (qi;) — 1)>dCIlj

since the coefficient of dqo; is equivalent to the first-version money demand. Thus,
dSc; = — ((1 — 0)(u(qus) — u(qoy)) + 0(qus — %j))dij + (S dac;
Therefore, we have
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Glec) = SCA - SCB
and total differentiation yields

dG = dSc s — dScp
= — ((1 —0)(u(qra) — u(goa)) +60(q1a — %A))dEA + (Scadaca

+ ((1 —0)(u(qiB) — u(qom)) + 0(q1B — QOB)>dEB —{Scpdacs

N’s entry choice (equations following equation 10):

n n
Ay aSNa = AypSNB

Snj=(1-10) <U(Q1j) — u(qoj) — quj + C_I0j>
Total differentiation yields

SNA dOéR;A + a?VA dSNA = SNB dOZ?VB + OZ?VB dSNB

dSy;j = (1= 0)('(q1;) — 1) dgr; — (1 — 0)(u'(qo5) — 1) dgo;

Thus,

Snaday, + oy, (1 —0)(u'(qra) — 1) dgra — oy (1 — 0) (v (goa) — 1) dgoa

= Snpdayp + ayp(l —0)(W(qip) — 1) dais — ayp(l — 0)(W(qo5) — 1) dgos
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Matching probabilities (Section 3.2):

aga = en(1—0) ey (1—0) +ecl]”

agp =1 —ey)1 =01 —ep)(1 =0+ (1 —ec)]™
aya = ecl [e (1= 0) +ecl]’™

alp =1 —ec)l[(1—e)(1 =0+ (1 —ec))

oy =(1=0[(1 =) +ecl)™

afva = eol [(1 = £) + el

d _ d _
aop = ayp =10

Total differentiation yields

daf, = — (1= p)l(1 — L)y [eh(1 — ) + ecl])’ dec

; [“ (L= )= 07 (1= 0) + ecfr-?} e’
N

dofp = (1= p)0(1 = £)(1 — e [(1 — ef) (1 — €) + (1 — ec)]* 2 dec

- [O‘— 11— 21— ) [ — )= )+ (1 ecw-?] ac,

_.n
1—e}

day 4, = [Ofez\;A — (1= p)lPecen(l —0) + ecﬁ]pz] dec

— (1= p)(1 = Olec [y (1 —€) 4+ ecl]P~2 det;

oty = = [ 12— (1= )= o) (1= R)1 - 0+ (1= ec)r | dec

+(1=p)(1 =01 —ec) [(1—ex)(1 = 0) + (1 —ec)] " de}y
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dod , = —(1—p)l(1 =) [(1 = £) + ecl) % dec
dad, , = O;LA — (1= p)ec [(1 =€) + ecl]2| dec
C

Therefore, we have

dacs = mdag, + (1 —W)dach+ (agA—ach)dﬂ

docp = mdogp + afpgdr

Now restrict attention to the symmetric equilibrium with CRS matching. If Sy = S = S
and m — 1, then a symmetric equilibrium exists where ec = e}, = 1/2. When p = 0, the

matching probabilities becomes

— — n n
Qoa=0Qep=0ap, =apg=1—1

2(1— 0)
Qop = 2_€
L
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which in turn implies go4 = qop = qo and ¢14 = ¢15 = ¢1. Total differentiation yields

dagy = —dapg = —daly, = daNg = — 20(1 — 0) dec + 20(1 — 0) dey
9\ 2
dad , = —da% 4, = —(1 =)l (Té) dec

Assuming CRS matching (p = 0), put together (2.28), (2.29), (2.30), (2.31), (2.32) in matrix

form:
Au = bdm, (2.33)
where:
_ - o [ ]
a —a —-b 0 —c 0 dec 2(2-1)
a
—a a 0 —-b 0 —c de; 2
-2 0 —¢ 0 §f g dqia 0
A= ) u = ) b= ’
o 0 0 —e g f dg15 0
ho—h § - —t ¢ dgoa 0
-m m n -n 0 O dqop m
) ) ) ) | 20(2 - 1) |
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and:

2(1 = 0)00[u' (qo) — u'(q1)]

wy(q1) 7
_ <1 — E)ng(qo) o
b= wO(CIl)Q (Ch)a
B _69 + (1 - Z)u’(ql)u,,
¢ = we((h) (QD)>
5= 4QO*Z’/M7
. wo(eql)’
- S/M + wy(qo)
= 7 7
)
u(qr) — u(qo) — g1+ qo’
o vl -1

uw(qr) —u(q) —q1 + qo’

m— 4(1 - £)€29[U(Q1) —u(q) — (@1 — )/ (q1)]
we(q1) ’

(1= 0)00[(1 = 0)(u(q1) — u(qo)) + 0(q: — qo)]u,,(q )

we(Q1)2 b

n=—

Note that a to n are all positive. With a symbolic software package, it is easy to check that

the solution is given by:
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_ —cehm — bfhm + bghm + 2afhn — 2aghn
40(—2 + £)4(cjm + btm + chn — 2akn)

cehm + bfhm — bghm — 2cdjm — 260¢m — 2afhn + 2aghn + 4adén
40(—2 + £)€(cjm + bem + chn — 2atn)

c?ebm + befhm + beghm — 2acfjm — 2acgim — 2abfem — 2abgém
+2acfifm + 2acgjfm + 2abfelm + 2abgtfm — 2acfhn — 2acghn + 4a’fen

+4a’gen + 2acfhin + 2acghfn — 4a?feln — 4a’glin

4(ce 4 bf + bg)(—2 + £)¢(cjm + btm + chn — 2atn)

—c2ehm — befhm — beghm — 2acfim — 2acgim — 2abfém — 2abgém
+2acfifm + 2acgifm + 2abfe/m + 2abgt/m — 2acfhn — 2acghn + 4a%fen

+4a’gen + 2acfhin + 2acghfn — 4a’feln — 4a’glin

4(ce + bf 4+ bg)(—2 + )¢(cjm + btm + chn — 2atn)

—beehm — b2fhm — b2ghm — 2acejm — 2abebm + 2acejfm

+2abetlm + 2abfhn + 2abghn + 4a’etn + 2acehfn — 4a%etln

4(ce + bf 4+ bg)(—2 + £)¢(cjm + btm + chn — 2atn)

—beehm — b2fhm — b2Zghm + 2acejm + 2abetm — 2acej/m — 2abet/m

+4acehn + 2abfhn + 2abghn — 4a%ebn — 2acehfn + 4a®etln

4(ce + bf + bg)(—2 + £)¢(cjm + btm + chn — 2akn)

Now, look at the liquidity premium:

Ly = by + (1 = w)aha) (' (a1a) =
0
Lp = Ewe(qlB)aCB(u (@iB) — 1).
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Total differentiation, when © — 1 in the symmetric equilibrium, yields

u//(ql)

we( q1

)?
B ul/( 1)
dLp =10, 53

u(q)
wo(q

u'(q) —
()da

1 "(q1) — 1
AL, = (0 abadaia + 0= s (0 - ol yr+ 09" L gon

wy(q1)

Therefore,

dLy —dLp

U”(Ql) U/(Ch) -1 d Ul(ﬁh) —1
= /0 dgia —d + 00— (o, — a% 4 )dm + 00— (da’ , — datp).
we(Q1)2( 414 ¢1B) wo(q1) (aia ca) wal(qr) (dagi4 eB)

Since:
aga=1—10 o, = 2(21—_6)’ and dag, = —dagy = —2((1 — 0)(dec — dely),
we get:
dLa —dLp
_ 69%(61(]1,4 —dqp) — ee“lfu‘f()ql_) ! 6(21_ ? dr — 40010 () _) Lo = 0)(dec — den).

In order to have dL 4, —dLg < 0, we want each term in dL 4 —dLpg to be negative. The second
term is obviously negative. To determine the sign of the first term, look at dg; 4 —dq; 5. From

(2.34),
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chm
2 — 0)0(cjm + bbm + chn — 2atn)’

dgia —dqip = o

The sign of dg;4 — dg1g depends on that of ¢jm + btm + chn — 2akn in the denominator. We

define:

D = ¢m+ bfm + chn — 2atn

oo (1 2 gty

wo(q1)

= [46(1 - g)wg(ql)

—u" _ (1 — 6)0 _ _UN(QI) 0 _ o (1 — 6)0 ' . S_O
(%) (1 “wa(q) )(1 0) wola) S (ql)—we(qﬂ £(u'(q0) — 1) 5|

where:

S=u(g) —u(@) — ¢ +q >0

SO

(1= 0)(u(g) — ulqo)) + 0(q1 — go) > 0

St =u(q) —u(g) — v (q1)(g1 — q) > 0

S = u(q) — u(qo) — v (qo) (@1 — qo) < 0.

St > 0 and S° < 0 due to the strict concavity of u. For the first term in dL4 — dLg to be
negative, we want ® > 0 so that dg;4 — dg1p > 0. The first and the second terms in the
second bracket in D are positive, whereas the third term is negative. If § — 0 or £(1—¢) — 0,
then ® > 0. In case of quadratic utility, u(q) = (1 + v)q — ¢*/2 with ¢* = 7, we can show
that © > 0 is always the case for all (¢, ). First, observe the following from the sum of the

second and the third terms in the second bracket in ©:
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—d" o (1 — 6)0 _ _u”(ql) 0 _ (1 — 6)9 o _ S_O
) (1= 520 (- 0 B S D) - 1)

> — " (qo)l(1 - 0) —u@) go u"(ql)wé(u’(qo) _ 1)5_0

wg(ql) w9(ql) S
o _u”<QI> _ l —u” 0 u — 0
=l (1= 05 [0 @)S"S + (o a0) — 19S°],

where the first inequality comes from u/(¢1) = 1+ ¢* — ¢ > 1 > £. Denote Y(0)

—u"(q0)SS + (u'(go) — 1)0S°. Observe that T(6 = 0) = —u"(qo)(u(q1) — u(q))S > 0;
YO =1)= (g1 —q)*(¢" —q1)/2 > 0; and dY/df = (u'(qo) —1)S° + S?u”"(q0) < 0. Therefore,
T > 0 and ® > 0. For other cases, including log utility, we verified numerically and could
not find any case where ® > 0 is not satisfied. ® > 0 implies that dg; 4 — dg;g5 > 0 and that
the first term in dL4 — dLpg is negative.

To determine the sign of the last term in L, — dLpg, look at dec — dely. From (2.34),

_ ¢gm + btm — 2atn

dec — de?y =
o~ aeN 22— (D

Since ® > 0, the sign of dec — de’y; depends on that of ¢jm + btm — 2atn in the numerator:

0
¢m + bém — 2atn = {4@2(1 —£)w e )}
o(q

" (1 — E)e / St " (1 — 6)9 / S°
[ (1= 200 i - 0% -t R - 0% |

For the third term in dL4 — dLp to be negative, we want c¢jm + btm — 2atn < 0 so that
dec — delyy > 0. The first term in the second bracket is positive, whereas the second term is

negative. From the equation, we can see that if (1 — /)0 is sufficiently large, cjm + btm — 2atn
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becomes negative, dec — deR, becomes positive, and the third term in dL4 — dLp becomes
negative. Below is the figure that numerically shows in the (¢,6) plane the parameter space

where the third term in dL4 — dLp is negative (A) and where it is not (B):

A A
A
0 0 0
B
B
B
0 0 0
0 g 1 0 g 1 0 f 1
Small asset supplies Medium asset supplies Large asset supplies

In region A, the third term in dL4 — dLp is negative, so all the components of dL, — dLp
are negative, while in region B the third term is positive. Under the sufficient condition
that (1 — ¢)@ is large enough, we will always be in region A so that all the components of
dL s — dLp become negative. Finally, dLs — dLp < 0 in turn implies that near 7 = 1 we

have L4 > Lp. ]
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Chapter 3

Financial Crises and R&D Dynamics

3.1 Introduction

The slow recovery has been documented as one of the stylized facts that characterize finan-
cial crises (e.g., Reinhart and Rogoff (2009), Jorda, Schularick, and Taylor (2013)). Many
attribute the slow recovery to persistent demand shortfalls. A sustained decline in spending
by borrowers in the process of deleveraging is one of the popular demand-side stories.

Meanwhile, recently, a number of authors started to consider supply-side factors for the
slow recovery after crises. For example, Reifschneider, Wascher, and Wilcox (2015) observes
from the recent financial crisis a huge loss in productivity that reflects a steep decline in
capital accumulation and slower growth in multifactor productivity. Queralto (2016) argues
that a decline in productivity was also the case for emerging countries. Using the sample
of East Asia financial crises in 1990s, he shows that there was a sustained drop in labor
productivity in those episodes.

The natural question that follows is what led to the productivity slowdown after crises.
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The literature has been developed to the direction toward impacts of crises on productivity-
enhancing investment, such as research and development (R&D). There could be two hy-
potheses. One is that a reduction in R&D, and the other is a reduction in R&D effectiveness,
which could be affected by who is doing R&D or driven by an exogenous shock on the R&D
effectiveness. In other words, the former is related to the level of R&D, while the latter is
related to the efficiency of R&D. Although, when it comes to general capital accumulating
investment, there are a series of papers that consider the efficiency effects through misal-
location (e.g., Midrigan and Xu (2014), Buera and Moll (2015), Gopinath, Kalemli-Ozcan,
Karabarbounis, and Villegas-Sanchez (2017)), the literature that tries to relate R&D to busi-
ness cycle and productivity fluctuations has been focusing on the level effects. The literature
on R&D and business cycles combines the growth theories with the business cycle frame-
works. For example, Anzoategui, Comin, Gertler, and Martinez (2017) use the expanding
variety model of Romer (1990), and Garga and Singh (2017) use the quality ladder model of
Aghion and Howitt (1992). Both focus on the level effects of crises on R&D. That is, their
stories are that after crises, the level of R&D decreases, and this leads to the productivity
slowdown.

Which channel between the level and the efficiency effects is more relevant should be
an empirical question. However, so far there is no research that tried to identify this.
Anzoategui, Comin, Gertler, and Martinez (2017) and Garga and Singh (2017) are trying to
justify their approaches that focus on the level effects by plotting R&D over the years for
the case of the United States. However, it is hard to say, based on a single time-series plot,
what they provide is decisive evidence. Thus, we need to examine the effects of crises on

R&D in a more rigorous way and with a broader set of data observations.
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This paper contributes to the literature by trying to answer this question. Using the
panel dataset on the 30 OECD countries over the years 1981-2016, I examine the effects
of business cycle fluctuations, focusing on normal recessions and financial crises, on R&D
investment, using local projections. The responses of R&D to recessions are in a sharp
contrast with the responses of other variables, such as output and non-R&D investment. It
is well established that recessions are bad times for output and investment, with financial
crises being more painful and followed by slower recovery, and indeed we can see this also
from the analysis here. However, most of the responses of investment are coming from its
non-R&D portion. I could not find statistically significant evidence that the level of R&D
activities decrease after recessions or crises. R&D investment is overall unresponsive to
recessions, even to financial crises. This result suggests that, when one wishes to incorporate
R&D activities into the business cycle models, it should be modelled in the way that the
productivity slowdown that results from crises should be driven not through a decline in the
level of R&D but rather through a decline in the efficiency of R&D.

Although this paper suggests some evidence that changes in the R&D effectiveness is
more relevant channel, whether a decline in the R&D efficiency is an endogenous feature
from misallocation of R&D resources across heterogenous firms or it is coming from an
exogenous shock on R&D productivity is another question, and this paper does not answer
to this question. To answer this question, more micro-level data is required to observe what is
happening across heterogenous firms. While more focusing on the decline in the level of R&D,
actually in their model Anzoategui, Comin, Gertler, and Martinez (2017) also incorporates
an exogenous shock to R&D efficiency, and they show some independent evidence that there

is a decline in R&D productivity after crises based on the measure of R&D productivity as
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the number of patent applications relative to the number of R&D researchers. However, this
evidence does not necessarily support their view that the decline in the R&D efficiency is a
result of an exogenous shock to it. Without further firm-level evidence, it could be equally
plausible that the decline in R&D efficiency was resulted from an endogenous misallocation
of R&D resources across firms. We need to see firm-level data to see whether the decline in
R&D productivity is coming from an exogenous shock to the economy or it is an endogenous
phenomenon from misasllocation of R&D resources across heterogeneous firms. I turn this
to future research.

The rest of the paper is organized as follows. Section 2 explains about the constructed
dataset. Section 3 analyzes the responses of macroeconomic variables, to recessions and

financial crises, with a main focus on R&D variables. Section 4 concludes.

3.2 Business Cycle

3.2.1 Data

In order to examine the dynamics of R&D along business cycles, especially the responses of
R&D investment to normal and financial recessions, R&D related data was collected for 30
OECD countries over the years 1981-2016, among which 23 are advanced and 7 are emerging
countries. The twenty-three advanced countries included are Australia, Austria, Belgium,
Canada, Switzerland, Germany, Denmark, Spain, Finland, France, the United Kingdom,
Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway, New Zealand,

Portugal, Sweden and the United States of America. The seven emerging countries included
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are Czech Republic, Estonia, Hungary, Israel, Latvia, Mexico and Slovenia.'

The R&D related data are aggregate R&D investment, R&D investment by firms, R&D
investment by the government, and the number of researchers per 1,000 people employed.
The main focus is R&D investment by firms, but all the results are going through all the
R&D related variables in a robust way.

Other variables used for analysis include national accounts data on real GDP per capita,
investment, price levels and inflation, short- and long-term interest rates on government
securities (usually 3 months tenor at the short end, and 5 years at the long end). For most
indicators, I relied on the Jorda—Schularick-Taylor (JST) Macrohistory Database, which
covers the period 1870-2013. For the countries not included in the JST Database and for
the recent period 2014-2016 not covered by the JST Database, I collected data from the
same sources documented in the accompanied documentation.?

The other main variable is the financial crisis years, defined by the JST Database.
Financial recessions are referred to as recessions that coincided with financial crisis. The
other recessions that did not coincide with financial crisis will be referred to as normal
recessions. For the countries not included in the JST Database, financial recession dates
were collected from the systemic banking crisis years in Laeven and Valencia (2012).

The sources of the variables used are listed in Data Appendix in detail.

1T separated the countries into advanced and emerging countries according to their membership starting
dates. Among 23 countries classified as advanced countries, the last to join was New Zealand in 1973. Among
7 countries classified as emerging countries, the first to join was Mexico in 1994. The rest of 6 countries
joined subsequently in 1995 (Czech Republic), 1996 (Hungary), 2010 (Estonia, Israel, Slovenia) and 2016
(Latvia). Because the seven countries were not the members of the OECD for the significant period out
of the whole period 1981-2016 when the R&D related data is available, I classified those seven countries
as emerging countries. But all the results presented in this paper remain almost same whether focusing
on advanced countries or emerging countries, or both. Hence, the classification of advanced and emerging
countries, in the end, is immaterial.

2The 13 countries not covered by the JST Databse are Austria, Czech Republic, Estonia, Greece, Hun-
gary, Ireland, Iceland, Israel, Latvia, Luxembourg, Mexico, New Zealand and Slovenia.
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3.2.2 Chronology of Turning Points in Economic Activity

As is indicated in Jorda, Schularick, and Taylor (2013), while the NBER keeps records of
the US business cycles, most countries do not have agencies that determine turning points
in economic activity. For the countries not included in the JST Database, following Jorda,
Schularick, and Taylor (2011), I use the Bry and Boschan (1971) algorithm to identify peaks
and troughs. Using the OECD quarterly GDP data, the algorithm identifies potential turning
points as the local minima and maxima in the series. Following Harding and Pagan (2002),
candidate points must then satisfy two conditions: phases are at least 2 quarters long, and
complete cycles are at least 5 quarters long. The number of observations on both sides over
which local minima and maxima are computed is set to 2.3

After peaks are identified as local maxima, recessions were sorted into two types: those
that were associated with financial crises and those that were not. The resulting chronology
of business cycle peaks is shown in Table 3.A.1, where “N” denotes normal peaks, and “F”
denotes peaks associated with a systemic financial crises. Total 150 peaks are identified over
the years 1981-2016 in the 30-country sample in Table 3.A.1. Summary statistics are given
in Table 3.A.2. Among all, 36 are financial recessions and 114 are normal recessions. The
number of recessions in 23 advanced countries are total 125, among which 26 are financial
recessions and 99 are normal recessions. The number of recessions in 7 emerging countries

are 25, among which 10 are financial recessions and 15 are normal recessions.*

3Quarterly GDP data in 1980s is not available for a number of European countries: Austria, Belgium,
Czech Republic, Denmark, Estonia, Finland, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy,
Japan, Latvia, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Portugal, Slovenia, Spain, Sweden,
Switzerland and the United Kingdom. For these countries, business cycle peaks could not be identified in
that early period. This is why there are no peaks in 1980s listed for these countries in Table 3.A.1.

4In Jorda, Schularick, and Taylor (2013), which covered 14 advanced countries, the mean of financial
recession indicator was 0.22, while here I have 0.24 for all 30 countries and 0.20 for 23 advanced countries.
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3.3 Dynamics of R&D

3.3.1 Methodology

The main message of Jorda, Schularick, and Taylor (2013) is that relative to typical reces-
sions, financial crisis recessions are costlier and more painful to all aspects of economy, such
as output and investment, followed by deeper recessions and slower recoveries. The key ques-
tion of this paper is whether this is also the case for R&D investment. Overall movements
of growth rates of R&D investment in the sample period 1981-2016 are shown in Figure
3.1, along with growth rates of real GDP per capita. Overall movements of changes in the
number of researchers per 1,000 employed are shown in Figure 3.2.

To answer the question rigorously, making use of the dataset consisting of 150 business
cycles peaks in 30 OECD countries in 1981-2016, I examine responses of R&D investment
to the onset of the recession in the subsequent recession and recovery phases that follow the
peak. The methodology follows Jorda, Schularick, and Taylor (2013). For completeness, the
empirical strategy is presented here again.

The local projection method by Jorda (2005) is used in estimation. The macroeco-
nomic variables included in the economic system that is analyzed are as follows: real GDP
per capita; aggregate real investment per capita and real R&D investment per capita; real
investment per capita and real R&D investment per capita by firms; real investment per
capita and real R&D investment per capita by the government; the number of researchers
per 1,000 people employed; real short- and long-term interest rates.

We are interested in the changes in the levels in postpeak years of the variables of

interest relative to their levels in the peak year. Hence, the peak year reference levels are
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set to 0, and deviations from that references in each of the postpeak years are measured in
terms of percentage point changes. the change measure is then given by the difference in the
logarithm of variables times 100 for GDP, investment and R&D variables, and by the simple
time difference in raw variables for the number of researchers per 1,000 people employed and
interest rates.

Now the notations are formally introduced. Let i be the country index, ¢(r) the time
index when recessions occurred, and k the variable index for the macroeconomic variables.
We want to characterize the changes in the macroeconomic variables from the start of the
recession to some distant horizon H, that is, from time ¢(r) to t(r)+H. Let y*, k =1,... K,

denote each of the macroeconomic variables. Here we have 10 main variables:

— y! _ _ log(real GDP per capita) * 100 |
y? log(real investment per capita) % 100
y? log(real R&D investment per capita) * 100
yt log(real firm investment per capita) x 100
y° log(real firm R&D investment per capita) * 100
Y0 i log(real government investment per capita) * 100
Y’ log(real government R&D investment per capita) x 100
Y8 the number of researchers per 1,000 people employed
i real short-term interest rates
yt0 real long-term interest rates
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The dependent variables are [Ahyilt(r) h Ahyilt[zr) +n)s where Ay indicates the difference be-
tween the reference peak year level at time ¢(r) and the level in the Ath, h = 1, ..., H, horizon
at time ¢(r)+h. The control variables are Yy, . . ., Vi) —p, Where Vi) = [Aytl(r) Ayf(r) Ayf(r)
Ayf(r) Ayf(r) Ayf(r) A?/Z(r) yf(r) yf(r) ytl(OT)] and A is the first difference. The responses of the

macroeconomic variables are estimated by

P
Apylhyin = of +0F yN + 05 o F + > Ty +uly,y, k=1,...,10, h=1,... H,
j=0

k

where o are country fixed effects. The key treatment variables are the indicators for whether
the peak comes before a normal recession or a financial recession. 6%; is the common constant
associated with normal recession treatment (N = 1), and 6% is the constant associated with
financial recession treatment (F = 1). A history of p lags of the control variables Y at time
t(r) are included with coefficients I'; and w is the error term. The cumulated responses of
each variable to normal/financial recessions are estimated by {6f y}/_, and {6} . };_,. For

each impulse response, 1.96 standard deviation confidence intervals are presented. H = 8

and p = 2 are used.

3.3.2 Results

The estimated cumulated responses of the macroeconomic variables are depicted in Figures
3.3 and 3.4. Figure 3.3 uses all countries, and Figure 3.4 focuses on advanced countries.
The first half of the results are the cumulated responses of 10 level variables, which are
shown in the following order: real GDP per capita, real investment per capita, real non-

R&D investment per capita, real R&D investment per capita, real investment per capita by
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firms, real non-R&D investment per capita by firms, real R&D investment per capita by
firms, real investment per capita by the government, real non-R&D investment per capita
by the government, and real R&D investment per capita by the government. The sec-
ond half of the results are the cumulated responses of 9 ratio variables, which focus on
R&D investment and are shown in the following order: R&D investment-to-GDP ratio,
R&D investment-to-total investment ratio, firm R&D investment-to-GDP ratio, firm R&D
investment-to-total investment ratio, firm R&D investment-to-firm investment ratio, govern-
ment R&D investment-to-GDP ratio, government R&D investment-to-total investment ratio,
government R&D investment-to-government investment ratio, and the number of researchers
per 1,000 employed.

The results on real GDP per capita and real investment per capita are consistent with
Jorda, Schularick, and Taylor (2013). Along the path upon recessions, financial recessions
are more painful and followed by slower recovery. The path after normal recessions sits well
above the path after financial recessions. This is true also for real investment per capita by
firms and the government.

However, things get different when it comes to R&D investment. The aggregate real
R&D investment per capita and real R&D investment per capita by firms and the government
are in general unresponsive. The estimates along the path are not statistically significantly
different from zero. The path after normal recessions does not necessarily sit above the path
after financial recessions. In the horizons close to the reference peak year, the path after
normal recessions even sits below the path after financial recessions.

The unresponsiveness of R&D investment can be seen more dramatically when the re-

sults are shown in terms of ratios. For R&D investment by the aggregate economy, firms and
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the government relative to GDP, aggregate investment and their own total investment, the
paths after normal and financial recessions are now flipped to what we would expect. The
path after financial recessions sits above the path after normal recessions. Moreover, the
paths are not any more sloping downward. Rather, they look like slightly sloping upward.
Indeed, the point estimates along the path of the ratio variables are positive, although they
are not statistically significant. It is because R&D variables, which are in the numerator of
the ratios, are unresponsive while GDP and aggregate investment, which are in the denom-
inator of the ratios, are decreasing after recessions. So, the ratios increase. These results
hold both for all countries and advanced countries only.

We can observe similar responses to those of the ratio variables also from the number
of researchers per 1,000 employed. The point estimates of the cumulated responses over
horizons of the number of researchers per 1,000 employed are positive. Some of them in
the early horizons after normal recessions are statistically significant, and almost all after
financial recessions are statistically significant.

Thus, we learned from the analysis that the responses of R&D investment to recessions
are in a sharp contrast with the responses of non-R&D investment. Recessions are bad
times for investment in general, with financial recessions being more painful and followed
by slower recovery. While this is true, most of the responses are coming from the responses
of the non-R&D part of investment. R&D investment is overall unresponsive to recessions,
even to financial recessions. This result suggests that the recently documented productivity
slowdown after financial crises is not from a decline in the level of R&D, but rather from a

decline in the R&D effectiveness.
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3.3.3 Discussion

5 So, what could be the rationale behind the persistence of R&D activities? Thinking in
the framework of a type of Bloom (2009), we could conjecture that R&D adjustment costs
would play a significant role. A possible story is that there exist huge R&D adjustment
costs in hiring researchers. It should be relatively easy to adjust capital stock in that selling
capital stock in bad times and buying in good times would not be difficult even in a large scale
adjustment. On the contrary, it is hard to imagine easily being able to hire a bunch of quality
researchers at one time. Unlike low-quality labor force, there are not many replacements in
the hiring market for researchers. This might be the reason why firms get reluctant in firing
researchers and cutting down their R&D investment during bad times since, if they do so,
it would be hard to go back to the optimal level or to the original trend once the economy
recovers.® How high the adjustment costs would be is another question to be explored. As
Bloom (2009) structurally measures capital and labor adjustment costs using a micro-level
data, we would need a firm-level R&D related data in order to measure R&D adjustment

costs.

3.4 Conclusion

The slow recovery after financial crises is one of the stylized facts that characterize the after-

math of financial crises. Recent literature documents that the slow recovery is largely from

5T use this subsection for very preliminary discussion on possible theoretical explanations for the result
of the unresponsiveness of R&D to recessions.

6 An extreme example that we could imagine would be that, if we assume that firms can hire at most one
researcher at one time, firing one researchers at one point of time means having one less researchers forever
in the future.
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the slowdown in the productivity. Two hypotheses that could lead to the productivity slow-
down are that the level of R&D has decreased after financial crises and that the effectiveness
of R&D has decreased after financial crises. Recent literature tries to rationalize the produc-
tivity slowdown after financial crises by incorporating R&D and endogenous productivity
changes into the business cycle frameworks. In so doing, which channel is more empirically
relevant between the level effects and the effectiveness effects is an important question. This
paper contributes to the literature by answering this question. Using the 30-OECD-country
panel dataset over the years 1981-2016 and estimating by local projections, it is hard to find
evidence of the level effects to R&D. While recessions are bad times for output and invest-
ment in general, most of the responses are coming from the non-R&D part of investment.
R&D is overall unresponsive to recessions, even to financial crises. This result suggests that
the productivity slowdown after financial crises is not from a decline in the level of R&D, but
rather from a decline in R&D efficiency. Whether this decline in R&D efficiency is coming
an exogenous shock to the economy or it is an endogenous phenomenon that results from
misallocation of R&D resources across heterogenous firms is another question that should be
explored. To answer this question, we need micro firm-level data, and I turn this to future

research.
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3.A Data Appendix

This appendix documents the sources of the R&D variables used to build the dataset.

Real REID investment per capita. OECD.Stat; Science, Technology and Patents; Research
and Development Statistics; Historical Series; Gross domestic expenditure on R-D by sector
of performance and source of funds; Measure: 2010 Dollars—Constant prices and PPPs;

Sector of performance: Total intramural, Business enterprise, Government.

http://stats.oecd.org/Index.aspx?DataSetCode=GERD_FUNDS

Number of researchers per 1,000 employed. OECD Data; Innovation and Technology; Re-

search and development (R&D); Researchers. https://data.oecd.org/rd/researchers.htm
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3.B Tables and Figures

Table 3.A.1. Business cycles peaks.

“N” denotes a normal business cycle peak, and “F”
denotes a peak associated with a financial crisis. Business cycle peaks identified by the Bry
and Boschan (1971) algorithm are classified into N or F, using crises dates in the Jorda—
Schularick-Taylor Macrohistory Database and Laeven and Valencia (2012).
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Table 3.1 (Continued). Business cycles peaks. “N” denotes a normal business cycle peak,
and “F” denotes a peak associated with a financial crisis. Business cycle peaks identified by
the Bry and Boschan (1971) algorithm are classified into N or F, using crises dates in the
Jorda—Schularick-Taylor Macrohistory Database and Laeven and Valencia (2012).
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Table 3.A.2. Summary statistics for the treatment variables. The annual sample runs from
1981 to 2016 for 30 countries, among which 23 are advanced countries and 7 are emerging
countries.

All Financial Normal
All countries recessions recessions recessions
Financial recession indicator (F'), mean 0.24 1 0
Observations 150 36 114
Normal recession indicator (F'), mean 0.76 0 1
Observations 150 36 114

All Financial Normal
Advanced countries recessions recessions recessions
Financial recession indicator (F), mean 0.20 1 0
Observations 125 26 99
Normal recession indicator (F'), mean 0.80 0 1
Observations 125 26 99

All Financial Normal
Emerging countries recessions recessions recessions
Financial recession indicator (F), mean 0.4 1 0
Observations 25 10 15
Normal recession indicator (F'), mean 0.6 0 1
Observations 25 10 15
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Figure 3.1. Growth rates of real GDP per capita and R&D investment of 23 advanced
countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—Taylor
Macrohistory Database. R&D data is from the OECD. Countries are in the following or-
der: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Finland,
France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway, New
Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,
New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,
New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,
New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,
New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.

219



Portugal

Growth Rate

1980 1985 1990 1995 2000 2005 2010 2015

Sweden

Growth Rate

1980 1985 1990 1995 2000 2005 2010 2015

R&D

Real GDP per capita

Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,

New Zealand, Portugal, Sweden, USA.
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Figure 3.1 (Continued). Growth rates of real GDP per capita and R&D investment of 23
advanced countries in 1981-2016. Real GDP per capita data is from the Jorda—Schularick—
Taylor Macrohistory Database. R&D data is from the OECD. Countries are in the following
order: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Fin-
land, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg, Netherlands, Norway,
New Zealand, Portugal, Sweden, USA.
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Figure 3.2. Growth rates of real GDP per capita and the number of researchers per 1,000
employed of 23 advanced countries in 1981-2016. Researcher data is from the OECD. Coun-
tries are in the following order: Australia, Austria, Belgium, Canada, Switzerland, Germany,
Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan, Luxembourg,
Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.

224



Denmark

1 2 3 4 5

Growth Rate
-1 0

4 3 2

-5

1980 1985 1990 1995 2000 2005 2010 2015

Spain

Growth Rate
-1
|

-2
|

-3
|

-4
1

1980 1985 1990 1995 2000 2005 2010 2015

Number of researchers

Real GDP per capita

Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.2 (Continued). Growth rates of real GDP per capita and the number of researchers
per 1,000 employed of 23 advanced countries in 1981-2016. Researcher data is from the
OECD. Countries are in the following order: Australia, Austria, Belgium, Canada, Switzer-
land, Germany, Denmark, Spain, Finland, France, UK, Greece, Ireland, Iceland, Italy, Japan,
Luxembourg, Netherlands, Norway, New Zealand, Portugal, Sweden, USA.
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Figure 3.3. Cumulated responses of all countries that correspond to {6y y}5_, and {6 »}5_,
in Apyfypyn = @i + 05 v N+ 05 o F + Z?:o T3Yis(r)—j + ufy,y, estimated by local projections.
The vertical axis shows the percentage point changes from the reference peak year level.
Circled black markers show the path upon normal recessions, and squared red markers show
the path upon financial recessions. For each impulse response, 1.96 standard deviation
confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {6F 15y in Apylb = o408 G N+0F o F+370 ThY_j+ul,), estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,

and {0} iy i Anyls ., = af+9}’§7NN+9ﬁ7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard

deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {0} iy i Anyls ., = af+9}'§7NN+9’,§7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {0} iy i Anyls ., = af+9}'§7NN+9’,§7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {6F 15y in Apylb = o408 G N+0F o F+370 ThY_j+ul,), estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {0} iy i Anyls ., = af+9}'§7NN+9’,§7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {0} iy i Anyls ., = af+9}'§7NN+9’,§7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {0} iy i Anyls ., = af+9}'§7NN+9’,§7FF+Z§:0 T3 Yis(r)—j +ly,y, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red

markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.

242



Researchers per 1,000 employed

—e—— Normal —®— Financial

Figure 3.3 (Continued). Cumulated responses of all countries that correspond to {07 y}5_,
and {6} x}5_, in Ahyft(th =af +9ﬁ’NN+9,’§7FF—I—Z§:0 Y —I—uft(r), estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red

markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4. Cumulated responses of advanced countries that correspond to {9,’2 ~N18_, and
{0h p Yot i ARyl = af + 05 NN + 07 o F + Z?:o T3 Yis(r)—j + Wy, estimated by local
projections. The vertical axis shows the percentage point changes from the reference peak
year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{08 N Yooy and {05 35, in Ayl L, = aF+0F \N+60F (P37 ThYi)_j+uly,), estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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Figure 3.4 (Continued). Cumulated responses of advanced countries that correspond to
{0] v o1 and {0} p}_; in AhyZ(r)Jrh = a§+9I’i,NN+9l’§,FF+Z§:O Fé?}/;t(r)—j—}_uft(r)’ estimated
by local projections. The vertical axis shows the percentage point changes from the reference
peak year level. Circled black markers show the path upon normal recessions, and squared red
markers show the path upon financial recessions. For each impulse response, 1.96 standard
deviation confidence intervals are presented.
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