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Abstract

In the post-crisis period, increased regulation of financial intermediaries led to a signifi-
cant decline in corporate bond market liquidity. In order to stabilize these markets, policy
makers recently proposed that the trading of corporate bonds should be more centralized.
In this paper, we show that a centralization of corporate bond markets always leads to an
inferior outcome when compared with the initial over-the-counter structure. The regulator
may achieve a superior allocation only if it is feasible for him to also affect market liquidity,
by either increasing or decreasing it.

Keywords: Monetary theory, over-the-counter markets, financial regulation, corporate bonds,
liquidity.
JEL Classification: D47, D52, D62, E31, E44, E50, G11, G12, G28.

1 Introduction

Most corporate bonds are traded in over-the-counter markets, which feature search and bargaining
frictions. In this context, the degree of search frictions is more commonly referred to as liquidity;
i.e., corporate bond markets with low (high) search frictions are called liquid (illiquid). Since
the global financial crisis struck the U.S. economy, liquidity in corporate bond markets declined
considerably. Among other causes, this decline in liquidity has been traced back to the increased
regulation of financial intermediaries that was intended to strengthen the financial system. In
particular, regulations such as the Dodd-Frank Act and Basel III increased the capital and
liquidity requirements of banks and limited their leverage ratio. The focus of these regulations
was to ensure that banks are sufficiently well capitalized, but they also resulted in unintended
consequences. Concretely, since the leverage rules apply independent of the risk profile of the

*Samuel Huber is a research fellow at the Department of Economic Theory, University of Basel. E-mail:
samuel_h@gmx.ch. Jaehong Kim is a postdoctoral fellow in the Economic Science Institute, Chapman University.
E-mail: kimjQ@Qchapman.edu.



underlying assets, banks committed less capital to balance-sheet-intensive activities such as fixed
income trading. In Figure 1, we show the development of the fixed income trading assets as
a percentage of the total assets for the U.S. commercial banking industry, as reported by the
Federal Reserve Bank of New York.! Figure 1 shows that the total capital committed to the
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FIGURE 1: TRADING ASSETS AS PERCENTAGE OF TOTAL ASSETS

trading desks for fixed income securities declined from its pre-crisis level of 9 percent in 2007 to
7 percent in late 2014. Further evidence that the new capital requirements reduced the ability
of financial intermediaries to provide liquidity by facilitating trades (i.e., by lending securities or
taking them on inventory) is indicated by the decline in primary dealers’ net inventories relative
to the size of the U.S. corporate bond market, which is shown in Figure 2.2 Primary dealers
have been large liquidity providers in corporate bond markets by holding securities on inventory
and thereby absorbing demand and supply imbalances.? However, holding bonds on inventory
increases the balance sheet and is thus subject to the new regulatory constraints. Since the peak

!The data for Figure 1 is downloadable at www.newyorkfed.org /research/banking research/quarterly_trends.html
(as of 31.10.2015).

2 A more detailed discussion about how financial intermediaries facilitate trades is provided by Madhavan (2000),
Duffie (2012), the Committee on the Global Financial System (2014), and Fender and Lewrick (2015). Fleming
(2003) provides an overview of different measures for assessing liquidity in fixed income markets.

3A primary dealer is a large financial institution which is entitled to directly purchase government securities
from the U.S. Federal Reserve in order to subsequently sell these to its clients.



in 2007, primary dealers’ net inventories of corporate bonds dropped by nearly 80 percent, while
the size of the corporate bond market increased by nearly 50 percent.* However, a decrease in
primary dealers’ net inventories might also be caused by their reduced willingness to hold bonds
on inventory and thereby risk losses in volatile market environments, and does not necessarily
mean that the new regulatory constraints are binding.®
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FIGURE 2: U.S. CORPORATE BOND MARKET

Although corporate bond market liquidity is difficult to asses, policy makers became aware
of the looming liquidity squeeze and proposed new measures to stabilize these markets. On
September 16, 2014, the U.S. Securities and Exchange Commission (SEC, hereafter) promoted a
more standardized issuance of corporate bonds in order to centralize corporate bond markets:

“I will not pretend that migrating fixed income transactions from the over-the-counter markets
1s a small task; however, I will note that in the early part of the twentieth century, there was an
active market in corporate and municipal bonds on the New York Stock Exchange.” (Gallagher,
2014)

In this paper, we take a closer look at the normative implications of centralizing secondary

4Both time series shown in Figure 2 are measured in USD bn. The source for the primary dealers’ net inventories
is www.marketaxess.com/research/market-insights/ (as of 31.10.2015) and the source of the corporate bond market
size is www.sifma.org/research/statistics.aspx (as of 31.10.2015).

®See Adrian et al. (2013), the Committee on the Global Financial System (2014), and Fleming and Lewrick
(2015) for a more detailed discussion about this argument.



corporate bond markets in the post-crisis period. That is, we account for this specific market en-
vironment which is characterized by high search frictions and expansionary monetary policy. The
latter factor has prompted the introduction of the zero lower bound in late 2008 and subsequent
maturity extension programs, causing corporate bonds to be priced above their fundamental
value, which in turn has spurred corporate bond issuance.

In our model, companies issue bonds in a centralized market in order to finance their invest-
ment projects. Corporate bonds are book-keeping entries and therefore they cannot serve as a
medium of exchange; i.e., only money does. Nevertheless, agents want to hold corporate bonds
since they are a superior store of value and since they can trade them for money in a secondary
bond market according to their consumption needs. In contrast to the primary bond market,
the secondary bond market is an over-the-counter market, which features search and bargaining
frictions. We assume that agents meet in bilateral meetings and negotiate about the terms of
trade. Hence, although financial intermediares play an important role in secondary corporate
bond markets in reality, we abstract from such intermediations in our model. In practice, fi-
nancial intermediaries mainly facilitate trades by cushioning demand and supply imbalances and
thereby affect the degree of search frictions. In our model, we simplify along this dimension and
represent the degree of search frictions using an exogenous matching probability. We refer to
agents who have a match in the secondary bond market as active and to those who do not as
passive.

We show that when secondary bond markets feature an over-the-counter structure, agents who
want to sell bonds only obtain a certain fraction of the bargaining power, while they receive all
of it in the case of a centralization. Hence, market centralization provokes a shift in bargaining
power, which generally increases the demand for bonds by such a degree that bonds become
scarce and exhibit a liquidity premium. In turn, this reduces the funding costs of companies,
which curbs corporate bond issuance. Due to the higher supply, agents trade more bonds in the
secondary bond market, although the number of matches remains unchanged. The possibility
to do so induces agents to reduce their demand for money, which depresses the value of money
by such an extent that active and passive agents consume less after the centralization of the
secondary bond market.

We show that a centralized bond market may result in a superior outcome compared to
the initial over-the-counter structure only on the condition that the regulator also succeeds in
changing search frictions. In particular, decreasing as well as increasing search frictions may
improve the allocation and welfare. A reduction in the search frictions, i.e., an increase in market
liquidity, results in a further increase in bond prices and hence in corporate bond issuance. In
turn, this further depresses the value of money such that active and passive agents consume less.
However, reducing search frictions implies that there are more active agents, and since they can
consume more than passive agents, this results in an overall increase in welfare. In contrast,
an increase in the search frictions, i.e., a reduction in market liquidity, results in a reduction in
the demand for bonds such that bonds are priced at their fundamental value. Due to the lower
probability of being able to trade in the secondary bond market, agents increase their demand
for money, which raises the value of money and thereby increases consumption. Thus, although
an increase in search frictions results in less active agents, overall welfare increases. Our findings



indicate that a centralization of secondary bond markets may only succeed in improving welfare
if the regulator can also affect search frictions. Otherwise, centralization always results in an
inferior outcome as compared to the initial over-the-counter structure.

We then analyze whether an intervention exists which is always superior to the initial over-
the-counter structure. We find that a reduction in search frictions, i.e., an increase in market
liquidity, combined with a reduction in the bargaining power of agents who want to sell bonds,
always improves welfare. The reason is that a reduction in bargaining power incentivizes agents
to increase their demand for money, while a reduction in search frictions increases the number
of trades in the secondary bond market. The combination of both effects results in an optimal
intervention for an economy which features low inflation rates, such as the United States in the
post-crisis period.

2 Literature

Our paper is part of the “New Monetarist Economics,” building on Kiyotaki and Wright (1989)
and especially Lagos and Wright (2005).6 Similar to Berentsen et al. (2014), agent-types are
alternating in our model, which generates an endogenous role for a secondary financial market.
The main finding of Berentsen et al. (2014) is that increasing search frictions in a centralized
secondary financial market can be welfare-improving. However, Berentsen et al. (2014) state that
it is never optimal to shut the secondary financial market down. In contrast, we focus on the
optimal market structure of secondary financial markets; i.e., whether any benefits are associated
with centralizing corporate bond markets. We show that centralizing corporate bond markets
reduces overall welfare as it incentivizes agents to reduce their demand for money. However,
once markets are centralized, as in Berentsen et al. (2014), welfare can be improved by either
granting full access or by shutting the secondary financial market down. The reason for this
difference arises because Berentsen et al. (2014) analyse an equilibrium where both money and
bonds are scarce, which only exists for high inflation rates. Since the post-crisis period is rather
characterized by low inflation rates, we focus on low-inflationary environments and involve the
existence of further equilibria in our analysis.

Research that is more closer related to the present paper is the study by Geromichalos and
Herrenbrueck (2015), who also integrate an over-the-counter market in the spirit of Duffie et
al. (2005) into a New Monetarist framework.” The authors find that for secondary financial
markets which do not exhibit any search frictions, i.e., where everybody is able to trade, bar-
gaining achieves a superior outcome to that of centralized trading. We generalize the result of
Geromichalos and Herrenbrueck (2015) to corporate bond markets which feature search frictions
and show that centralization always results in a reduction in welfare. These authors, however, do
not investigate one of the central theses of our paper; i.e., that the regulator may only achieve

SFor an overview of this literature, see Williamson and Wright (2010), Nosal and Rocheteau (2011), and Lagos
et al. (2015).

"There are many other studies that integrate over-the-counter financial markets in a New Monetarist framework.
Here, we refer to the studies of Lagos and Rocheteau (2009), Lagos et al. (2011), Rocheteau and Wright (2013),
Trejos and Wright (2014), Lagos and Zhang (2015), Berentsen et al. (2015), and Huber and Kim (2015).



a superior outcome compared to the initial over-the-counter structure on the condition that he
also succeeds in affecting search frictions.

Along the same lines, Lagos and Zhang (2015) present a model where they explicitly incor-
porate the role of financial intermediaries in the secondary financial market. Concretely, Lagos
and Zhang (2015) assume that agents do not directly trade with each other, but that they trade
with a financial intermediary which has access to a competitive interdealer market. The authors
find that the higher the bargaining power of financial intermediaries, the lower the asset prices
become. However, the authors do not focus on the social implications of such a shift in bargaining
power. Compared to our framework, an increase in the bargaining power of financial intermedi-
aries coincides with a decrease in the bargaining power of agents who want to sell bonds. Similar
to Lagos and Zhang (2015), we find that such a shift in bargaining power generally reduces asset
prices; however, we also show that it improves welfare. Furthermore, Lagos and Zhang (2015)
mainly focus on asset pricing, while we focus on the optimal design of the market structure;
i.e., whether centralizing the secondary financial market proves effective in improving welfare
compared to an over-the-counter structure.

Our paper is also related to the literature that studies the markets for risk-sharing by means
of insurance contracts (e.g., Parlour and Rajan 2001, Thompson 2010, Duffie and Zhu 2011,
Leitner 2013, Acharya and Bisin 2014, and Stephens and Thompson 2014). These papers are
mainly concerned about the moral hazard of the involved counterparties in the insurance contract
and how over-the-counter markets affect their behaviour. Moral hazard arises, because agents
do not need to disclose trade information publicly in over-the-counter markets. In contrast, in
centralized markets this information is revealed, thereby preventing moral hazard (see Leitner
2013, and Acharya and Bisin 2014). Duffie and Zhu (2011) and Stephens and Thompson (2014)
also analyze the benefits of centralized markets. In contrast to the previous studies, their focus
is on the netting of positions and pooling of risk through centralized markets. Duffie and Zhu
(2011) show that centralized trading can be benefitial due to the netting of trades, which reduces
counterparty risk. In contrast, Stephens and Thompson (2014) show that the pooling of risk
through centralized markets results in an adverse selection of insurance providers, as everybody
wants to benefit from the low insurance premia of bad providers. Our study differs from this
literature, because neither counterparty risk nor asymmetric information exists among agents.
We show that a centralization of corporate bond markets is welfare-decreasing, since it reduces the
incentive of agents to self-insure against idiosyncratic liquidity shocks. In our model, the regulator
may only achieve a superior outcome on the condition that he also succeeds in controlling search
frictions.



3 Environment

For our model specifications, we apply the basic environment analyzed in Huber and Kim (2015).%
Time is discrete and the economy is populated by a [0, 1]-continuum of infinitely lived agents.
In each period, there are three markets that open sequentially. In the first market, agents trade
money for corporate bonds. In the second market, agents produce or consume market-2 goods.
In the third market, financial contracts are redeemed and agents produce and consume market-3
goods. We refer to these three markets as the secondary bond market, the goods market, and the
primary bond market.

At the beginning of each period, agents receive two i.i.d shocks: a preference shock and an
entry shock. The preference shock determines the ability to produce or consume the market-2
good in the goods market: An agent can produce but not consume with probability n, while
he can consume but not produce with probability 1 — n. Throughout the paper, we assume
n € (0.5,1). The entry shock determines whether or not an agent has access to the secondary
bond market, denoted respectively as probability J, or probability 1 — §.

In the goods market, trading is frictionless and competitive. Consumers enjoy utility u (q)
from ¢ consumption, where v’ (¢),—u" (¢) > 0, v’ (0) = 0o, and «’ (00) = 0. Producers incur a
utility cost ¢(q) = ¢ from producing ¢ units of the market-2 good. No record-keeping technology
exists and agents cannot commit. As a consequence, producers ask for immediate compensation
from consumers; i.e., a medium of exchange is required.

The primary bond market is frictionless, and agents can produce and consume the market-3
good. Agents receive utility U(x) from x consumption, where U’ (z), —U" (z) > 0, U’ (0) = oo,
and U’ (c0) = 0. The market-3 good is produced by means of a linear production technology; i.e.,
h hours of work produce h units of the market-3 good. Agents discount between two consecutive
periods with the discount factor 5 € (0,1). In this third market, a central bank supplies a
perfectly divisible, storable, and intrinsically useless object called money. The change in the
stock of money is given by M1 = yM;, where v denotes the gross growth rate of money and
M, (Mi41) denotes the stock of money in period ¢ (¢ + 1). The central bank injects (withdraws)
money through a lump-sum transfer 7; to all agents, where Ty = My — My = (v — 1)M;. For
notational simplicity, we omit the time subscript ¢ going forward and denote next-period variables
by +1, and previous-period variables by —1.

Our model assumes a continuum ¢ > 0 of homogeneous firms who issue a storable and perfectly
divisible object called a bond in the primary bond market.® In contrast to money, bonds are
intangible objects; i.e., no physical object exists. As a consequence, only money can serve as a
medium of exchange in the goods market.!” Any firm can enter the market, but there is a cost

80ur model builds on Lagos and Wright (2005) and especially on Berentsen et al. (2007, 2014, and 2015). The
main difference to our previous work (Huber and Kim 2015) is that we analyze the optimal structure of corporate
bond markets instead of central bank purchases of government bonds.

?Qur firms have some similarities to the ones studied in Berentsen et al. (2011), Mortensen and Pissaridies
(1994), and Williamson (1987, 2012). However, we deviate in several dimensions from these studies, as will be
shown further on in the paper.

10 An extended discussion about the frictions that make money essential can be found, for instance, in Kocher-
lakota (1998), Wallace (2001), Lagos and Wright (2005) and Shi (2006). A more detailed explanation about why



C' in terms of market-3 goods to enter the market. A generic firm issues a quantity of by private
bonds at price p < 1 to finance its project. Bonds can only be purchased by market-3 goods,
since firms use these goods as an input for their projects. If the project is successful during the
period, then the firm honors its obligation and pays back 1 unit of the market-3 good in the next
period’s primary bond market. If a firm cannot repay its obligation, then the firm defaults and
will be forced permanently out of the market. The period payoff of a generic firm is Wz,
where f' >0, f” <0, f/(0) = 0o, and z € [0,1]. We denote G(z) as the distribution of z € [0, 1]
with a density function g(z), and an expectation value E(z). A projects payoff z is realized before
the next period’s primary bond market opens, but after the secondary bond market closes. Firms
cannot issue more bonds than l;f, where f (pqﬁl;f) = M)Bf, since it is certain that agents’ bonds
cannot be redeemed for ¢by > ®b ¢ for any realization of z.

At the beginning of each period, and after the realization of the two i.i.d shocks, agents
can trade money for bonds in the secondary bond market. Consumers and producers meet at
random in bilateral meetings and bargain over the quantity of money and bonds to be exchanged.
A consumer meets a producer with probability ¢ € [0, 1], and a producer meets a consumer with
probability 6”7 = § (1 —n)n~!, since n > 0.5. Agents who are able to trade in this market are
called active and those who are not are called passive.

4 Agent’s Decisions

Hereafter, we focus on the agents’ decision problem in a representative period t. We first present
the last market (primary bond market) and work backwards to the first market (secondary bond
market).

4.1 Primary Bond Market

In the primary bond market, agents can produce and consume the market-3 good and receive the
lump-sum money transfer 7' from the central bank. A firm’s project is successful with probability
1 — o, in which case it honors its obligations and pays back 1 unit of the market-3 good for each
maturing bond. With probability o, a firm’s project is not successful, in which case the firm
defaults, and consequently a bond-holder receives zero. Old and new firms issue bonds at price
p < 1 in this market and agents decide about the amount of money and bonds that they will
take into the next period. An agent entering the primary bond market with m units of money
and b units of bonds has the value function V3(m,b) and solves the following decision problem:

Va(m,b) = max [U(z) = h+ BVi(mi1,bi1)], (1)

x,h,m+1,b+1

subject to
T+ ¢mi1 + ¢pby1 = h + ¢m+ (1 — 0)db + ¢T, (2)

bonds cannot serve as a medium of exchange is provided by Kocherlakota (2003), Andolfatto (2011), Berentsen
and Waller (2011), and Berentsen et al. (2014 and 2015).



where ¢ denotes the price of money in terms of market-3 goods, and h denotes hours worked. Due
to the linear production technology, the choice of my1 and by is independent of m and b. As a
result, each agent exits the market with the same amount of money and bonds. Furthermore, all
agents buy the same amount of bonds from each firm; i.e., all agents hold an identical fraction
of defaulting bonds in their portfolios.!!

4.1.1 Goods Market

In the goods market, all agents take prices as given and trade against the market. A consumer
entering the goods market has the following decision problem:

U (Q) + V3 (m - pq, b) (3)

Y

Vz (m,b) = m?X s.t. m > pq.
where Vi(m,b) denotes his value function, and where p denotes the price of one unit of the
market-2 good ¢q. The budget constraint simply states that a consumer cannot spend more
money than he has.

If the budget constraint is non-binding, then we have % = 0, and consequently consumers
are able to consume the efficient quantity ¢*, which is the solution of v’ (¢*) = 1. If the constraint
is binding, then we have % = ¢ and v’ (q) > 1. Hence, consumers spend all their money and
consumption is inefficiently low. In equilibrium, active consumers will hold more money than
passive consumers and are therefore able to consume more in this market. Hereafter, quantities
associated to active agents are denoted with a hat “°”.

A producer entering the goods market has the following decision problem:

V2 (m, b) = max [~c (qp) + V3 (m + pgp, b)] (4)

where g, satisfies the market clearing condition

(1 —=n)[6G + (1 —0)q] = ngp. (5)

The market clearing condition states that the produced quantity of a consumer, g,, equals the
sum of the quantities consumed by active, (1 — n)dg, and passive consumers, (1 — n)(1 — d)q,
divided by the number of producers in the market. Due to the assumption of competitive pricing,
it is easy to show that producers do not earn any surplus; i.e., that the marginal cost of producing
gp units of market-2 goods equals the market price p¢.

4.2 Secondary Bond Market

In the secondary bond market, consumers and producers meet at random in bilateral meetings,
and the trade surplus is split according to the Kalai (1977) solution. The Kalai trading protocol

HTo see this, consider the following example: by = 9 and £ = 10/9 according to decisions of the firms. Then, we
have ¢pby = ¢b = 10; i.e., each firm offers 9 bonds, but each agent holds 10 bonds. In other words, agents must be
able to buy the same number of bonds from each firm.



has the property of being strongly monotonic; i.e., no agent is made worse off by an expansion of
the bargaining set.'> An agent enters the secondary bond market with a portfolio (mj,b;) and
leaves it with a portfolio (77, Ej), where j = ¢ for consumers and j = p for producers. By the
market clearing condition, we obtain

e — me = —(1y — my) and by — by = —(be — be).

An active producer spends d,,, = 1. —m, units of money and an active consumer sells dj, = lA)p —by
units of bonds, which implies that the budget constraints of a producer and a consumer are given
by

omy > ddy, and dbe > ody. (6)

The total trade surplus in this market is u(q) — u(q) — ¢d,,, where u(§) — u(q) — ¢dp is the
consumer’s surplus and dp — d,,, is the producer’s surplus. The Kalai constraint splits the total
trade surplus among matched agents according to their bargaining power

(1 =n) [w(q) — ulg) — ¢db] = ne(dp — dm), (7)

where 7 is the bargaining power of a consumer, and 1 — 7 that of a producer. An active agent’s
decision problem is

K (me,myp, b, bp) = max [u(q) — u(q) — ¢dy]  s.t. (6) and (7). (8)

dm, 1db

That is, the Kalai protocol maximizes the total trade surplus and is therefore efficient. If
K (me, mp, be, by) is differentiable with respect to z = m., my, b, by, then we have

OK P12 P

If the active agent’s budget constraints (6) are non-binding, then the first-order condition of (8)
with respect to d, is v/(§) = 1; i.e., active consumers can consume the efficient quantity. The
value functions of consumers and producers entering the secondary bond market are given by

‘/f(mc7bc) = 5nK(mC7m7bC7b) + ‘/QC(mtth)? (10)
le(mpa bp) = p(1—n)K(m,my,b,by) + Vzp(mzh by),

where (m,b) denotes the portfolio of the trading partner.

2For a formalization of Kalai bargaining, see Rocheteau and Wright (2005), and Aruoba et al. (2007). Recent
studies that apply Kalai bargaining to financial markets are, for example, Geromichalos and Herrenbrueck (2015),
Berentsen et al. (2015), and Huber and Kim (2015). A study of the monotonicity properties of Kalai can be found
in Chun and Thomson (1988).
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5 Firm’s Decisions

Firms only interact with agents in the primary bond market. If their project was successful during
the period, they honor their obligation and repay 1 unit of the market-3 good for each maturing
bond. Furthermore, old firms which were successful in the previous period and new firms which
can afford to pay the entry cost C in terms of market-3 goods issue a quantity by of corporate
bonds at price p < 1 to finance their new projects. A firm cannot issue more bonds than l;f,
where f(pob ¢) = Lob t, because otherwise agents’ bonds would not be redeemed, independent of
the realization of the projects’ payoff z € [0,1]. Hereafter, we denote b = ¢bs and b= qﬁBf. A
firm has the value function V; and solves the following decision problem

b
f(pb) b 1 b
Vy = max / Msz(z)+ / {f(p )z—[b+ﬁVf+ dG(z) ¢,
bel0,b] l Y4
b
f(pb)

where ¢ > 0 denotes the set of firms in the market, @z denotes the period payoff of a generic

firm, and G(z) denotes the distribution function of z. A firm with a project realization of
z € [O, %) is not able to honor its debt and will consequently be forced to default and to

be permanently excluded from the market. A firm with a project realization of z € [#blb), 1}

can fulfill its obligations b and has the continuation value 3V;, . The firm’s decision problem
depends on monetary policy through the issue price of bonds in the primary bond market, p,
which affects the number of firms in the market, ¢, and the real quantity of bonds issued by a
generic firm, b.

In steady state, it holds that V; = V; and thus, we can simplify a firm’s value function to

Vi it | LR — ot (1),

where E(z) denotes the expectation value of a firm’s project payoff z and 0 = G (%) denotes

the default probability. By the entry condition, we also have V; = C' in equilibrium. A firm will
not strategically default if SV, > b.

Going forward, we focus on the case where the density at z = 0 equals g(0) = g and the
density at z = 1 equals g(1) = 1 — g; i.e., a firm’s period operation is fully successful with
probability 1 — g and not successful with probability g. In such a case, a firm’s value function

simplifies to
_ l-yg f(pb)
=150 [ ‘ _Ib} '

From the above equation, it is easy to see that the optimal real quantity of bonds issued by a
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firm b satisfies
ol (pb) = . (1)

Furthermore, in equilibrium we also have 0 = g and Vy = C. Hence, a firm will not strategically
default if BC > b, or equivalently if

_ B-g) [[f(pb)
o= 12572y [HP v 2 12

Equation (11) and (12) state that the number of firms in the market, ¢, and the real quantity
of bonds issued by a firm, b, is completely determined by the endogenous price of bonds in the
primary bond market, p, the production technology of firms, f(x), and the exogenous terms C,
B, and g. By the resource constraint, it also holds in equilibrium that ¢b = ¢b; i.e., that the
total real quantity of bonds held by agents, ¢b, equals the total real quantity of bonds issued by
firms, ¢b.

6 Equilibria

Hereafter, we characterize two stationary monetary equilibria, where all agents follow identical
strategies and where real variables are constant over time. In the first equilibrium, trading
is unconstrained; i.e., (6) is non-binding. We label this equilibrium as type-A. In the second
equilibrium, producers are unconstrained, while the bond constraint of consumers is binding.
This equilibrium is labeled as type-B. All proofs are relegated to the Appendix.

6.1 Type-A Equilibrium

In a type-A equilibrium, the bond constraint of active consumers is non-binding, ¢b. > ¢dp,
which allows them to consume the efficient quantity, «'(§) = 1. Furthermore, the cash constraint
of active producers is non-binding, ¢m, > ¢d,,, which means that they are indifferent between
holding money or bonds.

Proposition 1 Given {~, 3,9,n,n,C, g}, a type-A equilibrium is a list {§, q, gp, p, b, ¢} satisfying
(5), (11), (12), and

1= W/(9), (13)
% = (1—n)on [W/(@) — /()] + (1 —n)u'(q) +n, (14)
p = §<1—g>. (15)

Equation (13) states that active consumers can consume the efficient quantity, because the
budget constraints (6) are non-binding in the secondary bond market. Equation (14) states that
the marginal benefit of acquiring one additional unit of money equals the sum of three terms:
If an agent turns out to be a consumer (active or passive), he has the marginal utility v'(q); if
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an agent turns out to be an active consumer, he additionally receives a fraction 7 of the trade
surplus u/(§) — u/(¢) such that he can consume the efficient quantity «'(§) = 1; if an agent turns
out to be a producer (active or passive), he obtains a marginal utility of 1. Equation (15) states
that bonds compensate for the marginal cost of holding money, v/, and the default probability
of firms, 0 = g.

6.2 Type-B Equilibrium

In a type-B equilibrium, the bond constraint of active consumers is binding, ¢b. = ¢dy; i.e., they
would like to sell more bonds than they have in order to satisfy their consumption needs. Hence,
they cannot achieve the efficient quantity and «’(§) > 1 holds. As in the type-A equilibrium, the
cash constraint of active producers is non-binding, ¢m, > ¢d,,.

Proposition 2 Given {,3,9,n,n,C, g}, a type-B equilibrium is a list {§, q, ¢p, p, b, {} satisfying
(5), (11), (12), and

b = (- n)lu@) — ule)) +n(a—a), (10

v 1+ (1 =n)u'(q) 3 .

1= e @I (- o)+ (17
Bl gy W@

e e el .

Equation (16) is based on the Kalai constraint, where we used ¢b = ¢b. Equation (17) states
that the marginal benefit of acquiring one additional unit of money equals 1 for producers (active
or passive), it equals the marginal utility u/(q) for passive consumers, and it equals the share
of the surplus «/(§) [n+ (1 — n)u/(¢)] [n + (1 — n)u’(§)]* for active consumers. Equation (18)
states that bonds are priced above their fundamental value, 5(1 — g)/7, and exibit a liquidity
premium equal to (1 — n)én [u/(§) — 1] [n + (1 —n)/(§)] . Hence, because bonds are scarce in
this equilibrium, ¢b. = ¢dp, they do not compensate for the marginal cost of holding money and
the default probability of firms.

7 Regions of Existence

Hereafter, we specify two non-overlapping regions in which the type-A and the type-B equilibria
exist, as a function of the inflation rate v and the entry cost C. In order to do this, we first

need to derive the reaction of firms in equilibrium. Let a(z) = —xjf,,;g(f)) denote the coefficient of

risk aversion of f(z), and let e(z) = x}cég) denote the elasticity of f(z). In equilibrium, firms’
decisions are completely determined by the endogenous bond price p and the exogenous terms C,
g, and [ through (11) and (12). In Lemma 3, we derive the effect on the real quantity of bonds
issued by a generic firm, b, the number of firms in the market, ¢, and the total real quantity of
bonds issued, £l = ¢b, in response to a marginal increase in the exogenous terms C', g, and (5.

13



Lemma 3 In equilibrium,

ob ob ob

% = 07 aig > 0’ % < 07
ol ol or
ac <0 a9 = 0, a5 0,
and |
om om om | <O alb)>1
aC’ dg’ =0, fa(pb)=1,
7 Bl >0, ifalpb) <1

Lemma 3 shows that the response of the total real quantity of bonds issued, fb = ¢b, to a
marginal increase in the exogenous terms C, g, and (3, critically depends on the coefficient of
risk aversion of f(x). In Lemma 4, we derive the effect on b, ¢, and ¢b = ¢b, in response to a
marginal increase in the endogenous bond price p.

Lemma 4 In equilibrium,

<0, ifa(pb)>1—¢(pb),

db ;
) =2 if a(pb) =1 — €(pb),
P >0, ifa(pb) <1-epb),
ot
a—p >0,
and (D)
<0, ifalpb)>1,
ofb .
87/) - Oa Zf a(plb) - 17

>0, ifa(pb) <l1.
Note, that by the incentive constraint

M9 [16D) ],

1-B(1-g) | ¢ -
we have 1) b
_ pPO)p .
e(pb) = “F(ob) <B(l-g) <1

i.e., the elasticity of f(x) is bounded above by (1 — g). With the results from Lemma 3 and
Lemma 4, we are able to derive the regions of existence of the type-A and the type-B equilibrium.
In Proposition 5, we derive these regions for an economy where the entry cost is relatively low

C < C, and where the production technology f(x) satisfies a(z) = —IJ]:,IE:ES) < 1 and €(x) =
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28 < B(1 - g) for all z > 0.1
Proposition 5 Let C < C, a(z) <1 and e(z) < B(1—g) for allx > 0. If vy < yap, equilibrium
prices and quantities are characterized by Proposition 1; and if v > vap, equilibrium prices and
quantities are characterized by Proposition 2.

Figure 3 shows the regions of existence as a function of the search and bargaining frictions.
The chart on the left-hand side shows the respective regions for 0 < 7 < 1, while the chart on
the right-hand side shows them for 6n = 1. In the proof of Proposition 5, we show that at C' = C,
the critical inflation rate that separates the type-A from the type-B equilibrium equals

Yapo=c = B{(1—n) [6n+ (1 —n)u'(¢"/2)] +n}. (19)

From the above equation, it is clear that for 6n = 1 we obtain y4p5 c_c = B, and hence for any
C < C only the type-B equilibrium exists. Furthermore, we find that C' is decreasing in m; i.e.,
for 41 = 1 we obtain a lower value of C' as compared to 0 < dn < 1.

Type-B

Vap,c=C———————————————-—————7

Type-A

Y= Y=

sn=1 C E5=’I=0 ¢=0 6677:1 E5=n=0

FIiGURE 3: REGIONS OF EXISTENCE

In the subsequent section, we analyze the normative implications of centralizing corporate
bond markets in an economy similar to the one observed in the post-crisis data of the United
States. That is, we assume that the expansive monetary policy in the post-crisis period, such
as central bank purchases of government bonds, resulted in a scarcity of corporate bonds such
that they exhibit a liquidity premium.!* However, integrating such central bank interventions
goes beyond the scope of this paper, and we refer the interested reader to Williamson (2012)

Y3For instance, a standard production function of the form f(z) = Az'™® with 1 —a < B(1 — g), a < 1, and
zjf,/;il)) =a<1ande(z) = zjféf;)”)

HThe existence of liquidity premia is discussed in more detail in Geromichalos et al. (2007), Lagos and Rocheteau
(2008), Lagos (2010a, b, 2011), Jacquet and Tan (2012), Lester et al. (2012), Nosal and Rocheteau (2013), Lagos

and Zhang (2014), and Berentsen et al. (2014, 2015).

A > 0 satisfies these properties, since — =1-a.
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for a formal proof of this argument. For a liquidity premium to exist, we require low entry
costs, C < C_'gnzl, and v > vyap with v being sufficiently close to y4p in order to account
for the low inflation rates in the post-crisis data. Furthermore, we assume that the secondary
bond market initially features search and bargaining frictions; i.e., 0 < én < 1. The policy
measures that we investigate are defined as follows. We first examine what happens if the
regulator succeeds in changing the market structure of the secondary bond market from an over-
the-counter structure to an exchange-traded market which is fully competitive. Secondly, we
propose a novel policy measure to enhance welfare in a secondary bond market which is initially
characterized by 0 < dn < 1.

8 Centralizing the Secondary Bond Market

Hereafter, we analyze the social implications of centralizing secondary corporate bond markets
and its effects on quantities and prices. In order to do so, we first need to derive the type-A and
the type-B equilibrium for competitive pricing in the secondary bond market, which is shown by
Proposition 6.

Proposition 6 Fquilibrium prices and quantities characterized by Proposition 1 and 2 coincide
with competitive pricing in the secondary bond market if, and only if, n = 1.

Proposition 6 states that centralizing the secondary bond market implies that consumers
obtain the entire trade surplus in the type-A and the type-B equilibrium in the secondary bond
market. To understand the implications of such a policy measure, we show in Figure 4 the regions
of existence in terms of the search (§) and bargaining frictions (n), for v > yap and C < Cyy—1.
To draw this figure, we assume that the economy is initially characterized by § = n = 0.5 and
that the entry cost C < C’gnzl is sufficiently high, such that the type-A equilibrium is supported
for § = n = 0.1 The figure shows that the economy is initially in the type-B equilibrium with
being close to v4p, which is visible by the small distance to the type-A equilibrium. Increasing
n from 1 = 0.5 to n = 1 moves the economy to the right in Figure 4; i.e, it reduces v45 c—¢,

which is directly visible from (19), where we obtain 87*127;70:@ =B(1—-n)d[1—1d'(¢"/2)] < 0.
Furthermore, the figure shows that the type-B equilibrium is supported for large values of § and
n. To see this, note that by (14) we know that in the type-A equilibrium it holds that

-8
Bl —n)(1—dn)’

s0 ¢ is close to § when ~ is close to 3, since u/(¢) = 1 by (13). For a given ~, the right-hand side
of the above equation grows infinitely large, as dn approaches to one. Since the left-hand side of

w'(g)—1=

5This condition is satisfied for a wide range of parameter values and functional forms of the utility- and
production functions.

16



the equation is bounded above by (%) — 1, the type-A equilibrium no longer exists for large
577'16

6=1
Type-B

6=05F————--—— * >

I

I

I

Type-A !

|

|

§=0 I
n= 0 n= 0.5 n= 1

FIGURE 4: CENTRALIZING THE SECONDARY BOND MARKET

In order to analyze the social implication of increasing 7 in the type-B equilibrium, we first
need to define the welfare function, which is given by

1-pW=U(z") —z* + (1 —n) [du(q) + (1 — 0)u(q)] — ngp. (20)

The term U(x*) — x* denotes an agent’s expected utility in the primary bond market; the term
(I1—mn) [6u(d) + (1 — 6)u(q)] denotes an agent’s expected utility in the goods market if he becomes
a consumer; and the term —ng, denotes an agent’s expected disutility if he becomes a producer
in the goods market.

Proposition 7 summarizes the effects of a policy of increasing 7; i.e., a policy that results in
a fully centralized and competitive secondary bond market when 7 approaches one.

Proposition 7 Let § and n be large, and v be small in the type-B equilibrium. Then, we have

9 _, o)

N g oW
on ’ on

<0, ——<0.

o, L

> 0, ,
on on

Proposition 7 states that increasing the consumer’s bargaining power 7 results in a higher
liquidity premium on bonds in the primary bond market; i.e., p increases. As a consequence, the
total real quantity of bonds /b issued by firms increases, which implies that there is a higher
trading volume in the secondary bond market, even though the number of matches §(1 — n)
remains unchanged. The drawback of this intervention is that each agent holds less money %,
such that active and passive agents will consume less in the goods market, which results in a
decrease in welfare.

6Note that ¢ = 2¢ holds at Yap,c=c- See the proof of Proposition 5 for more details.
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With the knowledge that centralizing the secondary bond market without affecting the market
access probability § is welfare-decreasing, we next analyse what happens if it is feasible for the
regulator to change 6 at = 1. The regulator can either increase § which moves the economy
further in the type-B equilibrium or he can reduce it, which moves the economy in the type-A
equilibrium. In Figure 5, we visualize both possibilities by the vertical arrows.

FIGURE 5: INCREASING OR DECREASING §

We first analyze the case where the regulator increases §. Such an intervention moves the econ-
. . . . . 0 —G
omy upwards in Figure 5; i.e., it reduces v, 5 o—¢, since TABC=C — 3(1—n)n[l —u'(¢*/2)] < 0.
The effects of a policy of increasing § are summarized in Proposition 8.

Proposition 8 Let § and n be large, and v be small in the type-B equilibrium. Then, we have
@>0, w @<0, @<0, 8—W>0.
06 06 06 06 a6
Increasing the market access probability d results in a higher total real quantity of bonds b
issued by firms in the primary bond market. This implies that there is an increase in trading
volume in the secondary bond market which is caused by two effects: (i) more agents enter the
secondary bond market; (ii) more bonds are traded in each match. The drawback of an increase
in § is that each agent holds less money and therefore active and passive agents will consume
less in the goods market. Whether this intervention is welfare-improving depends on which of
these effects dominates. For low inflation rates, increasing J is welfare-improving, because even
though each consumer consumes less, there are more trades in the secondary bond market.
Hence, centralizing the secondary bond market might indeed improve welfare as compared to
an over-the-counter structure, if the regulator succeeds in increasing the market access probability.
The aftermath of the global financial crisis showed that increasing liquidity in secondary corporate
bond markets might be difficult to achieve or not be feasible at all. Therefore, we analyze in the
next paragraph what happens if the regulator decreases § in a centralized secondary bond market

> 0,
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(n = 1), which is shown by the downward pointing arrow in Figure 5. Decreasing § moves the
economy to the type-A equilibrium, and Proposition 9 summarizes the effects on welfare of this
intervention.

Proposition 9 In the type-A equilibrium, we have %—‘3\} > 0 for small values of n, and %—? <0

for large values of 1.

It is clear that % = 0, since v/(§) = 1 for any § in the type-A equilibrium. Because p only
depends on S, v, and g, we also have % = 0. Therefore, it also holds that %‘% = 0. Proposition 9
states that for a centralized secondary bond market, welfare is increased by reducing the market
access probability §. The reason is that for high values of 7, the demand for money is too low in
the type-A equilibrium. Thus, reducing 6 makes bonds less attractive and induces all agents to
increase their money holdings, which is welfare-improving. For ease of understanding, we show
in Figure 6, the development of welfare as a function of the market access probability § for n = 1.
We find that for n = 1, welfare at § = 1 coincides with welfare at § = 0; i.e., Ws—1 = Ws—¢, while

Type-A Type-B

Welfare for n =1

FIGURE 6: WELFARE AS FUNCTION OF § FOR ) =1

for n < 1 we obtain Ws—1 > Ws—¢. This finding is formalized in the following lemma.

Lemma 10 Given n, let 6 = 0 support the type-A equilibrium, and 6 = 1 support the type-B
equilibrium. If n = 1, then § = 0 and § = 1 result in an identical value of welfare. Otherwise,
0 =1 generates a higher value of welfare than § = 0.

That is, for centralized bond markets welfare is the same with full access or with zero access
to the secondary bond market, while for n < 1 welfare is maximized by granting full access to
the secondary bond market. Hence, although granting full access maximizes welfare for n < 1,
depending on the initial search and bargaining frictions, welfare can also be improved by reducing
0. This finding is important, since it might not be feasible for regulators to increase the market
access probability.
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In the next paragraph, we analyze an economy which features high search frictions (low d),
such that v < yap for n = 0.5 and C' < C_J’(;nzl. In contrast to the previous analysis, an increase
in the bargaining power of consumers to n = 1 keeps the economy in the type-A equilibrium.
Figure 7 visualizes this policy measure by the black arrow. Figure 7 shows that increasing 7
moves the economy to the right and results in a reduction of y4p. Proposition 11 summarizes
the effects on welfare of changing n in the type-A equilibrium.

6=1
Type-B
6=0.5
Type-A
——————————————— . >
§=0 |
n=20 n=20.5 n=1

FIGURE 7: INCREASING 7 IN THE TYPE-A EQUILIBRIUM

Proposition 11 In the type-A equilibrium, it always holds that 86—];7\) < 0.

Following the same reasoning as for the analysis with respect to §, we have g—g =0, g—f] =0,

and 8(%’ = 0 in the type-A equilibrium.

Our findings show that simply by centralizing a secondary bond market, i.e., by increasing
the consumer’s bargaining power to nn = 1, welfare is always decreased in a type-A and a type-B
equilibrium. Only if the regulator succeeds in changing the market access probability (by either
increasing or decreasing it), he may eventually achieve a welfare-superior allocation.

8.1 Optimal Policy

Hereafter, we show how regulators might intervene in corporate bond markets to achieve an
allocation which is always superior to the ones discussed above; i.e., to centralized- and over-the-
counter trading. As before, we analyze an economy which is initially characterized by 6 =n = 0.5
with v > y4p and C < 6_’577:1. Figure 8 shows the optimal intervention in such an environment
by the black arrow.

Figure 8 shows that the optimal intervention moves the economy to the top-left corner in the
type-A equilibrium. From Proposition 7 and 8, we already know that %—12} < 0 and %—%V > 0 in
the type-B equilibrium for large values of § and 7, and small inflation rates. Furthermore, from
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Type-B

n=0 n=20.5 n=1
FIGURE 8: OPTIMAL POLICY

Proposition 9 and 11, we know that in the type-A equilibrium we have %—1:7\} < 0 and %—%V > 0 for
small values of 1. Hence, reducing n and increasing J both have welfare-enhancing effects in the
type-A equilibrium. Reducing n improves welfare because it incentivizes agents to increase their
demand for money, which in turn allows them to consume more in the goods market. Increasing
0 increases the number of trades in the secondary bond market, which also results in an increase
in consumption and so improves welfare. The combination of both effects (§ = 1 and n = 0)
results in the optimal intervention for small v > § in a secondary bond market which initially
features search (0 < § < 1) and bargaining frictions (0 < n < 1).

9 Conclusion

In this paper, we present a model that shows under what conditions corporate bonds are trading
above their fundamental value and why corporate bond issuance increases in such an environment.
Furthermore, we incorporate an over-the-counter secondary bond market and show that it is never
optimal to centralize this market, as it incentivates agents to decrease their demand for money
which in turn lowers consumption and welfare. If, and only if, the regulator succeeds in also
changing the market access probability, by either increasing or decreasing it, he may achieve an
allocation which is superior to the one of a traditional over-the-counter market. Furthermore, we
show that the optimal policy is to grant full liquidity and to increase bargaining frictions rather
than to decrease them.
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10 Appendix - For Online Publication

Proof of Proposition 1. Derivation of (13). It is obvious that (13) holds when the short-
selling constraints (6) are non-binding in (8).

Derivation of (14). At the beginning of a representative period, the marginal value of money
is given by

A% ovy ovy
— =(1- —_—.
om (1=n) om n om
By (10), the above equation can be rewritten as
oy oK  OVy oK  ov?
—=(1-n)|¢ 2 Sp(1—n)o—+ —21|, 21
om (1=n) [ n8m6+6mc] —i—n[p( n)amp+8mp (21)
where gWKj = mWé—W \(mc,mp,bc,bp):(m,m,byb) for j = ¢,p. Next, we derive the first-order
and the envelope conditions in the primary bond market and the envelope conditions in the goods
c P
market to replace %, gxfc and gx%p, respectively. In the primary bond market, the first-order

conditions with respect to m41, by1 and x are U'(xz) = 1, and

O _ B, (22)

Omq Ob.y

It is standard in models building on Lagos and Wright (2005) that the choice of my; and b4 is
independent of m and b, which results in a degenerate distribution of money and bonds at the
beginning of a period. Using gr?z‘fl updated one period, we can replace % in (21). The envelope

conditions in the primary bond market are

v _ 1o
om 1—o 0b

= ¢. (23)

The above equation states that the marginal value of bonds is lower than the marginal value of
money, because only a fraction 1 — ¢ will be redeemed at face value in the primary bond market,
while o firms will default and redeem zero. In the goods market, the buyer’s envelope conditions
are

ovy ovy .
B = ou' (q) and 5 (1—0)o, (24)
V3

where we used (23) to replace 42 and %. Following the same procedure, we obtain the pro-
ducer’s envelope conditions in the goods market as

8V2p_ 1 ovy
om 1—o Ob

= ¢ (25)

Next, we need to derive the envelope conditions in the primary bond market to replace g—n{fc and
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(?TK in (21). We obtain

oK , oK
=0 — d =0 26
g =0-o@ ad Do, (26)
where we have used 8‘1 =0, 6?736 =-=0¢, % ad—m = —1, and aa—ni = 8?7;11) = gin; =0 by (9). Using

(22), (24), (25), and ( ) (21), we obtaln (14)
Derivation of (15). We follow the same procedure as in the derivation of (21) to rewrite the
marginal value of bonds at the beginning of a period as

v, oK OV oK VP
o~ 4= [%bc * 8bc] +n [5P<1 Daw, v, |

c P
To replace % and %%, we use (24) and (25), respectively Because the bond constraint is

non-binding in the type-A equilibrium, we have gTK = 8b = 0. Finally, using (22) updated one

period, we obtain (15). m
Proof of Proposition 2. Derivation of (16). As a consequence of the binding bond constraint
of active consumers, it holds that d, = b. Furthermore, since the cash constraint of consumers
(active and passive) is binding in the goods market, it holds that m. + d,, = p§ and m. = pq.
Using these expressions in (7) and the first-order condition of producers in the goods market to
replace p¢ = 1, we obtain (16).

Derivation of (17). At the beginning of a representative period, the marginal value of money
is given by )
] +n [517(1— )a—K—i—aL

om,  Omy, |’

(r‘)im:(l_n) 8m0+8mc

oW, [ 5 O Vs

where we used (10) to replace V{(me,b.) and V¥ (me,b.). We use the envelope conditions of

ovy

consumers and producers in the goods market, (24) and (25), to replace 52 - and 5= ovy , respectively.

Furthermore, because the producer’s cash constraint is non-binding, we can use ;Tq = 8?73 =
P P
ad”; = 0 with (9) to obtain aa—K = 0. Using these expressions to rewrite the marginal value of

money at the beginning of a perlod we obtain
oy 0K

— =(1- )

om (1=n) [ "amc

The envelope condition of a consumer in the secondary bond market, g—ni, is derived as follows.
Using (9), we obtain

’(Q)] + ng. (27)

0K 04 )
= /(@) :

ome

—u'(q)

—¢

(28)

8771(; 8mc amc .
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Next, we need to derive aaq 99 and adm . Using (7), we obtain

? Ome
. 04 Jq Ody,
1—n) | — = 2
(L=n) |wl(d)g - —wla)g - " (29)
and because § = ¢(m + din), ¢ = ¢pme, we also obtain
oq dq
Im. e (30)
Using the above expsressions for 88721 and 8%6 in (29), we obtain
04 _ n+1-nv(qg)
= ) 31
ome ~ On+ (1 =mu'(q) (31)
adm 1— n 1A ad ! aq
= - : 2
om. on [“ Dgm, = D, (32)
Using the above expressions for 5 q - gfnm, and Bq = ¢ in (28), we obtain the following expression
K .
for .-
ok .04 ., O0¢ 1-m|, 0 , . 9q
om. w(d) om. w(a) om, * n “ (q)(‘)mc (0) ome
L, | 0q / 6q:| ¢|:/A77+(1_77)u/<q) ’ :|
= —|u —u == |u = —u ,
A O e e R s e o R0)

Using the above solution to replace aa—K in (27) and (22) updated one period to replace %, we

obtain (17).
Derivation of (18). At the beginning of a representative period, the marginal value of bonds
is given by

oy 0K  0Vj oK  oVy

%—n—m[% aﬁ*%wl>%+mﬂ (33)
Using (16), we can obtain

9q ¢ ddy, 1

= = — and = T )

b (1—n)u'(q)+n b (1—n)u'(q)+n

where we used fb=¢b and ¢d,,, = § — q. We can use the above expressions to replace % and
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% respectively, =0, and 94 — 04 _ 9dm — 94 _ () iy (9 , to obtain
b Y 8b b e

oK u'(q) —1

e (1 =mu' (@) +n’
0K

aibp — 0-

Using the two above expressions, we can replace 2% abe and gb in (33); using the envelope conditions

in the goods market, (24) and (25), we can replace %—‘gf and %; and using (22) updated one

period we can replace % av1 to obtain (18). m
Proof of Lemma 3. By (11) and (12), we obtain

1= B0=g)_ flb) f

(1-9) pf'(pb)

Hence,

B ( 1" >0,
e (1—g) f(pb)f"(pb) (I—9) alpb)
b _ O [fb) O epb)
99 (1=9)* f(pb)f"(pb) (1 —g)* a(pb)
ob ' (pb)]? e(pb
“_0 - _
55~ “Fm (k) ~ “alem) <"
Using (11), we obtain
ol y
b f"(pb)
Thus, we obtain or o0 or
% O, 879 < 0, % >0
Using (11), we also obtain
b = f'(pb)pb

Consequently, we obtain

o [ pb” (pb)

A TN } = pf'(pb)[1 — a(pb)].

By using
ofb  0¢b b ob
9c - %% pf (pb)[1 — O‘(P[b)]ac

25



we obtain the desired result for %. It is clear that when we follow the above procedure, we can

derive the results for %%O, and %%O. [

Proof of Lemma 4. By (11) and (12), we obtain

1-B(—g),  S(pb)
b

G-g C pfipw) 120

Therefore, we obtain

F(A) " (pb)g 5 = (s b — (o) ()~ Fb) " ()b n
_ , F(pb)pb  f"(pb)pb
= FeD) () | o )

= —f(pb)f'(pb) [1 — €(pb) — a(pb)] .
Rearranging terms yields
ob b
dp  a(pb)p
From ¢b = f/(pb)pb, we obtain

11— €(pb) — a(pb)]

8‘& _ g 2 " 2 ailb / / 8&
9 f"(pb)pb” + f"(pb)p Ib@p + [ (pb)b + f (/ﬂb)p@p-

Using the above equation and (34), we obtain

9t [f'(pb))*pb? ob

dp - f(pb) * f’(p[b)paT) (35)
L) T e b
= f/(plb) ! " / / "
= ) () [F/(pb) f" (pb)p*b2 + [f'(pb)]2pb — f(pb) f/(pb) — f(pb) f" (pb)pb]

! 2
= Ty b ] |1+
[f'(pb)]?

F(pb)p

Because f(z) is concave, it follows that 1 — e(pb) > 0 and thus that

arb { <0, if a(pb) >1,

f”(plb)plb}
f'(pb)

[1 —e(pb)] [1 — a(pb)].

(97 == 0, if O[(pr) == 1,
Pl >0, ifa(pb)< 1.
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At last, note that
ofb ot ob 0ot ob

_ _ = / _
5 =~ 3,° 15, apﬂ)+f(pb)pap.

Using (35), we obtain
ot _ [f'(pb)]*pb /
o = g = €(pb) [ (pb).
dp f(pb)
]
Proof of Proposition 5. The critical inflation rate v4p is the value of +, where the bond
constraint of active consumers becomes just binding in the type-A equilibrium; i.e., (16) holds.

For a given C' < C', let q1, p1, ¢1, and by satisfy

5= 0=m) [+ (= dnp(an)] +n
n="0-)

01 = p1f'(p1b1),

b~ L=mu@) —ulg)] +1(d" ~ 1)
1= 7 ,

where we used «/(¢) = 1. The critical inflation rate y4p is the solution to

(1-9) f(p1b1)
o= gty |1 )

The critical value C' is the value of C' where the cash constraint of active producers becomes
just binding; i.e., m, = d,,, = M. Furthermore, since active and passive consumers are cash-
constrained in the goods market, we have m. 4+ d,, = p§ and m. = pq, respectively. Using
my = me = M and rearranging terms, we obtain ¢ = 2¢. Furthermore, we have u/(§) = 1 and

v2 =B{(1—n) [on+ (1 —dn/(g"/2)] +n},
p2 = i(l —9)s
ly = paf'(p2b2),
(1 —m)[u(g*) —ulg"/2)] +nq*/2
ls ’

by =

The critical entry cost C is the solution to

o=_(1-9) [f(p21102) —[bz} ‘

1-8(1-g9) lo

|
Proof of Proposition 6. We now assume competitive pricing in the secondary bond market,
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which changes the agent’s decision problem in the following way. As before, an agent enters the
secondary bond market with a portfolio (mj,b;) and leaves it with a portfolio (mj,i)j), where
j = c for consumers and j = p for producers. Let ¢ denote the price of bonds in terms of money
in the secondary bond market. Then, an active agent’s budget constraint satisfies

om; + ppb; = driv; + pb;. (36)

The left-hand side of (36) is the sum of the real values of money and bonds with which the agent
enters the secondary bond market, and the right-hand side is the real value of the portfolio with
which the agent leaves the secondary bond market. It is obvious that ¢ > 1 does not support
trades in the secondary bond market, since it is suboptimal for producers to trade for ¢ > 1. In
the following analysis, we thus focus on ¢ = 1. Trading is further constrained by two short-selling
constraints: Active agents cannot sell more bonds, and they cannot spend more money, than the
amount they carry from the previous period. That is

;> 0, bj > 0. (37)
Let Vlj (mj,b;) denote the value function of a consumer and a producer by holding (mj, b;) before
entering the secondary bond market. For ¢ = 1, producers are indifferent between trading in the
secondary bond market or not; i.e.,

le(mpa bp) = V2p(mpa bp) = VQP(mp» myp + by — 1) (38)
for any m, > 0, my, + b, —m, > 0. Therefore, the decision problem is up to consumers; i.e.,

Vi(me, be) = (1 — 0)Vy'(me, be) + dmax Vi (e, me + be — 1) s.t. e >0, me+ be — e > 0.

Note that

d‘/gc(mca Me + be — mc) _ 0 , if ¢pme > q*
dring =\ Sul(drme) — b >0 |, if e < g

Thus, the optimal . is

P

e [i mc+bc} Jif W/ (G(me + b)) — 1< 0
| =me+be if U/ (d(me + b)) — 1 > 0.

Therefore, we can formulate the value function of consumers as

(1 — 8)V§(me, be) + Vs (g,mc + b, — g) if u($(me + be)) < 1

39
(1 = 6)Vs(me,be) + Vs (me + be, 0) , if u/(d(me + be)) > 1. (39)

‘/lc(mCa bc) = {

Type-A Equilibrium. A type-A equilibrium is characterized by ¢ = 1 and % > u/(p(m+ b)) Tt
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is a list {q,q, gp, p, ¢, b, ¢} satistying (5), (11), (12), and

I = o

1= (4

% = (1—-n)§ [u(@) — ()] + (1 — n)u/(q) + n,
p = f(l—g)-

(43)

Because the cash constraint of active producers is non-binding, it follows that 1 = ¢ has to hold.
Equation (41) is immediate by (39). Equation (42) and (43) are derived from (38) and (39):

e
=1 —n)[(1 - 0)¢u'(q) + 0] + n¢
=¢[(1—=n)(1—=0)u(q)+ (1 —n)d+n],
and
vy ove vy

o~ >8b " ob,
=(1=n)(1—=9)[(1—08)p+d¢] +n(l—g)¢
= (1—9)¢.

Type-B Equilibrium. A type-B equilibrium is characterized by ¢ = 1 and < (p(m+ ¢b)). Tt

is a list {q,q, gp, p, ¢, b, ¢} satistying (5), (11), (12), and

= ¥

= qA_ q,

= (1—n)[0u'(q) + (1 - 0)u'(9)] +n,

_ 5{1—94—(1—71)5[”/(@)_1]}'

(47)

Because the cash constraint of active producers is non-binding, it follows that 1 = ¢ has to hold.
Equation (45) comes from the fact that active consumers sell all their bonds to active producers

for the same amount of money, so that

P = ¢m + ¢b = (b = ¢b = ¢rh — ¢m = § — q.
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Equation (46) and (47) are derived from (38) and (39):

avl ove  avP

om, o 6mp

(1 =n)[(1 = 0)pu'(q) + dou'(q)] + n¢
¢ [(1=n)ou'(q) + (1 —n)(1 — 8)u'(q) +n],

=(1-n)

and
)% oA (9Vp
=1 b, "o,
=1 —-n)1-g)[(1—0)¢+dpu'(4)] +n(l—g)¢
:¢{1—g+(1—n)5 [u/((j)—l]}
[
Proof of Proposition 7. From (17), we obtain
94n+ (1 —n)v'(q) 1—u/(q) yoy_ (L=mu"(q) g
" (%nn O R e (e P R e T
1A ( )ul(q) 1A iy 94 n, 04 o
— ou'(q) [77 . )u/(q)}g[ —u(q)+ (1 —nu (Q)%] + (1 —0)u (61)67,7 =0.
Hence if on # 1, then
1(A 1 - ul(q) R n+ (1 - U)U/(Q) u
o O pe i e Y9
377 W' (G (1 — 77) //(Q) u
) (61 <q>)77 AT ((11 6)) <(q>) "
a1 —nulg) oy T —nuq —
BT e 7 ) B R R 7)) e
yoy (L= mu"(q) o on
ou (Q)TH_ A @ (1—=0)u"(q)
If on =1, then

The effect on the demand of bonds is

HA—n)[u(@) —u@l+n@-—9)}
on
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From (18), we obtain

u'(q) — 1 {1+ n[v'(g) — 1] ]
Op _ Bl —n)é n+ (1 —n)u'(q) n+ (1 —n)u'(q)
an ot . u”(q) [1 (@) —1J(1 - 77)} g

n+ (1 —n)w(q) n+ (1 —n)uw'(q)

From Lemma 4, we know that the effect on the supply of bonds is

on

o(tb)  A(tb)dp  f'(pb)b

on dp on  alpb)

dp

[1 = €(pb)] [1 — a(pb)] x o

where %Z is given by (50). By market clearing, we obtain

@) (@] +d—q+ (=@ 2L~y (1= (g 2L

"(pb)b o
= LR 1 ][ alob)]
(@)~ 1 [1 L@ -1 ] (51
B(1l —n)é n+ (1 —n)u'(q) n+ (1 —n)u'(q)
Y u(§) W@ -U1-n] 9%
T = (@ [1 n+ (1= (Q) } n

With (48), (49), and (51), we can explicitly derive g—g, and g—f]. For instance, if 0 = 1, then we
have

o) -
g7q7 - [U(Q) - u(q)] +q¢—q+ u (Q) [uu(/?()A— U (q)]
Lo 8,
= ooy L PP = (b)) “u' (@' (@) ~ 1] < 0

By the continuity, if the values of § and 7 are large enough, then

@>0, w>0, @<0, @<O.
n on n

Next, we derive the effects of a change in 1 on welfare. From (5), we have

TS Pl ey Nl

Oqp
n n

on

31



Hence, together with (20), we obtain

(1—5)({22} =(1-n) [5“( >§f§+<l‘5> a )gﬂ %(Z’I/?
=(1—n) [5[u( )—1]%4—(1 §)[u'(q) —1]23] < 0.

Therefore, if én = 1, then %—12} <0. m
Proof of Proposition 7. From (17), we obtain

s+ (1 =n)u'(q) n+ (1 —n)u'(q) o
( >n+(1—n)U’(é) (@) +o < = D" @3
1 —n)u

4 (- @198 e g o~
Hence, if dn # 1, then we obtain
o) — (T A= mule) o+ (A —mu'le) o[ (=)@ |04
T L (e 3 M) MRS T -
9o 1A (1 — 77) _ o '
Oy 0~
If én = 1, then we obtain o » 7
g u(q)—u(q
95 u"(q) <0 (53)
The effect on the demand of bonds is
41— luld) =W 00—} _ 1 a4 1 a2

From (18), we have

o0 _ B0 (W@ -1 W@ [ W@ -0 )] o
R ’ 1 i) | ) O

~ + p
(I=mu'(q) 0+ 1 —nu(q) n+(1—=nu
From Lemma 4, we know that the effect on the supply of bonds is

o(tb) _ a(tb) dp _ f'(pb)b 9
05 = oy 58 = ol L b1~ alpb)] x 5L
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where % is given by (54). By market clearing, we have

-+ (= (@) 9 [+ (1~ ()] 5

, a5

A R - ) 5)
(Y T ES M M 7 ELLES
T e T @ | e T ) 50

With (52), (53), and (55), we can explicitly derive %, and %. For instance, if dn = 1, then we
have

dp By
%—;[U(Q)—” >0

o(fb) _ f(pb)b B

;[U'(Q) —1]>0

[1 = €(pb)] [1 — a(pb)]

26  alphb)
0g (@) @) @b B
e =D LR 1 )1 o) i) - 1] <.

By the continuity, if the values of § and n are large enough, then

p a(¢b) 94

Next, we derive the effects of a change in ¢ on welfare. From (5), we have

8% _ 9q _ @
n3s =(1-n) [586 (1 5)8(5+
Hence, together with (20), we obtain
ow a4 B Jq 1 Ogp
(1= 95 =1 =) [0 @G0+ (1= (@) 5+ u(d) ~ ula)] —n

~(1- ) {300/ @) - D50 + (1= Bl (0) - U5 +u(d) — ula) - G- )}

Note that if én = 1, then

1-gowW _ [W(g) - (@Iw(g) —1]

1—n 85 u”(q) +u(q) —ulq) — (¢ —q)
e —ule) W@ - W@ e @ -1
- Q)[ i i—a¢ @ l]
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Furthermore, note that

u(g’) —ulg)  w") —u(gu™) -1  _ ulg”) —ulq)

T —q - —q u/™*) T —q

—-1>0,

so by continuity, if v is not large (but ¢ and 7 are large), then we have

u(q) —

LN

|
|
>

|
(=

:\

=)
N—

i.e., welfare is improving as § increases (%—‘2} > 0), even if all agents consume less with a higher
value of 6. m
Proof of Proposition 9. From (5) and (14), we obtain

94

aqp—(1_n)(1—5)85+(1—n)(@—Q),

"o
9q _ nlu'(q) —1]
26 (1—dnu’(q)

Using these two expressions in (20), we obtain

(1= 9% = (1= n)(1 - 5l @) gt~ n 5 - (1= m)[ufd) ~ u(a)

—n . u/2
T - - -a-on

If n =0, then
(152 = (1= m)luld) ~ula) ~ (G~ 0)) > 0.
because
. . 1 [u(g) —u(q) 1 ., B
u(q)—u(q)—(q—q)-d_q[ L —1}>Q_q[u<q>_u_o.

Thus, if 7 is close to zero, then it is optimal to increase §. Now consider the case with n = 1,
where we have

1-BOW _ [u'(q) — 1)

1—n 86 u"(q) + [u(q) —ulq) — (¢ — )]
Note that / )
- (j,?(;) L @ - u@) - G- ) =0
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at ¢ = ¢, and

° { M0~ ) wta) G- q)}}
MO OP 0 Iy
= [v/(q) — 1] {1 [“/(q[L//(S]2///(Q)} >0
for ¢ close to §. Therefore, we have
2 <o

for v close to 5. m

Proof of Lemma 10. First, we consider the case with § = 0, which supports the type-A
equilibrium, ¢a, ga, ¢y a. Using the clearing condition (5), we have (1 —n)ga = ng, a, so that
welfare with § = 0 is given by

(1= B)Wls=o = U(z") — 2" + (1 = n)u(qa) — ngp.a
=U(@") — 2" + (1 = n)[u(ga) — qal,

where g4 satisfies % = (1 — n)u/(ga) + n by (14). Now, consider the case with § = 1, which

supports the type-B equilibrium, ¢g, ¢B, ¢p,B. By (5), we have (1 —n)jp = ng, B, so that welfare
with 6 = 1 is given by

(1= B)Wls=1 =U(z") — 2" + (1 — n)u(ds) — nap.B
(

where §p sati(?ﬁej % :) (1-— n)u’(tj@% +n by (17). Note that %ﬁfﬁggg > 1 for
n+(1—n)u'(gs

n <1and A= (Gn) = 1 for n = 1. Therefore §p > q4 for n < 1, and g = ga for n = 1. The
proof is completed by noticing that u(z) — x is concave and maximized at ¢* > Gp. ®
Proof of Proposition 11. From (5) and (14), we obtain

dq Jq
o _ ol(q) ~ 1]
an (1 —dn)u"(q)
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Using these two expressions in (20), we have

ow dq dq
1-8)——=(1- —6u'(q) == —n—=2
(1857 = (=1 - (@5~
(1-n)(1 - 9)d/(q) —1]?
= 2 < 0.
(1= dn)u"(q)
]
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