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ABSTRACT

Central banks around the world routinely engage in asset purchases in secondary mar-
kets as part of implementing monetary policy or enhancing market liquidity, but the ef-
fects of such interventions are not yet fully understood. We develop a multi-asset general
equilibrium model in which the liquidity of an asset is endogenous and depends on the
terms of trade in each asset’s respective secondary market, which are, in turn, driven by
agents’ market entry decisions and the possibility of central bank intervention. We use
our model to qualitatively and quantitatively rationalize the superior liquidity of U.S.
Treasuries over corporate bonds of comparable safety. Our model highlights and quan-
tifies an unexplored link between fiscal and monetary policy: central bank interventions
in the market for Treasuries increase secondary market liquidity for these securities, thus
indirectly aiding the Treasury to borrow at lower rates. Our results also reveal that cen-
tral bank interventions can have spillover effects on markets where the bank does not
participate, offering a cautionary note to both policymakers and empirical researchers.
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1 Introduction

U.S. Treasuries sell at higher prices than corporate or municipal securities of similar char-
acteristics, even after controlling for safety, a phenomenon that is often ascribed to their
superior liquidity (Krishnamurthy and Vissing-Jorgensen, 2012). At the same time, the sec-
ondary market for Treasuries is the market in which the Federal Reserve has traditionally
implemented its asset purchase programs. This paper argues that the well-established
liquidity advantage of U.S. Treasuries can be attributed to the fact that the monetary au-
thority routinely participates in the secondary market for these particular securities. In
doing so, we uncover an unexplored link between monetary and fiscal policy: central
bank interventions improve liquidity in the secondary market for Treasuries, thus increas-
ing investors’ willingness to pay higher prices in the primary market, which aids the fiscal
authority borrow at lower rates. Our analysis also reveals that central bank interven-
tions can increase liquidity even in markets where the central bank does not participate,
offering some cautionary notes for both policymakers and empirical researchers.

To study our research questions, we need a model that is explicit on both the mi-
crofoundations of asset liquidity and the mechanism through which central bank market
participation affects that liquidity. To develop such a model, we build on the Lagos and
Wright (2005) framework, extended to include multiple assets, imbued with the indirect
liquidity concept of Geromichalos and Herrenbrueck (2016). After making their portfolio
decisions, agents receive an idiosyncratic shock that determines whether they will have
a spending opportunity in that period; active agents visit secondary asset markets to
sell/liquidate assets for money, and inactive agents are the providers of liquidity. Thus,
in our model, assets cannot be used as media of exchange or collateral to purchase con-
sumption, but they can be sold for money in their respective secondary market. Conse-
quently, the liquidity of an asset is not determined by some ad hoc assumption regarding
how much “convenience” it provides to the holder or how “pledgeable” it is in transac-
tions. The liquidity of an asset is endogenous and depends on the probability and terms
of trade in each asset’s respective secondary market, which depend on agents’ optimal
market entry decisions and are, in turn, influenced by a possible central bank interven-
tion. An empirically relevant feature that separates our paper from much of the existing
literature on central bank asset purchases is that secondary asset markets are modeled as
Over-the-Counter (OTC) markets characterized by search and bargaining.!

! Adopting an OTC market structure allows us to explicitly capture key concepts, such as the probability
of (not) finding a trading partner, the terms of trade that investors can negotiate in bilateral meetings, and
the crucial idea that if the central bank is actively purchasing assets in a certain market, that affects not
only the trade probability of an asset seller, but also her “outside option” in a private negotiation (i.e., the
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More concretely, we consider a two-asset model in which each asset trades in a dis-
tinct OTC market (OTC4 and OTCp) and agents choose to visit the market with the best
expected trading conditions. A key theoretical innovation is that the central bank inter-
venes in one of these markets (without loss of generality, OTC 4) with a certain probability
known to all participants. When active, the central bank does not influence the matching
function that brings together buyers and sellers of assets in OTC,. Rather, it acts as a
buyer of last resort by committing to purchase any amount of asset A at an announced
price. This intervention affects the prospects of sellers in OTC, in two ways: first, it of-
fers sellers an additional opportunity to sell assets if they do not meet a private buyer,
and second, it affects trades between private investors since sellers can threaten to walk
away and sell their assets to the central bank instead. In this environment, we study how
a central bank intervention in OTC 4 affects agents” market entry decisions and eventually
the liquidity and equilibrium prices of both assets.

In our model, agents buy assets in the primary market before knowing whether to-
morrow they will turn out to be buyers or sellers, but are willing to pay a high premium
today if they expect to be able to sell assets at favorable terms down the road. The pres-
ence of the central bank improves the prospects of sellers in OTCy,, both in case they
match with a private buyer, through an improved outside option, and in the event that
they sell assets directly to the central bank. Thus, a more frequent central bank interven-
tion (or a higher announced price) tends to increase investors” willingness to pay a higher
premium to hold asset A. However, in addition to this direct effect, a central bank in-
tervention in OTC 4 also generates a spillover effect in OTCp. This effect operates through
the entry decisions of asset buyers, who are crowded out of OTC,4 (and into OTCp), as
they realize that the presence of the central bank in that market serves as a bargaining
chip in the hands of sellers. The decreased (increased) entry of buyers in OTC4 (OTCp)
raises the probability of a match with a private buyer in OTCp, thus inducing investors
to pay a higher liquidity premium for asset B. (Sellers like markets awash with buyers
because they imply high trading probabilities.) This spillover effect is a novel theoretical
insight that arises in our framework because of the carefully modeled general equilibrium
market entry decisions, and highlights that central bank market purchases can increase
liquidity even in markets where the bank does not participate.

Next, we use our model to study the superior liquidity of U.S. Treasuries, i.e., the
well-known fact that U.S. government-issued bonds sell at higher prices than corpo-

rate (or municipal) bonds of similar characteristics, including safety. Our paper makes

credibility of a threat to walk away and sell to the central bank instead). For a careful justification of the
empirical relevance of OTC markets, see the recent book of Hugonnier, Lester, and Weill (2025).
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a twofold contribution. First, it shows that a calibrated version of our model can quantita-
tively explain the yield differential between Treasuries and safe corporate bonds observed
in the data and attribute the well-established liquidity advantage of Treasuries to the in-
terventions of the Federal Reserve in the secondary market for these particular securities.
Additionally, our quantitative analysis shows that the presence of the Fed in the Treasury
market accounts for 17% of the total liquidity premium of U.S. Treasuries, a component
which we dub the central bank premium.> We also provide a comparative statics analy-
sis that explores how changes in the two key policy parameters, the frequency of central
bank intervention and the announced purchase price, affect the various components of
the Treasury liquidity premium.

The second contribution of our paper is to highlight an unexplored link between mon-
etary and fiscal policy (which in the macroeconomics textbook are supposed to be indepen-
dent of each other). Once the U.S. Treasury has issued its securities, these securities trade
in a secondary market that is not in any way controlled by the Treasury. However, this
market happens to be the one in which the Federal Reserve has traditionally performed
its open market operations.> Our model emphasizes that central bank asset purchases
in a specific secondary market, in this case the one for Treasuries, raise the resale value
of these assets and, through our indirect liquidity mechanism, increase the willingness
of investors to pay higher prices in the primary market, thus allowing the Treasury to
borrow funds at a lower rate. Our counterfactual exercise reveals that the U.S. Treasury
saves around 10 billion dollars per quarter (on the issuance of 10-year Treasuries alone)
due to the increased liquidity of its securities, compliments of the Fed’s interventions in
their secondary market. The calibrated model also allows us to assign a number on the
spillover effect described earlier: the central bank presence in the Treasury market saves
firms around a billion per quarter on the issuance of corporate bonds.

Our results deliver two cautionary notes, one for policymakers and one for empirical

researchers. First, regarding policy implications, our spillover effect result suggests that

2The central bank premium can be further decomposed into an outside option as well as a last resort
component. The former reflects the additional gain a seller obtains by threatening to sell to the central bank
if the buyer offers an unfavorable price, while the latter arises when the seller fails to meet a private buyer
and, hence, sells directly to the central bank. For details, see Section 5.3.

3 Even though open market operations have ceased to be the primary means through which the Fed
manipulates the federal funds rate since the Global Financial Crisis, they still form an important piece of
the monetary policy toolbox and they are quantitatively significant—see Section 5.1 for details. In par-
ticular, the Fed uses them to maintain an ample supply of reserves in the system, an integral aspect of
the floor/ample reserves monetary policy regime implemented after 2008. For institutional details, see:
https:/ /www.federalreserve.gov/monetarypolicy /openmarket.htm, https:/ /www.federalreserve.gov/a
boutthefed/files/the-fed-explained.pdf and https:/ /www.stlouisfed.org/publications/page-one-econo
mics/2020/08/03/the-feds-new-monetary-policy-tools.
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liquidity in a particular market can be improved without direct intervention in this mar-
ket. On the flip side, our results also imply that central bank interventions can crowd out
private market interactions, thus mitigating the effectiveness of asset purchase programs
on liquidity. This concern was explicitly voiced by Ben Bernanke, the chairman of the
Fed, in his 2012 Jackson Hole speech:

One possible cost of conducting additional large-scale asset purchases is that
these operations could impair the functioning of securities markets... Con-
ceivably, if the Federal Reserve became too dominant a buyer in certain segments
of these markets, trading among private agents could dry up, degrading liquidity...
(Bernanke 2012; emphasis added)

The second cautionary note applies to empirical researchers aiming to tease out the causal
effect of central bank interventions by comparing the market where the intervention took
place (“treated”) with some other market where the central bank was not active (“con-
trol”). The lesson drawn from our analysis is that the time window around which this
comparison takes place has to be very short to enable the identification of the causal ef-
fect of the central bank intervention. Eventually, investors may exit the treated market
and enter the control one, in which case the comparison between the two markets will be
contaminated by the spillover effect, which can be substantial according to our model.

1.1 Related literature

The present paper belongs to the branch of the New-Monetarist literature that provides
microfoundations for asset liquidity, including Geromichalos, Licari, and Suarez-Lled6
(2007), Lagos (2010), Nosal and Rocheteau (2013), Hu and Rocheteau (2013), Andolfatto,
Berentsen, and Waller (2014), Lee and Jung (2020), and Lee (2020); see Lagos, Rocheteau,
and Wright (2017) for an overview. Some recent papers employ the indirect liquidity
approach also adopted here, i.e., they assume that assets do not serve directly as media
of exchange or collateral in transactions but can be liquidated for money in secondary
markets upon the arrival of a consumption need.* Examples include Geromichalos and
Herrenbrueck (2016), Mattesini and Nosal (2016), and Altermatt, Iwasaki, and Wright
(2023). Our model shares some ingredients with Geromichalos, Herrenbrueck, and Lee

(2023a,b), which feature two-asset models in which agents make optimal market entry

4 Since the liquidation of assets takes place in OTC secondary markets, our paper is also related to the
literature initiated by the seminal paper of Duffie, Garleanu, and Pedersen (2005), e.g., Weill (2007), Vayanos
and Weill (2008), Lagos and Rocheteau (2009), Chang and Zhang (2015), Uslii (2019), and Gabrovski and
Kospentaris (2021).



decisions. However, none of these works features the key ingredient of the present paper,
which is central bank intervention in secondary markets, and how it affects liquidity in
general equilibrium.

Given our focus on the impact of central bank interventions on asset prices, our paper
is also related to several papers aiming to understand this connection, such as Gertler and
Karadi (2011, 2013), Del Negro, Eggertsson, Ferrero, and Kiyotaki (2017), and Kiyotaki
and Moore (2019). However, these works do not explicitly model the secondary markets
in which central bank intervention takes place. Closer to our approach are papers from
the New-Monetarist literature that study central bank interventions with explicit micro-
foundations such as Berentsen, Marchesiani, and Waller (2014), Afonso and Lagos (2015),
Chiu and Koeppl (2016), Armenter and Lester (2017), Rocheteau, Wright, and Xiao (2018),
Madison (2019), Geromichalos and Herrenbrueck (2022), and Lagos and Navarro (2023).
A distinctive characteristic of our model is that it features two financial assets together
with optimal investment and market entry decisions that determine each asset’s liquidity
endogenously. This is crucial as it allows us to study the spillover effects between the two
asset markets and the unintended consequences of central bank interventions on markets
other than the one where interventions take place. Importantly, as the list of asset markets
where central bank interventions take place has been expanding over the past 20 years,
our multi-asset general equilibrium model can provide useful insights regarding how the
intervention in a new market can affect liquidity and asset prices across the board.’

Although the standard treatment in the undergraduate textbook implies that fiscal
and monetary policies (are supposed to) act independently, there is an important litera-
ture, starting with Sargent and Wallace (1981) and Wallace (1981) and reviewed by Bas-
setto and Sargent (2020), studying their interaction. More recently, this interaction has
been explored in the context of Heterogeneous Agents New Keynesian models (Kaplan,
Moll, and Violante, 2018; Alves, Kaplan, Moll, and Violante, 2020), as well as in models of
the fiscal theory of the price level (Cochrane, 2021). The channel through which monetary
policy affects fiscal policy in our model is unexplored, since it rests on the explicit mod-
eling of the secondary asset market and the behavior of participants therein. In reality,
and in our model, the Fed does not aid the Treasury by purchasing bonds directly from it.
But it ends up assisting the Treasury by increasing liquidity in the secondary market, thus
increasing the willingness of investors to buy bonds from the Treasury at higher prices.

In that sense, our channel is closer to an important Industrial Organization literature that

5 Before the Global Financial Crisis, the idea that the Fed would purchase assets other than Treasuries
seemed inconceivable. Analogously, one cannot rule out the future expansion of central bank activity in
(what today is deemed) exotic markets and, hence, the need for multi-asset general equilibrium models
that are well suited to study these expansions.



highlights the importance of secondary market activity for the determination of prices in
the primary market (Rust, 1985, 1986).

The rest of the paper is organized as follows. Section 2 describes the model and
offers a discussion of some key assumptions. In Section 3, we analyze the model and in
Section 4 we characterize the equilibrium. Section 5 describes our calibration strategy and
illustrates our main results. Finally, Section 6 concludes.

2 The model

Our model is an adaptation of the indirect asset liquidity model of Geromichalos and
Herrenbrueck (2016), which in turn is a hybrid of Lagos and Wright (2005) (LW hence-
forth) and Dulffie et al. (2005). Time is discrete with an infinite horizon. Each period
consists of three sub-periods, where different economic activities take place. During the
first sub-period, two distinct OTC asset markets open, denoted by OTC;, j € {4, B}.
Agents who hold assets of type j can sell them for money (only) in the designated market
OTC;. Without loss of generality, let OTC,4 be the market in which the central bank par-
ticipates to purchase assets. In the second sub-period, agents visit a decentralized goods
market as in LW, where trade is bilateral and the usual frictions, such as anonymity and
imperfect commitment, make a medium of exchange (i.e., money) necessary. We refer to
this market as the DM. During the third sub-period, economic activity takes place in a
centralized market, which is the settlement market of LW, and we refer to it as the CM.
There are two types of agents, consumers and producers, named by their role in the DM,
and the measure of both types is normalized to the unit. All agents are infinitely lived.

Before we move on with the description of the environment, a quick comment on
terminology is in order. Since the DM “consumers” are the only agents who make mean-
ingful portfolio and market entry decisions, henceforth, when we say “agents”, it is un-
derstood that we refer to the “consumers”. The agents who produce in the DM will not
play an important role in the analysis; on the rare occasions these agents come up we refer
to them as “producers”. Importantly, we reserve the terms “buyer” and “seller” to refer
exclusively to agents who buy and sell assets in OTC markets.

We now move on to a detailed description of the various sub-periods. In the third
sub-period, agents choose their money holdings for the next period, and we let ¢, denote
the real price of money. The supply of money is controlled by the central bank and follows
the rule M,y = (1 + p)M,;, p >  — 1. New money is introduced, or withdrawn if © < 0,
via lump-sum transfers in the CM. Agents can also purchase any amount of asset j, j €

{A, B}, at (nominal) price p,. Both of these assets are 1-period discount bonds, i.e., each
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unit of (either) asset purchased in period ¢'s CM, will pay 1 dollar in the CM of period
t + 1 with certainty. The supply of both assets is exogenous and given by S;, j € {4, B}.
Although both assets are risk-free, agents may seek to sell them before maturity, and our
goal is to examine how the central bank’s decision to purchase (type-A) assets in OTC 4
will affect both assets’ liquidity properties.

After making portfolio decisions in the CM, agents receive an idiosyncratic shock: a
measure ¢ < 1 will be active in the forthcoming DM, and we refer to them as C-types.
The remaining 1 — ¢ agents will be referred to as N-types (“not consuming” in the current
period). Since agents made their portfolio choices before the idiosyncratic shock was
realized, N-types will typically hold some money that they do not need in the current
period, and C-types will hold an insufficient amount of cash, since carrying money across
periods is costly. The OTC round of trade, which takes place before the DM, but after the
realization of the idiosyncratic consumption shock, allows the reallocation of money into
the hands of the agents who value it most, namely the C-types.

We now describe the structure of the OTC round of trade. OTC markets are distinct:
an agent who wants to sell or buy assets is free to enter OTC 4 or OTCp, but must choose
one market at a time. This assumption (which we discuss in Section 2.1) has an important
implication. In equilibrium, assets will carry a liquidity premium due to their ability to
be transformed into money, thus relaxing a binding liquidity constraint. Agents will be
unwilling to pay that premium for assets whose liquidity they cannot utilize. Since agents
can only enter one OTC market per period and anticipate having to choose between OTC 4
and OTCp eventually, they will choose ex ante (i.e., in the CM) to “specialize” in asset A
or B (although there is no exogenous constraint forcing them to hold only one asset).

We now move to the most novel feature of our model, the central bank asset market
intervention. As we have mentioned, the central bank participates in OTC, to purchase
that specific type of asset. We assume that the intervention in OTC, takes place with
probability = € (0,1). This probability is public information, but the associated uncer-
tainty will only be resolved at the end of the CM, which means that agents make their
portfolio decisions without yet knowing whether the central bank will be active in next
period’s OTC,4. When the central bank participates in OTCy,, it commits to purchasing
any amount of asset A at the predetermined price p, which we treat as one of the policy
parameters of the model. (See a detailed discussion in Section 2.1.)

Since secondary markets are OTC, we must take a stance on how C-types (asset sell-
ers) meet with individual buyers versus the central bank. Suppose for the moment that
the idiosyncratic consumption shock has been realized and all C- and N-types have de-
cided which OTC market they wish to visit. (These choices are far from obvious, and



we describe them in detail in Section 4.1, but for now we consider a partial equilibrium
argument.) Letting C;, N; denote the measure of sellers and buyers in OTC;, j = {4, B},
respectively, we assume that the constant return to scale matching function

SEATIY P 0, (1)

brings together C-types and N-types in OTC,, where 0 is a matching efficiency parameter.

The matching function f describes how individual buyers and sellers meet in either
OTC market. But we still need to specify how C-types in OTC,4 sell assets to the cen-
tral bank (when the bank is active). We assume that C-types who enter OTCy,, but do
not match with a buyer, proceed to sell assets to the central bank (at the stated price p).
To make things interesting and empirically relevant, we also assume that C-types who
meet a buyer in OTC, can threaten their trading partners to walk away from the match
and sell their assets to the central bank. With agents negotiating the terms of trade based
on the egalitarian bargaining solution (Kalai, 1977), the C-types will never carry out their
threat on the equilibrium path. However, the presence of the central bank in OTC 4 and its
commitment to purchase any supplied amount of asset A at the stated price, offers asset
sellers a valuable outside option in their negotiations.® In sum, the central bank interven-
tion in OTC4 not only offers an additional opportunity to sell assets for C-types who did
not match with a buyer, but also influences the attainable terms of trade for C-types who
did match with a buyer. To close the description of the OTC round of trade, let 6 € (0, 1)
denote the bargaining power of the C-type in any private OTC meeting.

Lastly, consider the second sub-period, which is the standard DM of LW. C-type
agents meet bilaterally with producers and negotiate the terms of trade. Exchange ne-
cessitates a medium of exchange, and only money can serve that role. Since all the inter-
esting results of the paper follow from agents’ interaction in the OTC round of trade, we
keep the DM as simple as possible, assuming that all C-types meet a producer and they
make a take-it-or-leave-it offer.

Figure 1 summarizes the timing of the main events. This is a good point to empha-
size that the matching efficiency () and the seller’s bargaining power (6), i.e., the param-
eters that jointly capture what authors refer to as “market microstructure”, are identical
between OTC,4 and OTCp. This means that our model does not assume an exogenous
liquidity advantage of asset A over asset B: any liquidity differential in favor of asset A

6 See also Lee (2024), who exploits this outside option channel to explain why in some crises the Federal
Reserve must purchase assets on a large scale, while in others just announcing that they will purchase a
certain amount of assets can be sufficient without massive purchases.
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Figure 1: Timing of events.

that arises in equilibrium originates from the central bank intervention in OTC 4.

2.1 Discussion of key modeling choices

Since our paper studies the effects of central bank asset purchases within the context of
a new, microfounded model of asset liquidity, some of the model’s ingredients are non-
standard and require further justification.

A key assumption in our analysis is that secondary markets are segmented and
agents can visit only one per period. The first part of this assumption is totally realistic.
For example, Treasuries and corporate or municipal bonds trade in secondary markets
that are completely distinct from each other. What is perhaps a stronger assumption is
that agents can visit only one OTC market per period. (Recall that agents are free to hold
both assets, but choose to specialize only on one to avoid paying a premium for the liquid-
ity services of an asset that they will not utilize.) This assumption is not meant to be taken
literally and is just a stark way of capturing the idea that trading a particular type of asset
is costly, and agents will visit more frequently the secondary market where they expect
to find the best terms of trade. For the interested reader, Geromichalos et al. (2023a) con-



sider a more general model where agents have the option to trade both assets in the OTC
round but choose not to exercise it, thus providing some microfoundations for the asset
specialization result.

Next, in our model (as in reality) the central bank purchases assets in OTC markets
which, following the influential work of Duffie et al. (2005), we model as markets charac-
terized by search frictions. Therefore, we need to take a stance on how asset sellers meet
and trade with this new “big player” versus individual buyers. Although the idea that
a seller has to search for a private buyer in OTC markets is certainly realistic, assuming
that she needs to devote resources to locate the central bank is unreasonable. To capture
this concept, we assume that a seller always has the option to trade with the central bank.
Still, one needs to specify whether sellers trade with the central bank before or after they
have attempted to match with private buyers. We choose the latter because it is incentive
compatible: sellers themselves would choose to trade with private buyers first to bene-
fit from the outside option advantage.” Moreover, our assumption that the central bank
acts as a buyer of last resort purchasing bonds at a predetermined price offers a tractable
way of capturing an empirically relevant fact: asset sellers obtain both a direct and an
outside option benefit from the central bank’s presence in a specific market. Although
in reality it is more common that central bank announcements specify interventions of a
particular size, market participants are able to build expectations from those announce-
ments about the price at which they can sell assets to the central bank.® More formally, in
Appendix B we show that for any equilibrium of the model where the central bank fixes
the purchase price, there exists a corresponding purchase size that can generate the same
equilibrium. Thus, we could also model the central bank intervention assuming that the
bank announces the size of the asset purchase rather than the price, but out of the two,
we favor the more tractable approach.

Finally, we assume that the central bank intervenes only in OTC,4, which in the con-
text of our application stands for the secondary market for Treasuries, while OTCy is
interpreted as the secondary market for corporate bonds (of comparable characteristics).
This assumption is in accordance with institutional practice. The FOMC’s Authorization
for Domestic Open Market Operations (together with the Authorizations and Continuing
Directives) limits the Desk’s routine open market operations to “Eligible Securities”, de-

fined as U.S. Treasury and U.S. agency obligations; corporate securities are not included

7 Sellers who trade with private buyers are better off than those who trade with the central bank, as their
surplus is equal to the outside option (trading with the central bank) plus a fraction of the match surplus.

8 A similar point is made in the recent paper by Haddad, Moreira, and Muir (2025), where the authors
show that investors can infer the purchasing price of bonds from the central bank’s announcement about
the purchase size.
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among those eligible securities and, in practice, are not held in the System Open Mar-
ket Account portfolio. During the COVID-19 crisis, the Fed expanded its operations to
the secondary market for corporate bonds via the Secondary Market Corporate Credit
Facility (SMCCEF); however, this was a temporary emergency lending facility established
under Section 13(3) that ceased purchasing assets on December 31, 2020.” Having said all
that, the main results of the paper would not change significantly if we assumed that the

central bank intervenes in both OTC markets, but more often so in OTC 4.

3 Analysis of the model

3.1 Matching probabilities

First, we describe the probability that an individual agent matches in the OTC market of
her choice. Let e; € [0,1], 7 € {C, N}, denote the fraction of type-i agents who choose to
enter OTCy4. Recall from the discussion in Section 2 that C-type agents effectively make
this decision in the CM, since they choose to specialize in one asset. On the other hand,
N-types want to buy assets and their money is good in either OTC, so these agents do not
have to precommit.’® The measures of asset sellers and buyers in OTC, are denoted by
ecl and ey(1 — /), respectively, while the corresponding measures in OTCp are (1 — ec)¢
and (1 —ex)(1 — ¢). The terms e; € [0, 1], 7 € {C, N}, will be endogenously determined
in equilibrium.

Let oy; € [0,1] denote the matching probability of a type-i agent in OTC;, where
i€ {C,N}and j € {A, B}. These probabilities are given by

o _ f(ecﬁ, 6]\/(1 — E)) o _ ((1 — Gc)f, (1 — 6]\[)(1 - é)) (2)
CA ecg ) CB (1 — 60) )

s — f(ecﬁ, en(1— 6)) o f((l —ec)l, (1 —en)(1— E)) 3)
A en(I1—¢) NB (I—en)(1—20) '

3.2 Value functions

We begin with the description of the value functions in the CM. Consider first an agent

who enters this market with m units of fiat money and d; units of asset j = {A, B}. The

? The temporary nature of the SMCCF is clearly conveyed in Chair Powell’s November 20, 2020 letter
to Secretary Mnuchin, where he refers to it as an “emergency lending facility”: https:/ /www.federalreser
ve.gov/foia/letter-from-chair-powell-to-secretary-mnuchin-20201120.htm.

10 For simplicity we assume that N-types decide which OTC market to visit before the uncertainty about
the central bank’s participation in OTC 4 is realized.
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Bellman equation of the agent is given by

X, H,m',d},,d},

W(m,da,d) =  max {X — H + BE | max {Q,(m', d}, dp), (', diy, dp) } }

st. X+ o(m' +pady +ppdy) =H+@om+T+da+dp),

where variables with primes denote portfolio choices for the next period, E is the expec-
tations operator over the realization of the various shocks (the idiosyncratic consumption
shock and the uncertainty regarding the central bank’s involvement in OTC,), and {2,
represents the agent’s value function in OTC;, j € {A, B}. The max operator indicates
that the representative agent can choose to visit the market where she expects to find
the best terms. Next, we substitute X — H from the budget constraint into W, and we
decompose (2 into its various components to rewrite the value function as

mi,d’y,d}

W(m,da,dp) = o(m +T +ds+dp) + max {—SO(W/ + pady + ppdp)
+ Bfmax {méA(m’, d'y ds) + (1 — ) Qea(m’, dy, db), Qep(m!,d', dg)}

# 3(1 = )max {m Qa0 ) + (1= 1) Da (' ), Dl s, )},

where ,; denotes the value function in OTC;, j € {A, B}, for an agent of type i € {C, N }.
In the last expression, we have used the fact that the representative agent becomes a C-
type with probability ¢, and that the central bank participates in OTC 4 with probability 7.
Note that the € functions that are multiplied by 7 inside the maximum operator feature
the superscript A, e.g., Q7,. This notation indicates the agent’s value function when the
central bank is “Active” in OTC 4.

As is standard in models that build on LW, the agent’s optimal choice does not de-
pend on the current state (due to the quasi-linearity of /), and the CM value function

is linear:
W(m,dA,dB) :gp(m+dA+dB)+T, (4)

where T collects the remaining terms that do not depend on the state variables.
In this type of model, a producer will not wish to leave the CM with positive amounts
of money and bonds, and when she enters the CM she only holds money that she received
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as payment in the preceding DM. The producer’s CM value function is given by

WF(m) = %%({X — H+pv"}

st. X =H+pm,

where V' denotes her value function in the forthcoming DM. We can again use the budget
constraint to substitute X — H and show that W’ is linear:

Wr(m) =pm+ V' =pm+ 1" (5)

We now turn to the description of the OTC value functions in the various states. Be-
fore we go to details, we offer a mnemonic rule that will help the reader comprehend the
notation that follows. As expected, the various terms of trade in OTC,4 depend crucially
on whether the central bank is actively purchasing bonds in the current period. Gener-
ally, variables that involve the “tilde” symbol (e.g., ) will denote terms of trade that are
negotiated between individual agents in the presence of the central bank. (Recall that the
terms of trade between individual investors may be affected by a central bank interven-
tion through the outside option channel.) In addition, variables that involve the “bar”
symbol (e.g., ) will denote the terms of trade that agents receive when they are trading
directly with the central bank.

Given this discussion, let 5 4 and z 4 denote, respectively, the amount of money trans-
ferred to the C-type and the amount of asset A sold by the C-type (and transferred to the
N-type) in a typical match in OTC4 when the central bank is active. Also, let £, and 74
denote the amount of money transferred to the C-type and the amount of asset A sold by
the C-type when that agent trades directly with the central bank. The terms {4 and x4
will denote the corresponding money and asset transfers in OTC 4 when the central bank
is not active.!! The determination of these terms is described in Lemmas 2, 3, 4, and 5.
Using the matching probabilities defined in equations (2)-(3) and the CM value functions

defined above, we can now describe the OTC value functions 2, and €2, ;, which we in-

157

1 The terms £, 2 5 never feature a “tilde” or a “bar” since the central bank does not participate in OTCp.
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troduced earlier:

Qé‘A(ma da,dp) = acaV(m + Eayda—Fa, dg) + (1 —aca)V(m+E&,,dy —Ta,dg)

=V(m+&4,da —Ta,dp) + acaSoa, (6)
Oy a(m,da,dp) = ayaW(m — Ex,da+ Ta,dg) + (1 — ana)W(m, da, dp)

=W (m,da,dp) + axaSna, (7)
Qca(m,da,dp) = acaV(m +&a,da — wa,d) + (1 — aca)V(m,da,dp)

=V (m,da,dp) + acaSca, (8)
Qna(m,da,dp) = ayaW(m —Ea,da +xa,dp) + (1 — aya)W(m,da,dg)

=W(m,da,dp) + anaSna, )
Qcep(m,da,dg) = acgV(m+E€p,da,dp — z5) + (1 — acp)V(m,da,dp)

=V(m,da,dp) + acpScs, (10)
Qnp(m,da,dg) = angW(m — &g, da,dp + xp) + (1 — ang)W(m,da,dp)

=W(m,da,dp) + anpSnp- (11)

A few clarifications regarding equations (6)-(11) are in order. First, consistent with
the mnemonic rule described earlier, :Si 4 (Si4) denotes the trade surplus of type i in a
bilateral investor meeting in OTC4 with (without) central bank intervention. These terms
will be described in detail in the subsequent sections. Next, notice that N-type agents
proceed directly to the next period’s CM. The V' terms denote the agent’s value function
in the DM, given by

V(m,da,dg) = u(q) + W(m — 7,da,dp),

where ¢ and 7 stand for the quantity of goods traded and the total payment in fiat money,
to be described below. Finally, notice that the asset portfolio with which the agent enters
the DM need not be the same as her original portfolio (m,d4, dg), since that agent may
have traded in the OTC round. For example, in equation (6), V' (m + 3 4,da —Ta,dp) is the
value function of an agent who walks into the DM after trading in OTC 4 with the central
bank. For future reference, this value function can be expressed as

V(m + EA? dA - EA7 dB) = V(m7 dA, dB) —f-gCA,

where Sca denotes the seller’s trading surplus in a pairwise meeting with the central
bank in OTC,4, and it is described in what follows.
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3.3 Terms of trade in the DM

Consider a meeting between a C-type agent with portfolio (m,d4,ds) and a producer
who, at the start of the DM sub-period, has no money or assets. The parties bargain over
a quantity ¢ to be produced by the producer and a cash payment 7 to be made by the C-
type agent. The agent makes a take-it-or-leave-it offer that maximizes her surplus, subject

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

max Sp st —q+ WP () -WF0)=0, 0<7<m,

T7q

where the C-type’s surplus satisfies Sp = u(q) + W(m —7,da,dg) — W(m,d 4, dg). Substi-
tuting the value functions W and W from equations (4) and (5) reduces the problem to

max u(q) — 7 st. g=¢1, 0<7<m.
T7q

Lemma 1. Let m* be the amount of cash required to purchase the first-best quantity ¢* at the
centralized-market price of money ¢, i.e., m* = q* /. Then the solution is

7(m) = min{m, m*}, ¢q(m) = pmin{m, m*}.

Proof. The proof is standard and is, therefore, omitted. O

As is standard in models that build on LW, the terms of trade in the DM are fully
driven by whether the agent (here, the C-type agent) carries enough money to purchase
the first-best quantity ¢*. Of course, whether she carries that critical amount of money m*
will depend on her trading history in the OTC round of trade. We now move to the de-

scription of the terms of trade in that round.

3.4 Terms of trade in OTC markets

We begin by considering a meeting between an asset seller and the central bank. Recall
that the central bank commits to purchasing any quantity of asset A at the predetermined
price p < 1. The surplus of a C-type who enters the OTC round of trade with portfolio
(m, da, dp) and trades with the central bank is given by

Soa=V(m+E,,da—Ta,dg) —V(m,da,dp)
=V(m+DTa,da —Ta,dp) —V(m,da,dp) = u(q(m +pTa)) — u(qg(m)) — ¢Ta,
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where E 4,24, and V were defined in Section 3.2. If the C-type/asset seller finds herself in
a transaction with the central bank, she solves the following problem:

max ECA st. 0 S T A S dA, EA = ﬁfA-
Ta,€a

The solution to this maximization problem is described in the following lemma.

Lemma 2. Define g and m such that ¢ = {q : v/(¢) = 1/p} and m = G/p. The terms of trade
between the seller and the central bank are characterized as follows:

Ifm <m, thenZs = min{dA, (m — m)/g_)}, = min{}_?dA, m— m};
Ifm>m, thenT, =0, £, = 0.
Proof. See Appendix A. O

Lemma 2 is intuitive. Every unit of asset A that the C-type sells to the central bank
allows her to boost her money holdings and DM consumption. However, since the C-
type agent takes p as given, she has to balance this liquidity boosting benefit against the
discount/haircut that she receives on every unit of assets sold. (Recall that p < 1, and the
agent can receive 1 dollar per unit of assets if she holds on to them until the forthcoming
CM.) The term g < ¢* is the amount of DM good associated with the transaction that
maximizes the C-type’s overall OTC surplus, and m < m* is the amount of money the
C-type would hold as she leaves the OTC, after this (surplus maximizing) transaction.
The lemma states that the terms of trade in the scenario under consideration are driven
by whether the C-type entered the OTC round with money holdings that exceed m. If
this is the case, the agent will choose to not trade at all with the central bank. But if
m <, then the agent will sell (at price p) the amount of assets that allow her money
holdings to reach m when OTC trade has concluded (or get as close as possible, if her
assets are insufficient).

Next, we consider inter-investor meetings. Let (m,d4,dp) denote the portfolio of
the typical asset seller (C-type) and (772, d4, dg) the portfolio of the typical asset buyer
(N-type). We distinguish two cases: Case 1, with central bank intervention, and Case
2, without central bank intervention. In Case 1, the seller’s outside option depends on
whether her money holdings exceed the critical amount 7 when she enters OTC,4. Ac-
cordingly, we divide Case 1 into two subcases: Case 1.1, where m < m, and Case 1.2,
where m > m. As before, the seller and the buyer split the available surplus through
proportional bargaining, with § € (0, 1) denoting the seller’s bargaining power.
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For Case 1.1, where m < m, the surplus terms for the seller and buyer are given by

Sca=V(m+&ada—Tadg) —V(m+E,da—Ta,dp)
=u(g(m+£&a)) — ulg(m+£,)) — pTa + $Ta, (12)
Sna =W —&a,da+Ta,dp) — W(in,da,dp) = —p€a + ¢Fa, (13)

where equations (12) and (13) exploit the definitions of the value functions V and W. The
bargaining problem is given by

max §CA s.t. §CA = —gNAa gA <m, x4 <da,
£a,Ta 1-40

and its solution is described in the following lemma.!?

Lemma 3. The bargaining solution in a match between a C-type and an N-type in Case 1.1 is
given by

Ta(m,da) = min{a(m* —m)/¢, da}, Ealm,dy) = min{m* —m, 7~ (¢da)},
and T 4, 5 4 satisfy the Kalai constraint, px 4 = 5(5 4), where we have defined

5(Ea) = (1 0) [ulglm + €2)) = ulglm + £4)) + 9T | + O

Proof. It is straightforward to check that the suggested answer satisfies the necessary and
sufficient conditions for maximization. O

The interpretation of this lemma is straightforward. The agents jointly maximize the
total surplus generated in the match, which increases with the cash transferred to the
seller and reaches its peak when the seller’s post-trade balance satisfies m + E4=m* (ie,
when OTC trade allows the C-type to afford the first-best quantity in the DM). Financing
this transfer requires the seller to hold enough assets; the critical asset level that supports
Ea=m'—m equals o(m* —m)/p. If the seller holds at least this amount, the first-best
allocation is feasible: {4 = m* —m and T, = a(m* —m)/e. Otherwise, she sells all her
assets, 74 = da, and receives the cash transfer E 4 =0 Y(pds) < m* —m, which satisfies
the Kalai constraint.

121n what follows we restrict attention to cases where the buyer’s money holdings never limit the trade,
e.g., the constraint €4 < 7 is slack. This condition will hold in equilibrium as long as inflation is not
extremely high, and it significantly simplifies the analysis as it eliminates a large number of subcases that
one would have to keep track of. For more details, see Geromichalos and Herrenbrueck (2016). In our
quantitative exercises, we confirm that this condition holds under our calibrated parameters.
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For Case 1.2, where m > m, the surplus terms for the seller and buyer are given by

Sca=V(m+&a, da— x4, dg) — V(m, da, dg) = u(q(m + &4)) — u(q(m)) — g,
Sya =W — &, da+ 34, dg) — Wi, da, dp) = —p€a + 4.

Note that the surplus terms, and the terms that denote assets (z4) and money (£4) ex-
changed, do not feature the “tilde” symbol. Strictly speaking this violates the mnemonic
rule we introduced in Section 3.2, since the central bank is active in this case. However,
Lemma 2 established that if the C-type’s money holdings exceed the critical level m, she
will choose to not sell any assets to the central bank. Since Case 1.2 considers the sce-
nario in which m > m, effectively the presence of the central bank in OTC 4 is irrelevant,
and we choose to slightly abuse the notation rule we set by dropping the “tilde” symbols
in this case.
Moving on to the bargaining problem for Case 1.2, we have

0

max Sca st Sca=—=5na, &a<m, x4 <da.
€a,TA 1-40

The solution to this bargaining problem is described in the following lemma.
Lemma 4. The bargaining solution in a match between a C-type and an N-type in Case 1.2 is
given by

za(m,ds) =min{o(m* —m)/¢, da}, Ea(m,ds) =min{m* —m, o~ (pda)},

and x 4, € 4 satisfy the Kalai constraint, px 4 = o(€4), where we have defined

o) = (1= 0)[ula(m + €4)) = u(a(m))] + 0.

Proof. 1t is straightforward to check that the suggested answer satisfies the necessary and

sufficient conditions for maximization. O]

The intuition for Lemma 4 is the same as in Lemma 3. However, an important un-
derlying difference is that in Case 1.2 the C-type’s money holdings are plentiful enough
(m > m) so that the presence of the central bank is immaterial, as discussed earlier. This
also implies that in this case the C-type cannot improve her outside option in her negoti-
ations with the N-type.

We still need to describe the bargaining protocols in OTC 4 in Case 2 (no central bank
intervention) and in OTCz. However, it should now be clear that these bargaining proto-
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cols coincide with the one described under Case 1.2. The reason is that in all these cases,
trade with the central bank is either not a credible outside option or not feasible. Defining
the seller’s and the buyer’s surplus within a match in OTC;, j € {A, B}, as

Scj =V(m+¢&, da—1{j=A}zs, dg — 1{j = Blzp) — V(m, da, dp)
= u(g(m +§&;)) — u(qg(m)) — pz;,

Snj =W — &, da+ 1{j = Az a, dp + 1{j = Byzg) — Wi, da, dp) = —¢&; + pa;,

the bargaining problem is given by

0
max SCj s.t. SCj = —SN]', gj < m7 X < dj.
SR 1-0

The following lemma describes the bargaining solution in a match between a C-type and
an N-type either in OTC, under Case 2 or in OTCjp.

Lemma 5. The bargaining solution in a match between a C-type and an N-type in OTC;, j =
{A, B}, is given by
zj(m,d;) = min{c(m* —m)/p, d;}, &(m,d;) =min{m* —m, o~ (¢d;)},

and x;, &; satisfy the Kalai constraint, px; = o(§;), where we have defined

o(&) = (1= 0)[ulg(m + &) — ulg(m)| + 0p¢;.

Proof. Lemma 5 is essentially the same as Lemma 4, adjusting for the fact that it holds for
both OTCpg and OTC 4 without central bank intervention. ]

3.5 Obijective functions

To obtain the representative agent’s objective function, denoted by J, we proceed as fol-
lows. First, we substitute the value functions in the OTC markets and in the DM into the
max operator of the CM value function. Second, we exploit the linearity of the CM value
function and we drop all terms that do not depend on the choice variables, (m’, d/;, dy).
As expected, the objective function will differ depending on whether the agent chooses to
carry money holdings that exceed the critical value m. We distinguish between two cases:
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Case i: If m’ < m, the objective function is given by

J(m', d}y, d) = —p(m' + pady + ppdp) + f'(m' + d}y + dp)
+ BLSp
-+ ﬁg maX{ﬂ'(gcA -+ OZCA§CA) —+ (1 — W)acAscA, aCBSCB}-

Case ii: If m’ > m, the objective function is given by

J(m',dy,dy) = — o(m' + pady + ppdp) + B’ (m' + d)y + dj)
+ BLSp

+ 65 max{a(;AS(;A, O-/CBSC'B}'

The objective function in both scenarios has a straightforward interpretation. The
tirst line in each case represents the net cost an agent incurs to acquire the portfolio
(m/,dy,dy) in the CM. The second line captures the net consumption utility in the DM,
conditional on the agent being a C-type, an event that occurs with probability /. Up to this
point all terms are identical between the two cases. However, the third line accounts for
the expected benefit from participating in the OTC market, and this is where the two cases
diverge. If the agent’s money holdings are sufficiently scarce such that they would seek
to acquire additional funds from the central bank, their expected benefit from trading in
OTC, is influenced by the probability () of central bank participation, as shown in the
third line under Case i. On the other hand, if money holdings are plentiful, in the precise
sense that m’ > m, the agent’s expected benefit from OTC4 depends only on the surplus
she can derive from inter-investor trades.'® This distinction is reflected in the third line of
the objective function for Case ii.

4 Equilibrium

In the steady-state equilibrium, we summarize the cost of holding money via i = (1 +
w)/B — 1, which represents the nominal yield on an illiquid asset.* (Thus, i should not
be interpreted as, say, the yield on T-bills; see Geromichalos and Herrenbrueck, 2022 and
Herrenbrueck and Wang, 2023.) In any equilibrium, it must be true that p; > 1/(1 + i),

13 In this case, whether the central bank is active in OTC 4 is immaterial, and this could be either because
the agent meets an N-type but she cannot take advantage of the outside option channel or because she
“meets” directly with the central bank, but she does not wish to perform any trades.

14 In the background, we have assumed that the central bank rolls back the money supplied in OTC 4 in
the following CM, so that the rule M;; = (1 + p)M; holds in every period.
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j = {A, B}, since otherwise there would be an infinite demand for the assets. A strict
inequality implies that the assets carry a positive liquidity premium.

We have 15 endogenous variables. First, we have the equilibrium real balances
{24, z5} held by the agent who chooses to specialize in asset A or B, and the associated
equilibrium asset holdings {d4, dg}. Next, we have the equilibrium quantities {goa, ¢1.4,
Q0B 018, G14,q14}- The variables qo; and ¢y;, respectively, represent the quantity of DM
goods purchased by a C-type agent who either does not trade in the OTC market (in-
dex 0) or does trade in the OTC (index 1), conditional on the agent’s specialization in
asset j, and in the absence of central bank intervention. Applying once again the nota-
tional convention described in Section 3.2, we let g, , denote the quantity of DM goods
purchased by a C-type who traded directly with the central bank in OTC 4. Likewise, ¢ 4
stands for the quantity of DM goods purchased by a C-type who traded with an N-type
agent in OTC4 while exercising the outside option of trading with the central bank. In
addition, we have the prices of the three assets {¢, pa,ps}. Finally, we have the entry
choices {ec, en}, i.e., the fractions of C-types and N-types who choose to enter OTC 4.

We now show that the variables {z4, z5,da,dp,pa, pB, ¢} can be derived from the
remaining eight variables, {qoa, ¢14, QB: ¢18, @14, C14, €, €n }, and we therefore refer to the
latter as the core variables of the model. First, because a C-type who does not trade in the
OTC round can purchase only what her own cash permits, we have z; = qo;, j € {4, B}.

Second, market clearing in the money and asset markets requires

oM = ec qoa + (1 — ec)qoB, (14)
da = S—A, dp = L : (15)
(He} 1-— (He}

Equation (14) has a straightforward interpretation once we recall that ec (1 — e¢) is the
measure of agents who specialize in asset A (B), and each of these agents carries go4 (qor)
units of real balances. Likewise, the conditions stated in equation (15) simply reflect the
fact that each agent’s equilibrium asset holdings are equal to the outstanding supply of
the asset divided by the measure of agents specializing in it.
Next, equilibrium prices satisfy
1

=—(1+1L;), j={AB
p] 1_'_Z<+])7 J {7 }7

where the liquidity premium of asset j, L;, is as follows:
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Casei: qoa < ¢q

Ly= laca

0
w(q1a)

marginal benefit from bilateral trade with private buyers

(u'(qra) = 1) (16)

0 0 0

+ mla <(1—7>u’§ p—1)+ ——— (W (qia) — 1) — U (q —1)

\ CA w(QIA) ( ( 1A> ) w(q1A)( ( 114) ) w(q1A)( ( 1A) ) :
marginal benefit from C:Wcral bank outside option

+ (1 = aca) (W(@4)P — 1),

marginal benefit from actu;lr trade with the central bank
Lo = tocs—— (/(g1) 1)
= tac u\q - )
B B w(qlB) 1B

where w(q) =1+ (1 —0) (v/(¢) — 1).

Caseii: gqoa > q

Ly = éaCAw (W(qra) — 1),

Lp =tlacp (u'(qip) — 1).

w(¢ip)

An asset is valued for its payout at maturity and the additional benefit arising from
the possibility of selling it in the OTC market. The fundamental value of an asset is
defined as the equilibrium price that would emerge if this possibility of OTC trading
were eliminated, which is 1/(1 + ). The liquidity premium of asset j, L;, is defined as the
percentage difference between its price and fundamental value. In all cases, this liquidity
premium reflects the agent’s ability to relax a binding cash constraint by selling assets in
private meetings in the OTC. The case that is particularly interesting is Case i for asset A4,
in which agents’ real balances are not sufficient to purchase g in the forthcoming DM.
Then, the liquidity premium comprises three components, as shown in equation (16).
The first is the standard term we have already described. The remaining two terms are
novel to our setting. The second term reflects the marginal benefit of retaining the outside
option to trade with the central bank while transacting with a private asset buyer. The
third term captures the marginal benefit of a direct trade with the central bank.

The analysis so far shows that once the variables {qo4, ¢14, 905, ¢15:G14, @14, €Cs €N}
have been pinned down, the remaining seven endogenous variables follow mechanically.

We now turn to the equilibrium conditions that determine these core variables. The reader
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should keep in mind that the entry shares ec and ey (which we describe in Section 4.1
below) influence the arrival rates «; implicitly.

First, the money demand equations for agents specializing in asset j are given by

Casei: gou < 7

i =l (1 - aCAL) (W'(q4) — 1) + WEOZCAL (v (q1a) — 1)

w(q1a) w(q1a)
+ (1 —m)¢ <1 — OCCA@) (W (qoa) — 1)+ (1 — W)ﬁaCAw(le) (v (qra) — 1),
=/ <1 — aCBw(ZB)) (v (qo) — 1) + EQCBU}(QlB) (v (1) — 1) .
Caseii: qoa > q
= (1= e ) (Wlaon) ~ 1) + faca— wla) - ).
-y (1 ~ e (ZB)> (1 ) = 1) + foicp—os (uap) = ).

Similar to the asset pricing equations above, money demand equations also depend on
whether agents enter OTC, with real balances that exceed the amount needed to pur-
chase g in the forthcoming DM."

Next, the steady-state quantity variables are determined by the following four con-
ditions, which are obtained by combining the OTC trading protocols ;4 = qoa + ©& 4,
gia = QoA + gog 4, 1A = Qoa + @€a, and ¢1p = qop + p&p with the bargaining solutions from
Lemmas 2, 3, 4, and 5:

Q14 = min{q, goa +Dda},

_ (. 1 1-60( _ g

Gia = Tin {q » doa + 59005,4 - (u(qlA) —u(qya) + 1a —foa 5 QOA>},
. . 1 1—-6

f1a = MGG, doA + 590dA - 0 (U<Q1A> - u(QOA)) )

‘ i 1 1-0
¢1p = min {q , qoB + ESOdB Ty (u(gi) — U(QOB))}>

where ¢, d4, dp are described in the market clearing conditions (14) and (15).

15We set a;; = 0 whenever no agent enters market j. In that event, qo; and ¢;; remain well defined as
limiting values, even though no trade actually occurs at those quantities.
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4.1 Entry decisions

In the first sub-period of each period, agents are divided into C-types and N-types and
choose which OTC market to enter by comparing the expected surpluses. As discussed,
for C-types this decision is practically made in the previous CM because agents can enter
only one OTC market per period, making it suboptimal to pay liquidity premia for both
assets. Since an agent’s optimal money holdings depend on what asset she specializes in,
when agents compare the expected surplus from specializing in asset A or B (and visiting
the designated OTC market if they turn out to be a C-type), these surplus terms must
take into account the cost of holding both the asset and money. (This explains why the C-
type’s entry decision problem stated below is more involved than the N-type’s problem
that follows.) Letting S¢; denote the net surplus of specializing in asset j in the CM, the
equilibrium measure of C-types who choose asset A satisfies

1, Sca > Scs
ec =14 0, Sca < Scp
€ [07 1]7 SCA = SCB )

where
. QOSA —_ ~ 3
—igoA — LAe_ + 0 (u(goa) — qoa + 7 (Sca + acaSca) + (1 —m)acaSca), qa <7,
c
Sca = S
—igoA — LAe_A + 0 (u(goa) — qoa + acaSca) , doa > q,
c
) S
Scs = —iqos — Lp 1¢_ ic + € (u(qoB) — Qo5 + @cBScp) ,
= _ q14 — QoA
Sca =u(@y) — u(goa) — =2 5
5 ~ _ ~ q14 — QoA
Sca = 0(u(qra) — w(qia) — (G1a — qoa) + %),

Sca =0 (u(qia) — u(qoa) — (14 — Qoa)) »

Sce =8 (u(qip) — u(qon) — (@18 — qon)) -
In contrast, N-types can freely choose which market to visit regardless of the asset
they chose to specialize in during the last period’s CM. (Their money is good in both OTC

markets.) Therefore, N-types only care about the expected surplus in each OTC market.
Accordingly, the measure of N-types entering OTC 4 is given by
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1, anaSna > anpSnp
ey =4 0, anaSna < anpSNB

€10,1], anaSva=anpSns,

where

Snj = (1 =0) (u(qry) — wlqoy) — (q15 — @5)), 7 =1{A, B}.

Note that since the benefit of entering each OTC market depends on the entry de-
cisions of other agents, there are always multiple equilibria including (ec,en) = (1,1)
and (ec,en) = (0,0). Henceforth, we select the equilibrium from among the multiple
equilibria using the following algorithm. First, we define the function G : [0,1] — R by
G(en) = (anaSna — anpSne)/(anaSna + anpSne), where «;; and Sy; are evaluated
in the partial equilibrium with ey fixed. The function G represents the relative sur-
plus gains for an N-type from entering OTC,4 over OTCp, taking other agents’ choices
as given. Second, we evaluate G at the initial value ey = S4/(Sa + Sp) and adjust ey
according to the sign of G: if G(ex) > 0 (< 0), we slightly increase (decrease) ey. We take
en = Sa/(Sa+ Sp) as a natural starting point since it is consistent with N-types’ entry
decisions in the equilibrium where ec = ey, goa = qop, and ¢;4 = ¢15 under a CRS match-
ing function and without the central bank intervention. We repeat the second step at the

newly adjusted level of ey until we reach an equilibrium robust to small trembles in ey.

5 Quantitative analysis

5.1 Calibration

We calibrate the model to U.S. data, focusing on the Federal Reserve’s customary sec-
ondary market purchases of Treasuries. Our calibration period spans 2016 Q1 to 2019 Q2,
a period of routine, non-crisis monetary operations. We exclude the immediate aftermath
of the Great Recession, as asset purchases during that period still reflected extraordinary
conditions that fall outside the scope of our model. Similarly, beginning in late 2019 and
accelerating in 2020, Fed purchases again shifted in response to the emerging COVID-19
pandemic. By focusing on the 2016-2019 window, we isolate a period of steady and sys-
tematic asset purchases, consistent with our steady-state analysis.

In our quantitative analysis, we interpret the two assets in the model as Treasuries
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Description Value

i Nominal illiquid interest rate (annual) 7%
Money supply 1
Sa Supply of Treasuries 0.1671
Sp Supply of AAA/AA-rated corporate bonds 0.0308
vy Elasticity of marginal utility 0.34
14 Fraction of C-type agents 0.5
0 Relative bargaining power of C-types 0.75
Y Matching efficiency in the OTC markets 1.7961
s Central bank intervention rate 0.5
D Central bank purchase price 0.9954

Table 1: Calibrated parameter values.

(asset A) and AAA/AA-rated corporate bonds (asset B). This pairing is chosen to en-
sure comparability across several dimensions aside from central bank participation. Trea-
suries are the primary asset class targeted by the Federal Reserve’s secondary market op-
erations, whereas AAA /AA-rated corporate bonds represent the highest-quality private
assets, comparable to Treasuries in terms of credit risk, but not routinely purchased by the
Fed. To further ensure comparability, we restrict attention to 10-year Treasuries, as the av-
erage maturity of AAA/AA-rated corporate bonds during our calibration period is also
approximately 10 years. This maturity alignment allows us to isolate the effects of Fed
intervention on liquidity and pricing, holding duration constant across the two markets.

We calibrate the model at a quarterly frequency, using the utility function u(q) =
¢ 77/(1 — 7). The values of ten parameters, listed in Table 1, are set based on a combina-
tion of external sources and internal calibration of the model to empirical moments. For
the nominal illiquid interest rate ¢, no observed rate can be used directly, as no traded
asset is perfectly illiquid. Instead, we adopt an estimate of 7%, based on time preference,
expected real growth, and expected inflation, following Herrenbrueck and Wang (2023).1¢
For the monetary aggregate, we use the MZM money stock from the Federal Reserve Eco-
nomic Data (FRED), maintained by the Federal Reserve Bank of St. Louis. Since only the
ratios of asset supplies to the money supply enter the equilibrium conditions, we normal-
ize M = 1. Treasury supply data are drawn from the U.S. Treasury Monthly Statement of
the Public Debt, and corporate bond supply data from the Mergent Fixed Income Secu-

16 For comparison, Berentsen, Menzio, and Wright (2011) use an annual rate of 7.4%, while the average
rate in the data from Lucas and Nicolini (2015) is 6.28%.
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rities Database (FISD). During the calibration period, the average outstanding amounts
of 10-year Treasuries and AAA/AA-rated corporate bonds, relative to the monetary ag-
gregate, are 0.1671 and 0.0308, respectively. We set ¢ = 0.5 for symmetry (equal numbers
of potential buyers and sellers in the OTC markets) and v = 0.34 to match the slope of
the empirical U.S. money demand, using the procedure of Rocheteau, Wright, and Zhang
(2018). For the elasticity of the OTC matching function, we work with the constant returns
to scale specification described in equation (1).17 As for 6, in our model, the bargaining
power of asset sellers in OTC trade symmetrically scales the liquidity premia of both as-
sets, and a sufficiently large value of ¢ is needed to replicate the sizable liquidity premia
observed in the data. Geromichalos et al. (2023a) identify a range of ¢ values that make
this class of models work, which spans from § = 0.6 to 6 = 0.99. We set § = 0.75, which is
close to the midpoint of this range but also avoids extreme bargaining asymmetries and
preserves meaningful market entry decisions for asset buyers. Having said that, the main
quantitative results are robust across all values of 0 that generate the liquidity premia
we see in the data.

The Federal Reserve Bank of New York provides detailed historical data on open
market transactions, in compliance with the Dodd-Frank Wall Street Reform and Con-
sumer Protection Act of 2010. During the calibration period, the Fed conducted asset
purchases approximately once every six months. Since one period in the model corre-
sponds to a quarter, we set 7 = 0.5, so that the central bank participates once every two
periods on average. Regarding the purchase price, the assets in the model are one-period
discount bonds that pay one dollar at maturity, and we set p = 0.9954 to match the aver-
age yield at which the Fed purchased Treasuries during the calibration period.

The final parameter, ¢, is calibrated to match the average quarterly yield spread be-
tween the two assets over the calibration window, which is 0.1285%. This spread cap-
tures the empirical liquidity differential that the model is designed to explain, and it is
exactly matched by the model-implied spread. While the levels of the asset yields are
not explicitly targeted, the model-implied values are close to their empirical counter-
parts. The empirical average quarterly yields are 0.5896% for Treasuries and 0.7181%
for AAA/AA-rated corporate bonds, compared to model-implied yields of 0.8463% and
0.9748%, respectively.

17 Geromichalos et al. (2023b) also examine the superior liquidity of Treasuries over high-quality corpo-
rate bonds. In that paper, however, Treasuries are assumed to trade in an OTC market with higher matching
efficiency, and this assumption is required to match the data under constant returns; otherwise, increasing
returns to scale are needed. In contrast, our model can match the observed liquidity differential even with
constant returns and identical matching efficiencies, due to the presence of the central bank. Thus, central
bank participation provides a novel alternative mechanism to explain the superior liquidity of Treasuries,
without requiring increasing returns or exogenous differences in matching efficiency.
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Figure 2: The impact of the central bank intervention rate on liquidity premia (in
percentage terms), OTC entry choices, DM consumption, and the number of trades. The
calibrated intervention rate is 0.5 and is marked with the vertical dashed lines.

5.2 The effects of central bank interventions

In this section, we present the implications of the model for the impact of central bank
interventions. Specifically, we show how the steady state levels of several endogenous
variables respond to changes in the rate at which the central bank intervenes in OTCy,
7, and the price at which the central bank purchases asset A, p.1% This exercise helps us
achieve two goals at once: lay out the model mechanisms as well as quantify the impact
of central bank interventions on the workings of the secondary asset markets.

Figure 2 presents the impact of varying the central bank intervention rate from 0 to
1 (its calibrated value is 7 = 0.5). By raising the intervention rate in OTCy,, the central
bank increases the liquidity premium of Treasuries (blue solid line in the top left panel).
Intuitively, a larger 7 improves the seller’s prospects in OTC4 either directly (by making
it more likely to sell to the central bank if the seller does not match with a buyer) or in-

18 Focusing on steady states is the approach followed by Berentsen et al. (2011) and is common practice
in search theory (see, e.g., Hornstein, Krusell, and Violante (2005), Petrosky-Nadeau (2013), Ljungqvist and
Sargent (2017), and Gabrovski, Geromichalos, Herrenbrueck, Kospentaris, and Lee (2025), among others).

28



directly (by raising the seller’s outside option in case of a match). Both forces contribute
to the rise in the liquidity premium of asset A which is also significant in quantitative
terms (we present a detailed decomposition of the increase in liquidity premium among
its different parts in Section 5.3). The bottom left panel of Figure 2 presents the implica-
tions of increases in 7 for the quantities purchased in the decentralized market (blue solid
and dotted lines). Higher central bank intervention rates translate into lower quantities
traded in the DM for reasons that are well-understood in models of indirect liquidity
(Berentsen, Huber, and Marchesiani, 2014; Geromichalos and Herrenbrueck, 2016): as in-
vestors count more on the asset market to provide them with liquidity when they need
it, they choose to hold less money in their portfolios. As a result, the total quantity of
real balances available in the asset market decreases, which results in lower purchasing
power of agents in the DM.

The most striking result in Figure 2 certainly lies in the behavior of the liquidity pre-
mium of the corporate bonds: it increases as 7 rises (red dashed line in the top left panel).
In other words, increases in the central bank intervention rate in the Treasury market have
a significant spillover effect on the price of corporate bonds. The mechanism behind this
spillover effect is the entry choices of investors across asset markets. In particular, as can
be seen in the top right panel of Figure 2, increases in the central bank intervention rate
reduce the mass of investors who enter OTC4 to trade. The drop in the mass of buyers
(en) is faster but the mass of sellers (ec) follows as 7 increases. Effectively, the central
bank intervention crowds out asset buyers from the Treasury market into the market for
corporate bonds and sellers soon follow because the probability to trade endogenously
depends on the mass of investors in the other side of the market. The effects of the entry
choices of investors are reflected in the total number of trades in each market (lower left
panel of Figure 2) with the trades in OTC,4 decreasing and OTCp increasing as the central
bank intervention rate rises.

It is important to highlight that the spillover effect of central bank actions signif-
icantly refines the behavior of liquidity premia and the resulting asset prices in the two
markets. As can be seen in the top left panel of Figure 2, for values of 7 larger than 0.33 the
liquidity premium of Treasuries is greater than the liquidity premium of corporate bonds.
For smaller values of 7, however, this pattern is reversed and the liquidity premium of
corporate bonds is actually larger than that of Treasuries. Intuitively, the spillover effect
of central bank interventions through investors” entry to OTCp trumps the direct effect
on OTC, when the central bank intervention rate is modest. It is reassuring, however,
that these rich asset pricing patterns do not lead to counterfactual trade patterns. The
Treasury market remains more liquid than the corporate bond market in the sense that
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Figure 3: The impact of the central bank purchase price on liquidity premia (in
percentage terms), OTC entry choices, DM consumption, and the number of trades. The
calibrated purchase price is 0.9954 and is marked with the vertical dashed lines. In the
bottom-left panel, the diagonal dashed line indicates g, the optimal DM consumption
level when selling assets to the central bank in OTC 4.

the total number of trades taking place in OTC, is larger than that in OTCp for almost all
values of the central bank intervention rate (bottom right panel of Figure 2).

Figure 3 presents the results of varying the central bank purchase price from 0.96 to
1 (its calibrated value is p = 0.9954). The lessons from these results reaffirm the insights
obtained thus far. First, there is a direct impact of the central bank intervention on the
liquidity premium of Treasuries which, in turn, proliferates in the Treasury market. As
the central bank buys Treasuries at lower prices, the liquidity premium of these assets
declines (top left panel of Figure 3). Since Treasuries are cheaper, they provide lower
purchasing power to C-type agents and the overall DM consumption decreases as p drops

(bottom left panel of Figure 3)." Second, there is a spillover effect of the central bank

19 This force is true both for C-types who trade with N-type investors and those who trade with the
central bank. For low values of p, however, the former group of agents substitute the lower liquidity from
the OTC market with carrying more real balances and, as a result, their DM consumption increases (see the
solid and dotted blue lines in the bottom left panel of Figure 3).
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intervention on the corporate bond market that works through investor entry choices.
As the price of Treasuries declines, asset buyers (initially) and sellers (later) leave the
corporate bond market and enter the Treasury market to benefit from lower prices and
higher matching rates, respectively (top right panel of Figure 3). The magnitude of this
investor reallocation is so substantial that OTC 3 shuts down when p is lower than 0.9886
and the Treasury market becomes the sole source of liquidity for agents.

5.3 Liquidity premium decomposition and the central bank premium

In our model, assets carry an indirect liquidity premium, reflecting the benefit an agent
receives from being able to sell the asset for money in a secondary market and subse-
quently use that money to fund expenses in the DM. This liquidity benefit is shaped by
the OTC market microstructure, agents” market entry decisions, and central bank partic-
ipation. To be more specific, the liquidity premium of asset A consists of three distinct
components, each corresponding to a different source of liquidity value. First, the base-
line premium captures the benefit from selling the asset to a buyer when a match occurs
in the OTC market, regardless of central bank presence, and without leveraging the cen-
tral bank as an outside option. Second, the outside option premium reflects the additional
value an agent gains upon being matched, conditional on the central bank’s presence, by
threatening to sell to the central bank if the buyer offers unfavorable terms. Third, the last
resort premium arises when the central bank is present and an agent fails to find a buyer
but can still sell the asset directly to the central bank at the standing purchase price, ef-
fectively allowing the central bank to act as a buyer of last resort. Together, the outside
option premium and the last resort premium comprise what we refer to as the central bank
premium, which represents the portion of asset A’s liquidity premium directly attributable
to central bank participation.?

This decomposition is formalized in the following expression for the liquidity pre-
mium of asset A, which consists of three terms, each corresponding to one of the compo-
nents described above: the baseline premium, the outside option premium, and the last
resort premium. Each term maps the model’s primitives to a distinct source of liquid-

ity value:

20 The liquidity premium of asset B includes only the baseline premium component. Note, however,
that this baseline premium is not independent of the central bank’s presence. The frequency of central bank
intervention (7) implicitly affects investors’ entry decisions, therefore the measures of buyers and sellers in
OTCp, therefore the matching probabilities in that market.
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Figure 4: Liquidity premium decomposition under varying central bank intervention
rate and purchase price. The figure decomposes asset A’s liquidity premium into three
components: the baseline premium, the outside option premium, and the last resort
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Figure 4 can help visualize this decomposition for the liquidity premium of Trea-
suries, illustrating how each component varies with the central bank intervention rate
(left panel) and purchase price (right panel). In both cases, the baseline premium is the
dominant force shaping the Treasuries’ liquidity premium for relatively small values of
m and p. Effectively, the importance of the central bank premium depends on the mag-
nitude of 7 and p (see the last two terms in the equation above). As a result, the impact
of the central bank premium on the total liquidity premium is modest for small values
of the central bank intervention rate and purchase price. Analogously, the central bank

premium accounts for a sizable fraction of the liquidity premium for relatively larger val-
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ues of m and p (up to 62% when m ~ 1 and 17% at the calibrated values). Zooming in the
central bank premium, the relative significance of the last resort premium compared to
the outside option premium increases as the policy variables rise. The larger the values
of m and p, the larger the impact of the realized trades with the central bank in contrast
to the improvement in agents” bargaining position which becomes less important. In to-
tal, the model implies a non-trivial role for the central bank premium on asset liquidity
and prices, which becomes sizable at large levels of the central bank intervention rate and
purchase price.

5.4 Borrowing cost implications and the monetary-fiscal link

Beyond its implications for asset liquidity and prices, our model highlights a novel chan-
nel through which monetary policy affects fiscal policy. When the Fed intervenes in the
secondary market for Treasuries, its actions increase the liquidity of these bonds, thereby
raising their price and reducing the yield at which the U.S. Treasury can borrow. In other
words, monetary policy lowers government borrowing costs, revealing a powerful link
between monetary and fiscal policy that operates through secondary asset market lig-
uidity. It is worth highlighting that this link exists even though the monetary author-
ity in principle (and as specified in the standard macroeconomic textbooks) acts com-
pletely independently of any fiscal policy considerations. Moreover, because our model
features spillover effects across different asset markets, Fed purchases of Treasuries also
enhance the liquidity and pricing of corporate bonds, even though the Fed does not ac-
tively participate in that market.?! These spillovers amplify the benefits of central bank
interventions: not only does the Treasury save on borrowing costs, but corporations also
enjoy lower financing costs. Using our calibrated model, we compute the counterfac-
tual prices and yields of both Treasuries and corporate bonds under a scenario without
Fed intervention. A comparison of this scenario with the results of the full model allows
us to quantify, in steady state, the reduction in borrowing costs attributable to the Fed’s
secondary market activity.

Figure 5 presents the model-implied borrowing cost reductions for both Treasuries
and corporate bonds under varying levels of the central bank intervention rate (left panel)
and purchase price (right panel). The figure reports average quarterly savings, mea-
sured in billions of 2019 U.S. dollars, on the given issuance over the calibration period
(2016 Q1 to 2019 Q2), relative to a counterfactual scenario in which the central bank ab-

2l The Fed had never purchased corporate bonds until March 2020 when the launch of the Primary and
Secondary Market Corporate Credit Facilities took place. Although it is beyond the scope of our paper, our
model could be used to evaluate the consequences of such an intervention in OTCp in general equilibrium.
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Figure 5: Borrowing cost savings for Treasuries and corporate bonds under varying
central bank intervention rate and purchase price. The figure illustrates the average
quarterly savings, in billions of 2019 U.S. dollars, on the given issuance, relative to a
no-intervention scenario, over the calibrated period (2016 Q1 to 2019 Q2). The calibrated
intervention rate and purchase price are 0.5 and 0.9954, respectively, and are marked
with the vertical dashed lines.

stains from secondary market intervention. Specifically, we compute the equilibrium
prices of assets A and B under central bank participation, denoted by p4 and pp, and
compare them to the counterfactual prices p4 and pp obtained in the absence of central
bank participation. The changes in the borrowing cost are then calculated as (pa4 — p4)Sa
for Treasuries and (pp — pp)Sp for corporate bonds, where S4 and Sp denote the re-
spective calibrated amounts outstanding in nominal terms (that is, we keep imposing the
assumption that bond supply is exogenous in both markets).

The borrowing cost savings in Figure 5 mirror the behavior of the liquidity premia
in the two markets (top left panels of Figures 2 and 3). This is natural since asset supply
is exogenous and the reductions in borrowing costs are the result of increases in asset
prices due to the presence of the central bank in the Treasury market. The most impor-
tant takeaway of this exercise is the magnitude of the decline in borrowing costs at the
calibrated parameters: the fiscal authority saves around 10 billion (in 2019 dollars) per
quarter because of the Fed’s routine secondary market interventions. The spillover effect
on the corporate bond market is more modest but not trivial, since firms” borrowing cost
reduction is around 1 billion per quarter. It is worth noting that these numbers should
be interpreted as lower bounds for the total fiscal and corporate savings attributed to the
central bank’s secondary market activity. The reason is the assumption that the asset sup-
ply is fixed for both assets and, as a result, we take into account only the effect of liquidity
premia on asset prices. Presumably, if the fiscal authority and corporations could manip-

ulate bond issuance and increase asset quantities strategically, they could achieve even
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larger reductions in their borrowing costs.

6 Conclusions

We develop a general equilibrium model in which two assets (A and B) trade in distinct
secondary over-the-counter markets (OTC4 and OTCjp). An asset’s liquidity is endogenous
and depends on the terms of trade in the respective secondary market, which in turn are
driven by the optimal market entry decisions of investors. Central bank interventions
(which, without loss of generality, take place in OTC,) improve sellers” prospects both
in case they match with a private buyer, through an improved outside option, and in
the event that they sell assets directly to the central bank. Through these channels, more
frequent interventions in OTC, increase the willingness of investors to pay a higher pre-
mium for asset A. At the same time, central bank interventions induce asset buyers to
find more favorable trading terms in OTCp, realizing that the bank’s presence in OTC4
serves as a bargaining chip in the hands of sellers. Naturally, more buyers in OTCp im-
plies a higher matching probability for sellers in that market manifesting itself as a higher
willingness to also pay a premium for asset 5, a result we dub the “spillover effect”.

Our model can explain qualitatively and quantitatively the yield differential between
Treasuries and safe corporate bonds seen in the data and attribute the well-established
liquidity advantage of Treasuries to the observed interventions of the Federal Reserve
in the secondary market for these securities. Therefore, our analysis highlights an un-
explored link between monetary and fiscal policy: the Fed’s asset purchases in the secondary
market for Treasury securities raise the resale value of these assets and, through our indi-
rect liquidity mechanism, increase the willingness of investors to pay higher prices in the
primary market, thus allowing the Treasury to borrow funds at a lower rate. Our coun-
terfactual exercise reveals that the U.S. Treasury saves tens of billion dollars per year due
to the increased liquidity that its securities enjoy as a result of the Fed’s participation in
the secondary market for Treasuries. The calibrated model also allows us to quantify the
spillover effect in the market for corporate bonds, which is also substantial.

By explicitly modeling the secondary markets where central bank intervention takes
place, our paper offers novel insights on how central bank interventions in specific mar-
kets can have beneficial effects throughout the financial system. Our results also carry
some cautionary notes for policymakers and empirical researchers. With regard to policy,
our spillover effect result suggests that liquidity in a particular market can be improved
without direct intervention in that market. On the flip side, our analysis confirms that

central bank interventions can crowd out private market interactions, a concern that pol-
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icymakers have often voiced. Furthermore, our results imply that researchers who aim
to tease out the causal effect of central bank interventions by comparing a “treated” with
a “control” market should be cautious, as this comparison may be contaminated by the

spillover effect, which according to our quantitative analysis is substantial.
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Appendix

A Proof of Lemma 2

max §CA, s.t. 0 S T A S dA and gA :]_)TA
{EAvéA}

= max {u(q(m+pTa)) —u(q(m)) — ¢Ta}t, st. 0 <Ty < da

Ta
= max {u (max {¢ (m +PTa),q"}) —u(max{pm,¢"}) — ¢Ta}, st. 0 <Ty < da
TA
Define the objective function H : [0,00) - Rby H(T4) = u (min{¢ (m +D0T4),¢"}) —
w (min {¢m, ¢*}) — ¢T4. It is obvious that H is continuous VZ4 > 0, strictly increasing in

m—m

[O7 max < 0, m%m }] , and strictly decreasing in [max {0, T} , oo) . Therefore, the solution

<EA,EA> is (0,0), if m > m, and (min {dA, ﬁp%m} ,min {pd, m — m}), if m < m.

B Equilibrium with the central bank fixing the size of asset

purchases

Suppose that the central bank announces the size of asset purchases in money, M, instead
of the price p. That is, now the central bank purchases % units of bond at a prevailing

price p. We can define the equilibrium with M as follows.

Definition 1. For M < Sy, the tuple {z4, 25, da, dp, qoa, Q14 GoB: 15, Tras T1A: 9, D4, P, s
ec,en} is an equilibrium if the variables satisfy all the equations described in Section 2

and ¥ = (eol — f(ect,en(1— €))) min{S2, Ta},

Note that since the price at which the central bank purchases the bond is not fixed, we
have one more endogenous variable, p, than in section 2. Accordingly, we add one more
equation, % = (ecl — f(ecl,en(1 —¢))) min {f—é‘, %}, the market clearing condition
between the central bank and private agents to pin down the equilibrium. The RHS of the
equation is the bond supply from private agents to the central bank: ecf — f(ecl, en(1—1))
is the measure of unmatched C-types in OTC,, the only ones who have the incentive to
sell their bonds to the central bank when p < 1, with each of them selling min {f—g, %}
units of bond. Note that the condition M < S, prevents the equilibrium price p from
being equal to or greater than 1 with one additional trivial requirement, i.e., if we assume

that when the total surplus of a match is zero, the N-types do not wish to trade.”> Then

22 This could be justified if there exists an infinitesimal transaction cost associated with bargaining.
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if p = 1, there is no deal between N-types and C-types by the assumption because the
surplus is zero. All C-types in OTCy4 hence try to sell their bonds to the central bank,
which makes an excessive bond supply, M < Sa. If p > 1, the bond supply from pri-
vate agents to the central bank is S, because the price is greater than the fundamental
value, leading to an excessive supply again, % < 8. Therefore, for any equilibrium
{24, 2B,da,dB, @A, (14, QB OB, 1.4 14, P, PA, PB, €C, €n } With the central bank fixing the
price at p < 1, there exists an equivalent equilibrium with the central bank fixing the size

. T = . Sa G—
of purchases in money term at M = p (ec! — f(ecl,en(1 —¢))) min {ﬁ, q@%}.
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