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Abstract

We model asset issuance in over-the-counter markets. Investors buy newly issued

assets in a primary market and trade existing assets in a secondary market, where both

markets are over the counter. We show that the level of asset issuance and its efficiency

depend on how investors split the surplus in secondary market trade. If buyers get

most of the surplus in secondary market trade, then sellers do not have incentives to

participate in the primary market in order to intermediate assets and the economy has

a low level of assets. On the other hand, if sellers get most of the surplus, buyers

have strong incentives to participate in the primary market and the economy has a

high level of assets. Equilibrium is inefficient for any splitting rule. The result follows

from a double-sided hold-up problem in which it is impossible for all investors to take

into account the full social value of an asset when trading. We propose a tax/subsidy

scheme and show how it restores efficiency. We calibrate our model to match features

of the US municipal bond market in order to quantify the effects of the intervention.

The intervention leads to large welfare gains and, in response to a financial crisis caused

by an aggregate demand shock, makes the crisis less severe and shorter relative to the

economy with no intervention.
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1 Introduction

Many assets, both real and financial, are traded in secondary over-the-counter (OTC) mar-
kets after their initial issuance (e.g. real estate, municipal bonds, treasuries, asset-backed
securities, etc.). Further, many of these markets experienced severe volatility during the
2008 financial crisis, and several policies were enacted that aimed to directly support the
issuance of new assets. For example, the Federal Reserve created the Term Asset-Backed
Securities Loan Facility (TALF) to support the issuance of asset-backed securities collateral-
ized by different types of private loans, and the Commercial Paper Funding Facility (CPFF)
to support the issuance of commercial papers.1 While there is a large literature studying
OTC markets (see Duffie et al. (2005), Duffie et al. (2007), Lagos and Rocheteau (2009a), and
Hugonnier et al. (2014), among other), most studies in this literature assume a fixed supply
of assets, a nonstarter in understanding the effects of policies aimed to spur issuance. In
this paper, we study how the trading of seasoned assets in secondary OTC markets affects
their primary issuance and, in turn, aggregate asset supply and welfare.

We emphasize two frictions in OTC trade: (i) searching for counterparties to trade
with takes time and (ii) conditional on a trade opportunity, the terms of the trade are
determined by bargaining. We explore the canonical economy of Duffie et al. (2005) but for
two differences: (i) we abstract from competitive market-makers in order to make the model
more tractable, and (ii) we introduce the notion of issuers—agents who have a technology
to issue new assets. In the model, trade occurs in pairwise meetings and these meetings are
subject to frictions. We interpret meetings between an investor and an issuer as occurring
in the primary market since they involve the potential issuance of a new asset. Likewise,
we interpret meetings between two investors as occurring in the secondary market as they
involve a transfer of a previously issued asset. When two agents meet, either in the primary
or secondary market, the terms of trade are determined by Nash bargaining.

We solve for the decentralized equilibrium in the economy and compare it with the
constrained efficient allocation, which is the welfare maximizing allocation constrained by
the search frictions. Surprisingly, we find that the decentralized equilibrium allocation is
never constrained efficient. This conclusion holds even though trade in the secondary mar-
ket is constrained efficient when the asset level is fixed, consistent with the literature cited
above. Under search and bargaining, the prices investors trade in the secondary market
do not reflect the social return of assets. When asset supply is fixed, this mispricing is
irrelevant in determining the allocation—assets flow from low-valuation agents to high-
valuation agents—and equilibrium is constrained efficient. When we introduce issuance,

1See www.newyorkfed.org/markets/funding archive/index.html for details.
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this mispricing affects investors’ incentives to buy assets in the primary market, which dis-
torts the asset allocation across investors. This distortion of asset allocation further affects
the mispricing of assets in the secondary market and in turn affects issuance. In the end,
we show that the allocation of assets across investors is inefficient in every decentralized
equilibrium.

The inefficiency we find can be interpreted as the result of a double-sided hold-up
problem. A hold-up problem, as first described by Williamson (1975) and Klein et al. (1978),
arises when one party must bear the entire cost of an investment while others share in the
payoff. In markets with trading frictions, hold-up problems arise often because investments
must be made ex-ante, before agents meet. For instance, in monetary search models (e.g.,
Lagos and Wright, 2005; Rocheteau and Wright, 2005; Aruoba et al., 2007) agents acquire
money balances before trading with sellers, and in labor search models (e.g. Acemoglu,
1996; Masters, 1998; Acemoglu and Shimer, 1999) firms or workers invest in capital before
negotiating wages. In our environment, the hold-up problem is two-sided, faced by both
buyers and sellers in the secondary market that must take specific investments before trade.
Sellers must invest in newly issued assets in the primary market in order to resell to higher-
valuation investors in the secondary market. However, bargaining in the secondary market
happens ex-post, after the cost of acquiring the asset is paid. As a result, sellers only
internalize a fraction of the social value of reselling the asset because they only receive a
share of the gains from trade. To fix this externality, the mechanism would need to assign
all the gains from trade to the seller. Likewise, potential buyers in the secondary market
must “invest” in not buying assets before trade occurs. When valuing an asset, a buyer
understands they have an outside option of waiting to purchase the asset in the future
(in either the primary or secondary market). However, ex-post bargaining implies they
only internalize a fraction of the social option value of waiting. To fix this externality, the
mechanism would need to assign all the gains from trade to the buyer. Both conditions—
giving all the bargaining power simultaneously to the seller and the buyer—cannot be
jointly satisfied, implying a decentralized-equilibrium allocation that is not constrained-
efficient.

Trade is inefficient for any bargaining rule, however the direction of the inefficiency
crucially depends on the way buyers and sellers split the surplus in the secondary market.
We show that when the secondary-market sellers have all the bargaining power, investors
overvalue assets, and issuance and intermediation are inefficiently high; and, when the
secondary-market buyers have all the bargaining power, there are little gains to buy newly
created assets in order to resell, and issuance and intermediation are inefficiently low.

Our result provides a rational for the types of intervention in OTC markets that were ob-

3



served during the 2008 financial crisis. This rational is independent of additional frictions,
such as private information (see Chang (2014), Chiu and Koeppl (2015), and Bethune et al.
(2016), among others). To highlight the role of intervention, we propose a simple govern-
ment policy that individually corrects the double-sided hold-up problem and decentralizes
the constrained efficient solution. Since low-value investors do not fully internalize the
gain in intermediating assets, the government subsides their asset holdings. Likewise,
since high-value investors do not fully internalize their outside option value of waiting to
buy assets in the future, the government taxes their asset holdings. The budget is balanced
through lump-sum taxation.

We quantitatively explore the effects of the inefficiency by calibrating our model to
match certain features of the US municipal bond market. The municipal market is a text-
book example of an active OTC market (see Green et al. (2007), and Bethune et al. (2016)
for evidence). The calibration implies that search frictions are minimal—an investor con-
tacts five other investors per day—and that buyers possess a high bargaining power. As
a result, the incentives to intermediate assets are too low and aggregate asset supply is
suppressed in steady state by 10%. The intervention stimulates intermediation and implies
an increase in the bid-ask spread in steady state from 1.67% (a target in the calibration) to
2%. Comparing steady states, welfare increases about 4%; considering the transition from
the decentralized steady state, welfare increases about 0.8%.

Finally, we study the effect of an aggregate transitory shock that depresses asset valu-
ations by investors and thus contracts the asset supply in the economy. We designed the
shock to mimic the way investors withdrew from asset markets during the financial crisis.
We find that the response of the economy with no intervention is more severe than the
response of the economy with intervention in two aspects. Welfare losses in the economy
with no intervention are larger than in the economy with intervention, and the recovery of
the economy with no intervention lags the recovery of the economy with intervention by
about one year. This suggests that policies that correct trade inefficiencies natural to OTC
markets can make recessions and crisis shorter and milder.

The paper is structured as follows. Section 2 introduces the environment. Section 3
defines a decentralized equilibrium and discusses how bargaining determines equilibrium
asset allocations. Section 4 describes the constrained efficient benchmark and compares
it with the decentralized equilibrium. Section 5 discuss a government intervention to de-
centralize the constrained efficient outcome. Section 6 provides a numerical exploration of
the model. Finally, Section 7 concludes. We provide proofs of all results in the paper in
Appendix A.
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Literature Following Duffie et al. (2005), the OTC literature has mostly focused on study-
ing trading dynamics in decentralized markets with no meaningful issuance margin and
an exogenous supply of assets. For example, Lagos and Rocheteau (2007) and Garleanu
(2009) feature unrestricted asset holdings but leave the aggregate asset supply constant. He
and Milbradt (2014) include debt maturity but assume that firms reissue assets to replace
maturing debt. Recent work has started to include a meaningful role for asset issuance in
an OTC setting. Arseneau et al. (2015) examine similar questions as we do in a three-period
model in which assets are created in a primary market subject to a costly state verification
problem. Alternatively, we characterize equilibrium dynamics in infinite time in which
assets are allocated in a frictional primary market. Geromichalos and Herrenbrueck (2016)
also consider an environment with asset issuance and decentralized secondary markets,
but their focus is on the determination of liquidity and not on efficiency or policy.

Our efficiency results have a similar flavor to those in the OTC literature that introduce
some endogenous extensive margin in trade. For instance, Lagos and Rocheteau (2006)
consider an environment in which traders’ asset holdings are unrestricted and assets are
reallocated between traders through a competitive inter-dealer market.2 They find that un-
der free entry by dealers, the decentralized equilibrium cannot implement the constrained-
efficient solution. Efficient entry requires that dealers’ bargaining power equal their impact
on matching, a la Hosios (1990). However, positive dealer bargaining power leads to a
hold-up problem by traders as a result of ex-post bargaining.3

Gofman (2014) also considers the efficiency of OTC markets but in an environment in
which agents can trade bilaterally according to an exogenous network structure. If the net-
work is complete, in that all traders can trade directly with each other, then the equilibrium
is efficient for any set of bargaining powers. However, if the network is incomplete and bar-
gaining powers are strictly between zero and one, a hold-up problem arises. Traders do
not internalize the full gain of transferring the asset on valuations further along the net-
work and, as a result, assets may not end up with the highest valuation traders, lowering
welfare. Efficiency can be restored for any connected network when sellers possess all the
bargaining power. That happens because only sellers face a hold-up problem. We show,
however, that introducing asset issuance necessarily introduces an inefficiency that cannot
be restored for any set of bargaining powers because both buyers and sellers face a hold-up
problem.

Double-sided hold-up problems have been studied in the context of the labor market
in which firms and workers make investment decisions before matching and determining

2Also see Lagos and Rocheteau (2007) and Lagos and Rocheteau (2009b) for a similar environment.
3The hold-up problem also arises in Lagos et al. (2011), who studies dynamic equilibrium in which dealers

can hold inventories.
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wages. Acemoglu (1996) shows that random search and ex-post bargaining lead to social
increasing returns in the production technology that create an externality since the gains
from trade must be split. This leads to a similar result that efficiency cannot be restored by
choosing the right bargaining power. Masters (1998) shows this type of inefficiency always
leads to underinvestment in physical and human capital. Alternatively, in the context of
our asset market there could be under or overinvestment since there are not generally
increasing returns to investment on both sides of the market. One-side of the market
tends to underinvest in assets (sellers in the secondary market) and the other side tends
to overinvest (buyers in the secondary market). We show that bargaining power has an
important role in determining the shape of inefficiency.

Recent work has highlighted how the presence of intermediaries in OTC markets with
random search can sometimes lead to inefficiency. Farboodi et al. (2017) endogenize con-
tact rates in Duffie et al. (2005) and also find that the equilibrium is, in general, inefficient.
Traders inefficiently invest in contact rates as a result of a search externality: they do not
internalize that increasing their contact rate affects the distribution of other traders’ con-
tacts. A Pigouvian tax that charges traders when they make contact and uses the revenue
to double the size of the surplus decentralizes the Pareto optimum. Our efficiency result
is similar in that the planner would like to increase the size of the surplus in any trade,
however the tax/transfer scheme in Farboodi et al. (2017) only achieves the optimum in the
case with symmetric bargaining weights. Further, Farboodi et al. (2017) do not consider
issuance or endogenous asset supply.

In Farboodi et al. (2016), traders meet randomly but differ with respect to their ability
to commit to take-it-or-leave-it offers, and as a result, their bargaining power. If types, or
bargaining powers, are exogenous, then equilibrium is efficient since (i) bilateral trade is
efficient and (ii) all traders will meet each other, almost surely.4 However, if bargaining
types are endogenous and commitment requires a sunk cost, equilibrium is inefficient.

Also related to our work, Nosal et al. (2014) and Nosal et al. (2016) study an environ-
ment with endogenous intermediaries where efficiency only arises if bargaining weights
satisfy a version Hosios (1990) condition.

4Related to Gofman (2014), in a random search environment with a fixed supply of assets, the trading
network is almost surely complete and equilibrium is efficient even if bargaining powers are inside the unit
interval.
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2 Environment

Time is continuous and goes from zero to infinity. There are two types of agents: issuers
and investors. All agents are infinitely lived, risk-neutral, and discount the future at rate
r > 0. Investors have measure two and issuers have measure one. These choice of measures
simplify the notation but are not necessary for our results. There are objects called assets
that issuers issue (or produce) and investors value for their flow of a good called dividends.
An asset matures with Poisson arrival rate µ > 0 and pays a unit flow of dividends until
maturity. The asset disappears upon maturity and has no terminal payment. Dividends
are not tradable and investors must hold an asset to consume its dividends.

Each issuer has to pay an issuance cost to issue an asset, and they do not value asset
dividends. The issuance cost is heterogeneous among issuers. It follows an uniform dis-
tribution, with density g(c) = 1

c̄−
¯
c and cumulative distribution G(c) = c−

¯
c

c̄−
¯
c in the interval

[
¯
c, c̄]. Since issuers do not value dividends, they do not hold assets in equilibrium.

Investors are one of two types, low or high, and types are fixed over time.5 Half of
the investors are low type and the remaining half are high type. An investor’s type is
associated with their utility from consuming dividends. Low-type investors have utility
νl ≥ 0, while high-type investors have utility νh > νl. Investors’ asset holdings are discrete,
either zero or one. We call investors holding an asset owners and those not holding an asset
non owners. Let φ0

l ∈ [0, 1] and φ0
h ∈ [0, 1] denote the measures of low and high-type owner

investors that are given in period t = 0.

Assumption 1. (i) νl/(r + µ) =
¯
c , and (ii) νh/(r + µ) ≤ c̄.

We impose Assumption 1 throughout the paper. Part (i) implies that low-type investors
only hold assets if they profit from reselling the asset in the secondary market. To see
this, notice that νl/(r + µ) is the discounted present value that a low-type investor would
obtain from holding an asset until maturity. Because this discounted flow equals the lowest
production cost,

¯
c, low-type investors never find it profitable to buy the asset only to con-

sume its dividends until maturity. This assumption permits us to isolate the intermediation
channel in the model and thus allows us to study how the gains from intermediation shape
asset issuance and allocations. Part (ii) guarantees that the allocation is interior, which
allows us to take derivatives when needed.

5 Much of the OTC literature following Duffie et al. (2005) and Lagos and Rocheteau (2007) uses preference
shocks to generate trade motives in the secondary market. In our setting, asset maturity already generates
trade motives and preference shocks do not add to our analysis. For this reason, we eliminate preference
shocks from most of the paper. The exceptions are the numerical exercises of section 6, where the model is
augmented to include preference shocks in order to improve the model’s fit of the data.
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Issuers contact investors at random with Poisson arrival rate 2λp > 0, and investors
contact other investors at random with Poisson arrival rate λs/2 > 0. Note that an investor
expects to meet with an issuer at Poisson arrival rate λp; an issuer contacts an investor at
rate 2λp, and those contacts are distributed among the measure two of investors. Note also
that an investor expects to meet with another investor at Poisson arrival rate λs; at rate
λs/2 he contacts another investor, and at rate λs/2 another investor contacts him. We call
the market in which issuers sell newly issued assets to investors the primary market, and the
market in which investors sell existing assets to each other the secondary market. Meetings
are bilateral, and utility is transferable across investors and issuers.

To facilitate the analysis here, it is useful to anticipate some equilibrium trading pat-
terns. First, low-type investors sell assets to high-type investors and never the other way
around. Thus, low-type investors act as intermediaries. Second, if an issuer with cost c
issues to a particular investor—either of high or low type—then all issuers with cost below
c also issue to this particular investor. As a result, when defining an allocation, we define
the issuance policy only in terms of issuance thresholds cl and ch. We later verify that these
restrictions are without loss of generality in terms of characterizing decentralized equilibria
and efficient allocations in our economy.

An asset allocation and issuance policy define an allocation of the economy. An asset
allocation is a map φ = {φl(t), φh(t)}t, where φl(t) and φh(t) denote the measure of low-
and high-type owner investors at time t. An issuance policy is a map c = {cl(t), ch(t)}t,
where cl(t) and ch(t) denote thresholds for the issuance cost such that issuers with cost
below cl(t) and ch(t) issue to low- and high-type non owner investors in time t meetings.
We drop the argument t from an allocation in order to keep the notation simple whenever
it does not cause confusion.

An issuance policy c implements an asset allocation φ if the measures of owner in-
vestors, φl and φh, are consistent with the issuance thresholds, cl and ch, the trade pattern
in the secondary market, and the initial asset holdings φ0

l and φ0
h. That is, the law of motion

for φl and φh solve the system of differential equations

φ̇l = λpG(cl)(1− φl)− µφl − λsφl(1− φh) and (1)

φ̇h = λpG(ch)(1− φh)− µφh + λsφl(1− φh), (2)

given the initial conditions φl(0) = φ0
l and φh(0) = φ0

h. We say that an asset allocation φ is
feasible if there is an issuance policy c that implements φ.

Equation (1) describes the law of motion for low-type owner investors at time t. On
the right hand side, the first term captures the inflow of low-type non owner investors that
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meet issuers with cost below cl and thus buy assets from these issuers. The second term
captures the outflow of low-type owners due to asset maturity. The third term captures
the outflow of low-type owners due to the fact that they meet high-type non owners and
sell their assets to them. The law of motion for high-type owner investors described in
(2) follows similarly, except that the last term represents the inflow from trade between
investors. This difference between the asset flow equations for low- and high-type investors
follows from the different roles played by both types of investors in the secondary market:
low-type investors are sellers, while high-type investors are buyers.

3 Decentralized equilibrium

We characterize a decentralized equilibrium in terms of investors’ reservation value. The
reservation value is the absolute change in value function—that is, in expected present
value of utility—induced by acquiring or giving up an asset. Let Vl(q) denote the value
function of low-type investors, where q ∈ {0, 1} denotes the asset holdings of the investor.
Then ∆l = Vl(1) − Vl(0) is the reservation value of low-type investors. Analogously, let
Vh(q) denote the value function of high-type investors. Then ∆h = Vh(1) − Vh(0) is the
reservation value of high-type investors.

Nash bargaining determines trade and price in the primary market, where we assume
that buyers—the investors—have all the bargaining power. We make this assumption for
two reasons. First, abstracting from general equilibrium effects, the fact that buyers have
full bargaining power makes trade in the primary market efficient. Second, and more im-
portantly, the assumption simplifies the environment, and has no qualitative implications
for our results regarding the inefficiency of decentralized equilibrium, as analyzed in Sec-
tion 4. Low- and high-type non owner investors buy an asset if their reservation value
is greater than the issuer’s issuance cost. Because buyers hold all the bargaining power,
the price equals the issuance cost. These trade outcomes imply the trade pattern in the
primary market we anticipated earlier. Namely, if an issuer with cost c issues to a partic-
ular investor, either high or low type, then all issuers with cost below c must also issue to
this particular investor. The reservation values, ∆l and ∆h, specify the thresholds for asset
issuance.

Nash bargaining also determines trade and price in the secondary market, where buyers
have bargaining power θ ∈ [0, 1] and sellers have bargaining power 1− θ. To maximize the
surplus in a trade, as required by Nash bargaining, the investor with the higher reservation
value buys the asset from the investor with the lower reservation value. We anticipate
a trade pattern where low-type investors sell assets to high-type investors, as discussed
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earlier in the paper. To obtain this pattern, we conjecture that the reservation value of
high-type investors is strictly higher than the one of low-type investors—that is ∆h > ∆l.
We verify this inequality later using equilibrium equations. Denote by x the price a non
owner high-type investor pays to buy an asset from a low-type owner investor. By Nash
bargaining, x maximizes (x− ∆l)

1−θ(∆h − x)θ, which implies x = ∆h − θ[∆h − ∆l].
Given these outcomes in bilateral trade, the value functions for low-type owner and non

owner investors satisfy

rVl(0) = V̇l(0) + λp

∫ ∆l

¯
c

(∆l − c)g(c)dc and (3)

rVl(1) = V̇l(1) + νl − µ∆l + λs(1− φh)(1− θ)(∆h − ∆l). (4)

Equation (3) describes the law of motion for the value function of low-type non owner
investors. The first term is the change in utility at a point in time and the second term is
the expected gain in utility from meeting and purchasing an asset from an issuer in the
primary market. Equation (4) describes the law of motion for the value function of low-
type owner investors. The first term is the change in utility at a point in time, the second
term is the utility flow from holding the asset, the third term is the expected loss in utility
due to asset maturity, and the last term is the gain in utility from meeting and selling an
asset to a high-type non owner investor in the secondary market.

Similarly, the value function of high-type owner and non owner investors satisfy

rVh(0) = V̇h(0) + λp

∫ ∆h

¯
c

(∆h − c)g(c)dc + λsφlθ(∆h − ∆l) and (5)

rVh(1) = V̇h(1) + νh − µ∆h. (6)

Equation (5) describes the law of motion for the value function of high-type non owner
investors. The first term is the change in utility at a point in time, the second term is the
expected gain in utility from meeting and purchasing an asset from an issuer in the primary
market, and the last term is the expected gain in utility from meeting and purchasing an
asset from a low-type owner investor in the secondary market. Equation (6) describes the
law of motion for the value function of high-type owner investors. The first term is the
change in utility at a point in time, the second term is the utility flow from holding the
asset, and the last term is the expected loss in utility due to asset maturity.

We obtain a differential equation for the reservation value of low-type investors by
taking the difference between equations (3) and (4), and for the reservation value of high-
type investors by taking the difference between equations (5) and (6). The reservation
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values of low- and high-type investors satisfy

(r + µ)∆l = ∆̇l + νl − λp

∫ ∆l

¯
c

(∆l − c)g(c)dc + λs(1− φh)(1− θ)(∆h − ∆l) and (7)

(r + µ)∆h = ∆̇h + νh − λp

∫ ∆h

¯
c

(∆h − c)g(c)dc− λsφlθ(∆h − ∆l). (8)

Investors’ reservation values can be decomposed into three components: a fundamental
value and two option values. To understand this decomposition, consider the reservation
value equations (7) and (8) in steady state:

∆l =
νl

r + µ
− λp

∫ ∆l

¯
c (∆l − c)g(c)dc

r + µ
+ λs

(1− φh)(1− θ)(∆h − ∆l)

r + µ
and

∆h =
νh

r + µ
− λp

∫ ∆h

¯
c (∆h − c)g(c)dc

r + µ
− λs

φlθ(∆h − ∆l)

r + µ
.

The first term in the first equation represents the fundamental value of the asset to low-
type investors—the expected discounted utility flow from consuming the dividend, νl,
until maturity. If there was no trade (for instance, if λp and λs were equal to zero), the
fundamental value alone would determine the reservation value ∆l. However, since there
is trade, the options of buying and selling assets in the future play an important role in
determining the reservation value. Consider the reservation value for low-type investors.
When purchasing an asset, they lose the option of waiting to purchase the asset later in
the primary market but gain the option of selling the asset in the secondary market to
a high-type investor. These are represented as the second and third terms in the first
equation above. Similarly, when high-type investors purchase an asset, they lose the option
of waiting to purchase the asset later in the primary market and also lose the option of
waiting to purchase the asset later in the secondary market. These are represented as the
second and third terms in the second equation above.

Using (7) and (8), Lemma 1 verifies that the reservation value of high-type investors is
strictly higher than the reservation value of low-type investors—that is ∆h > ∆l.

Lemma 1. If reservation values ∆l(t) and ∆h(t) are bounded and satisfy the differential equations
(7) and (8), the reservation value of high-type investors is strictly higher than the reservation value
of low-type investors at any point in time. That is, ∆h(t) > ∆l(t) for all t.

High-type investors enjoy a higher flow utility from consuming dividends, νh > νl. As a re-
sult, the fundamental-value component of the reservation value for the high-type investors
is higher than that for the low-type investors. If reservation values are not consistent with
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the fundamental component, that is if ∆h ≤ ∆l, then they must be consistent with beliefs
about future reservation values. Low-type investors must believe that their reservation
value will keep increasing. This generates an explosive path for the reservation value that
is inconsistent with bounded payoffs, a contradiction that implies that reservation values
are consistent with their fundamental-value component.6

Without loss of generality, we define a decentralized equilibrium in terms of reserva-
tion values instead of value functions. For any pair of reservation values, the differential
equations (3)-(6) yield the associated value functions. Additionally, we do not include the
value function of issuers in our equilibrium definition since it is always zero because they
have no bargaining power and are paid their cost when issuing an asset.

Definition 1. A decentralized equilibrium is an asset allocation and bounded reservation values for
investors, {φ, ∆} = {φl, φh, ∆l, ∆h}, that solve the differential equations

(r + µ)∆l = ∆̇l + νl − λp

∫ ∆l

¯
c

(∆l − c)g(c)dc + λs(1− φh)(1− θ)(∆h − ∆l) (9)

φ̇l = λp(1− φl)G(∆l)− µφl − λsφl(1− φh) (10)

(r + µ)∆h = ∆̇h + νh − λp

∫ ∆h

¯
c

(∆h − c)g(c)dc− λsφlθ(∆h − ∆l) (11)

φ̇h = λp(1− φh)G(∆h)− µφh + λsφl(1− φh) (12)

with initial conditions φl(0) = φ0
l and φh(0) = φ0

h.

A decentralized equilibrium is at a steady state when the asset allocation and reservation
value of investors are constant.

Definition 2. A decentralized steady-state equilibrium is an asset allocation and bounded reserva-
tion values for dealers and investors, {φ, ∆} = {φl, φh, ∆l, ∆h}, that solve the system of equations
(9)-(12) with time derivative φ̇l = φ̇h = ∆̇l = ∆̇h = 0 for all t.

The existence of a decentralized equilibrium (in and out of steady state) follows from
standard methods used to solve non linear differential equations.7

6 Lemma 1 confirms our assumption that ∆h > ∆l ; however, it does not show that an alternative equi-
librium with ∆h ≤ ∆l does not exist. That is, if we assume ∆h ≤ ∆l , the reservation value equations (7)
and (8) would be different because Nash bargaining would imply trade in the opposite direction—-low-type
investors buying assets from high-type investors. These new equations could be consistent with ∆h ≤ ∆l ,
however we show that this is not the case. The trade pattern associated with ∆h < ∆l implies that ∆h > ∆l ,
which is a contradiction, and ∆h = ∆l can easily be ruled out because νl 6= νh. We discuss these results in the
Appendix with the proof of Lemma 1.

7We omit an existence proof here but provide it upon request.
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3.1 Bargaining power and equilibrium asset allocations

Bargaining power in the secondary market plays an important role in shaping the incentives
of investors to buy or sell assets, which makes it key in determining equilibrium asset
allocations. This is not clear from the existing literature. For example, in the standard
DGP model, the equilibrium asset allocation is independent of the bargaining power—
which determines only transfers of utils. In our model, the equilibrium asset allocation is
a function of the bargaining power. In this section, we study this function.

We compare three state-steady economies: the sellers’ economy, the buyers’ economy,
and the interior economy. The three economies are the same in all primitives except for the
bargaining power of buyers and sellers in the secondary market. In the sellers’ economy,
sellers have all the bargaining power, that is θ = 0. In the buyers’ economy, buyers have all
the bargaining power, that is θ = 1. In the interior economy, neither sellers or buyers have
all the bargaining power, that is 0 < θ < 1. We order the economies from A to C according
to the bargaining power, that is 0 = θA < θB < θC = 1.

Proposition 1. If the asset allocations and reservation values {φA
l , φA

h , ∆A
l , ∆A

h }, {φB
l , φB

h , ∆B
l , ∆B

h },
and {φC

l , φC
h , ∆C

l , ∆C
h } are associated with steady-state decentralized equilibria for the sellers’ econ-

omy, the interior economy, and the buyers’ economy, then

(i) φA
l > φB

l > φC
l = 0,

(ii) φA
h > φB

h > φC
h ,

(iii) ∆A
l > ∆B

l > ∆C
l = νl

µ+r , and

(iv) ∆A
h = ∆C

h > ∆B
h .

Part (i) and (ii) of Proposition 1 provide that low- and high-type investors hold the
least amount of assets when buyers possess all the bargaining power and hold the most
when sellers possess all the bargaining power. An immediate implication is that aggregate
asset supply, φl + φh, follows a similar pattern. These results follow by noticing that asset
holdings move in the same direction as the reservation value of low-type investors (part
(iii) of the proposition). Low-type investors serve as natural intermediates—buying assets
from issuers and selling them to high-type investors. In the buyers’ economy, low-type
investors have a low reservation value because they do not get any of the gains from trade
when selling assets. As a result, low-type investors have no incentive to intermediate asset
issuance and hold no assets, which reduces the buying options of high-type investors and
leads them to hold less assets in equilibrium. The sellers’ economy features the opposite
pattern. Low-type investors have a high reservation value because they correctly size all the
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gains from trade when selling assets. As a result, low-type investors have higher incentives
to intermediate assets, increasing the option value of buying assets for high-type investors
and leading them to hold more assets in equilibrium. Finally, part (iv) of the proposition
provides that the reservation value of high-type investors is maximized for bargaining
powers in the extremes, θ ∈ {0, 1}. This follows because when θ = 0 or θ = 1 the option
value of buying seasoned assets in the secondary market is zero for high-type investors,
and positive option values reduce the value of holding, and thus acquiring, an asset. When
θ = 0, the option value is zero because all of the gains from trade are captured by the
seller—the low-type investor. When θ = 1, the option value is zero because there is no
trade of seasoned assets as low-type investors have no incentives to intermediate.

4 Efficient asset allocation

We now turn to solving for the constrained-efficient allocation, constrained in the sense
that the allocation has to satisfy the search frictions of the economy. We label the problem
of finding a constrained-efficient asset allocation the planner’s problem. The planner is
allowed to choose the issuance policy in the primary market and to choose the trade pattern
in the secondary market. As we did with the decentralized equilibrium, we anticipate a few
results. First, when an owner low-type investor meets a non owner high-type investor, the
planner will transfer the asset from the low-type investor to the high-type investor. Second,
when an owner high-type investor meets a non owner low-type investor, the planner will
not transfer the asset from the high-type investor to the low-type investor.

An asset allocation, φ, is constrained-efficient if there is an issuance policy, c, such that
φ and c maximize aggregate utility,

∫ ∞

0
e−rt

{
φlνl + φhνh − λp

[
(1− φl)

∫ cl

0
cg(c)dc + (1− φh)

∫ ch

0
cg(c)dc

]}
dt, (13)

subject to the feasibility conditions (1) and (2).8 Lemma 2 provides the first order conditions
that are necessary for an asset allocation to be constrained-efficient.

Lemma 2. If an asset allocation φ is constrained-efficient, then there exist co-state variables γl, γh ≥
0 such that γl, γh, φl, and φh solve the system of differential equations given by

rγl = γ̇l + νl − µγl − λp

∫ γl

0
(γl − c)g(c)dc + λs(1− φh)(γh − γl) (14)

8 Note that in this definition we give Pareto weight one to each agent. This is without loss of generality
because the model has transferable utility—differences in Pareto weights determine transfers but do not
distort the asset allocation.
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φ̇l = λp(1− φl)G(γl)− µφl − λsφl(1− φh) (15)

rγh = γ̇h + νh − µγh − λp

∫ γh

0
(γh − c)g(c)dc− λsφl(γh − γl) (16)

φ̇h = λp(1− φh)G(γh)− µφh + λsφl(1− φh) (17)

with boundary conditions φl(0) = φ0
l , φh(0) = φ0

h, and lim e−rtγl = lim e−rtγh = 0.

The co-state variables, γl and γh, represent the social value of having low- and high-
type investors holding an asset—we call them the social value of a low- and high-type
investor. The social value of an investor is analogous to their reservation value, only from
the standpoint of aggregate welfare. First, the planner understands that there is a funda-
mental value in giving an asset to an investor coming from the dividend valuations, νl and
νh. The planner also understands that there are two option values for each type of investor.
For low-type investors, there is the option value of buying the asset later in the primary
market, λp

∫ γl
0 (γl − c)g(c)dc, which he loses by acquiring an asset, and the option value of

transferring the asset later to a high-type investor, λs(1− φh)(γh − γl), which he gains by
acquiring an asset. For high-type investors, there is the option value of buying the asset
later in the primary market, λp

∫ γh
0 (γh− c)g(c)dc, which he loses by acquiring an asset, and

the option value of buying the asset later from a low-type investor, λsφl(γh− γl), which he
also loses by acquiring an asset.

There is a key difference between the social values in (14) and (16) and private reser-
vation values in (9) and (11). When the planner evaluates the social value of allocating
an asset to a low-type investor, he takes into account that the low-type investor will, with
some probability, transfer the asset to a high-type investor. In doing so, the planner takes
into account the entire surplus generated by transfering an asset from a low-type investor
to a high-type investor, or the entire surplus from trade in the secondary market. When
the low-type investor evaluates his reservation value, however, he takes into account only a
fraction 1− θ, his bargaining power, of this surplus. The reason is because he faces a hold-
up problem—his decision to invest in buying an asset occurs before meeting with a buyer
for the asset in the secondary market. As usual in hold-up problems, the only way that the
equations for the social value and reservation value of a low-type investor coincide is if the
low-type investor has all the bargaining power when selling an asset. That is, 1− θ = 1.

Similarly, when the planner evaluates the social value of a high-type investor, he takes
into account that the high-type investor will, with some probability, meet with a low-type
owner investor in the future in which he could have bought the asset from. In doing so,
the planner takes into account the entire loss of surplus generated by passing an asset
from a low-type investor to a high-type investor. When the high-type investor evaluates
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his reservation value, he takes into account only a fraction θ, his bargaining power, of this
surplus. The high-type investors also faces a hold-up problem—his decision not to invest
in buying an asset occurs before meeting with a seller in the secondary market. The only
way that the equations for the social value and reservation value of a high-type investor
coincide is if the high-type investor has all the bargaining power when buying an asset.
That is, θ = 1.

Making sense of the two sides of the hold-up problem is not possible, as this would
require that both buyers and sellers have all the surplus generated by a trade. Investors
will never value the gains from trade in the same way the planner does, and as a result, the
outcome of a decentralized equilibrium cannot replicate the planner’s solution—no matter
how investors bargain over gains from trade. We prove Proposition 2 with a formal version
of this argument.

Proposition 2. A decentralized-equilibrium asset allocation is never efficient.

The way in which investors split the surplus when trading is irrelevant in concluding
that decentralized trade is inefficient. For any surplus splitting rule, investors cannot both
fully internalize the social value of trade that leads to inefficiency. However, the surplus
splitting rule does matter in determining the direction the equilibrium allocation is dis-
torted. To illustrate this, consider again the sellers’ and buyers’ economy associated with
bargaining powers θA = 0 and θC = 1 from Section 3.1. In the following proposition, we
show how the bargaining power determines equilibrium allocations.

Proposition 3. If the asset allocation and reservation values {φA
l , φA

h , ∆A
l , ∆A

h } are associated with
a steady-state decentralized equilibria for the sellers’ economy, {φC

l , φC
h , ∆C

l , ∆C
h } are associated with

a steady-state decentralized equilibria for the buyers’ economy, and the asset allocation (φ∗l , φ∗h) is
efficient, in steady state, and has social values γl and γh, then

(i) φA
l > φ∗l > φC

l = 0,

(ii) φA
h > φ∗h > φC

h ,

(iii) ∆A
l > γl > ∆C

l = νl
µ+r , and

(iv) ∆A
h = ∆C

h > γh.

In the sellers’ economy, high-type investors do not internalize the option value of buying
assets in the secondary market because they gain no surplus. As a result, they over value
purchasing assets through the primary market and ∆A

h > γh. Low-type investors also over
value assets since the secondary market surplus reflects the over valuation of high-type
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investors, ∆A
l > γl. In equilibrium, there is over issuance and the asset supply is too high,

φA
l + φA

h > φ∗l + φ∗h . The opposite is true in the buyers’ economy. In this case, low-type
investors do not gain any surplus from reselling and, since c = νl/(r + µ), they do not
hold assets, φC

l = 0 and ∆C
l < γl. Since there is no secondary market trade, high-type

investors have no secondary market option value, which again implies they over value
primary issuance, ∆C

h > γh. In equilibrium, there is under issuance and the asset supply is
too low, φC

l + φC
h < φ∗l + φ∗h .

Two comments are relevant before concluding this section. The first comment is that the
inefficiency result is independent of the type of bilateral bargaining protocol that we use in
the model. What is key for the result is that buyers and sellers in a meeting need to make
costly actions prior to the meeting, thus allowing a double hold-up problem to arise.9

The second comment pertains the way we split the surplus in the primary market. We
assigned full bargaining power to buyers in the primary market for two reasons. Assigning
the full bargaining power to the buyer is optimal if we abstract from the secondary market,
and the inefficiency result survives even if we allow the splitting rule in the primary market
to differ. Because of these reasons, we decided to abstract from having a generic splitting
rule in the primary market to keep the model as simple as possible. This allows us to
focus on how the way trade surpluses are split in the secondary market between buyers
and sellers affects the economy and generates the inefficiency we discuss in Proposition 2.
Still, a proof of the inefficiency result with a generic splitting rule in the primary market is
available for the interested reader.

5 A government intervention

Decentralized trade in the secondary market with ex-post bargaining necessarily leads to
wedges between the investors’ reservation values and the social values coming from in-
vestors not internalizing the full surplus generated by their trade. To correct for these
wedges, we propose a simple tax-subsidy government intervention. Since low-type in-
vestors, when they buy an asset, do not internalize the full gain in the option value of
selling later in the secondary market, we propose subsidizing their asset holdings. Since

9 Note, however, that a more general mechanism or trading protocol could, in principle, approximate the
efficient outcome. For instance, if trades and transfers are history dependent, efficiency could arise due to a
form of folk theorem which holds in this environment. Alternatively, price posting and directed search have
been shown to solve double-sided hold-up problems in environments with constant returns to scale matching
(which is not true in the benchmark OTC environment we use). We do not allow for more general mechanisms
or trading protocols because we interpret these markets as spot trading and take seriously the notion that
investors are limited in their information about potential trading partners, as is broadly considered the case
in the OTC literature.
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high-type investors, when they buy an asset, do not internalize the full loss in the option
value of buying later in the secondary market, we propose a tax to their asset holdings. We
achieve a balanced budget through lump-sum taxation. We show that this simple policy
fully corrects for the double hold-up problem and achieves efficiency.

Formally, a government intervention, or just an intervention to keep it simple, is a triple
τ = {τl(t), τh(t), τ̄(t)}t, where τl is a subsidy on asset holdings of low-type investors, τh

is a tax on asset holdings of high-type investors, and τ̄ is a lump-sum tax on all investors.
Given an asset allocation φ, an intervention τ = {τl(t), τh(t), τ̄(t)}t is feasible if∫ ∞

0
e−rt[2τ̄(t) + φhτh(t)− φlτl(t)]dt ≥ 0. (18)

We adjust the decentralized equilibrium equations to account for the intervention and get
the following equilibrium definition.

Definition 3. A decentralized equilibrium with intervention τ is an asset allocation and bounded
reservation values for investors, {φ, ∆} = {φl, φh, ∆l, ∆h}, that solve the equations

(r + µ)∆l = ∆̇l + νl + τl − λp

∫ ∆l

¯
c

(∆l − c)g(c)dc + λs(1− φh)(1− θ)(∆h − ∆l) (19)

φ̇l = λp(1− φl)G(∆l)− µφl − λsφl(1− φh) (20)

(r + µ)∆h = ∆̇h + νh − τh − λp

∫ ∆h

¯
c

(∆h − c)g(c)dc− λsφlθ(∆h − ∆l) (21)

φ̇h = λp(1− φh)G(∆h)− µφh + λsφl(1− φh) (22)∫ ∞

0
e−rt[2τ̄(t) + φhτh(t)− φlτl(t)]dt = 0 (23)

with initial conditions φl(0) = φ0
l and φh(0) = φ0

h.

Note that the lump-sum tax τ̄ does not appear in the reservation-value equations (19)
and (21). This is because investors pay τ̄ both when they are holding or not holding an
asset, so τ̄ does not have a direct impact on the gain of holding an asset.

Proposition 4. Consider an efficient asset allocation, φ∗, associated with bounded social values γl

and γh. Define τ = {τl, τh, τ̄} as τl = θλs(1− φ∗h)(γh − γl), τh = (1− θ)λsφ
∗
l (γh − γl), and

τ̄ = (φlτl − φhτh)/2. Then {φ∗l , φ∗h , γl, γh} is a decentralized equilibrium with intervention τ.

An immediate implication of Proposition 4 is that the intervention policy simplifies
when the bargaining power is either zero or one. If sellers have all the bargaining power
(θ = 0), the intervention restores efficiency simply with a tax to asset holdings of high-type
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investors. In this case, there is a unique source of inefficiency to be solved: buyers fail
to internalize the option value lost when they acquire an asset. Likewise, if buyers have
all the bargaining power (θ = 1), the intervention restores efficiency by subsidizing asset
holdings of low-type investors. The unique source of inefficiency to be solved is that sellers
fail to internalize the option value gained when they acquire an asset. The next corollary
formalizes these claims.

Corollary 1. Consider the buyer’s and seller’s economy described before. Then, the following holds:

(i) in the seller’s economy, that is θ = 0, if φ∗ is an efficient asset allocation associated with
bounded social values γl and γh, then {φ∗l , φ∗h , γl, γh} is a decentralized equilibrium with
intervention τl = 0, τh = λsφ

∗
l (γh − γl) and τ̄ = −φ∗hτh/2; and

(ii) in the buyer’s economy, that is θ = 1, if φ∗ is an efficient asset allocation associated with
bounded social values γl and γh, then {φ∗l , φ∗h , γl, γh} is a decentralized equilibrium with
intervention τl = λs(1− φ∗h)(γh − γl), τh = 0 and τ̄ = φ∗l τl/2.

6 Numerical exploration of the model

In this section, we numerically explore three features of the model: the inefficiency implied
by the double hold-up problem, how the inefficiency interacts with search frictions in the
secondary market, and how the economy responds to aggregate shocks, both in autarky
and under government intervention.

6.1 Parameters

In our numerical exploration, we intend to work with parameters that are sensible and
generate reasonable market outcomes, but we do not claim that our environment fully
captures all the features of OTC markets. With this in mind, we set some parameters based
on our experience with the model and existing literature, and the remaining parameters we
calibrate to match moments of the US municipal bond market. The Municipal Securities
Rulemaking Board (MSRB) makes data available covering primary and secondary trade of
municipal bonds. The data we use cover the periods between 2005 and 2014. To give an idea
of the size of this market, during our sample period, municipalities issued about 108,000
different bonds at a total par value of $3.6 trillion. The secondary market for municipal
bonds was also active, with 40,000 transactions per day and $14 million par amount per
transaction.10

10 For more information, check the MSRB website http://www.msrb.org.
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One issue we found while performing our exercise is that the model generates fewer
trades in the secondary market than what we observe in the municipal bond market. The
existing literature with a fixed supply of assets features preference shocks in order to gen-
erate trade in the secondary market. In order to match the size of the secondary market in
our data, we extend our model in this same way. That is, we assume that, with a Poisson
arrival rate α, a low-type investor becomes a high-type investor and with the same Poisson
arrival rate α, a high-type investor becomes a low-type investor. The parameter α controls
the relative size of the secondary market. Everything else constant, high α leads to more
trades in the secondary market because when high-type owner investors become low-type
owner investors they benefit from selling the asset to high-type non owner investors. In the
opposite way, low α leads to less trades in the secondary market. We stress that our theo-
retical findings survive the introduction of preference shocks. In particular, the inefficiency
result provided in Proposition 2 still applies.

With the extension, we have 10 parameters to set: r, νl, νh,
¯
c, c̄, µ, λp, λs, θ, and α. We

set the discount rate r = 0.05, which is associated with a time length of one year. We set
investors type νh = 1 and νl = 0.75. We set the issuance cost parameters

¯
c = νl/(r + µ)

and c̄ = νh/(r + µ). The remaining parameters we calibrate to match moments of the US
municipal bond market. We target five moments, average maturity, average yield, bid-
ask spread in the secondary market, average time between buying in the primary market
and selling in the secondary market, and relative size of the secondary market. In the
Appendix, we describe the computation of these moments in the data. Average maturity
in the data is 15 years and average maturity in the model is 1/µ, so we set µ = 1/15.
For λp, λs, θ, and α, we use a grid search algorithm to minimize the distance between the
moments associated with a decentralized steady-state equilibrium and the moments in the
data. Table 1 contains the moments we use, and Table 2 contains the final parameters. The
model matches relatively well the moments we target, with the exception of the average
yield.11

Two calibrated parameters stand out and warrant further discussion: the secondary-
market search intensity, λs = 1618, and the bargaining power of buyers in the secondary
market, θ = 0.98. The secondary-market search intensity, λs = 1618, implies that an
investor contacts five other investors per day. This value for λs reflects a secondary market
of municipal bonds where dealers take only five days to sell an asset—a target we match in

11 We attempted a version of the calibration in which we included the dividend valuations, νl and/or
νh. These parameters speak directly to prices and, therefore, to yields. When we did that, we added more
moments to keep the model identified, and we did not find any big change in what we learn from the
numerical exercises so we decided to be parsimonious and keep the number of moments in the paper to a
minimum.
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Table 1: Moments

Data Model

Average yield (%) 5.23 3.97
Bid-ask spread (%) 1.67 1.68
Avg. time to sell (days) 4.99 5.00
Secondary-market share volume (%) 43.87 38.00

Table 2: Parameters

r µ λp λs θ
¯
c c̄ νl νh α

0.05 1/15 0.19 1618 0.98 6.43 8.58 0.75 1 0.02

our calibration. The other parameter, which we find more intriguing to understand, is the
bargaining power of buyers in the secondary market, θ = 0.98. The bid-ask spread of low-
type investors is about 1.7%—which seems high—and still, sellers have only 2% bargaining
power. What is going on is that the secondary market allocates assets from low to high-
type investors very fast due to the high λs. As a result, there are few low-type investors to
buy assets from, and the surplus generated in a secondary-market trade, ∆h − ∆l, is high.
The bid-ask spread of low-type investors is

∫ ∆l+(1−θ)(∆h−∆l)
c dG(c)− 1. Given that ∆h − ∆l

is high, to get a bid-ask spread of 1.7% we must then have 1− θ small—that is, we must
then have θ close to one.

6.2 The scale and scope of the inefficiency

To evaluate the inefficiency in our economy, we perform the following exercise. We start
with an economy that is in a decentralized steady-state equilibrium. Then the planner, in a
move that is unexpected by investors, implements the efficient allocation using the policy
described in Section 5. Table 3 contains some outcomes from this exercise.

The economy we calibrated is close to the buyers’ economy we discussed in previous
sections because the bargaining power of buyers in the secondary market is close to one.
With the numerical example, we can better see how that works. As in the buyers’ economy
of Proposition 3, asset holdings are lower for low- and high-type investors than in the
constrained-efficient allocation. In the decentralized economy, low-type investors have little
incentive to intermediate. The planner increases the bid-ask spread (i.e. the intermediation
markup) from 1.67% to 2% in the constrained-efficient allocation. Since the decentralized
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Table 3: Outcomes

Steady-state outcomes Dec. equilibrium Const.-Efficient
Bid-ask spread (%) 1.67 2.0
Low-type holdings, φl 0.001 0.078
High-type holdings, φh 0.96 0.99
Low-type time to sell (days) 4.99 33.8
High-type time to buy (days) 206.6 28.5
Secondary-market tightness (Sellers/Buyers) 0.03 1.19

Welfare gain (%) Dec. equilibrium Const.-Efficient
Steady state – 3.95
Discounted present value – 0.82

equilibrium features fewer sellers in the secondary market than what is observed in the
constrained-efficient allocation, the decentralized equilibrium exhibits lower tightness: 0.03
instead of 1.19 in the efficient allocation. This implies that (i) intermediators sell their assets
quickly in the decentralized equilibrium (5 days, on average) and slowly in the constrained-
efficient allocation (33 days, on average), and (ii) high-type investors require a long time
to buy an asset in the secondary market in the decentralized equilibrium (206 days, on
average) while it only takes them a short time to buy assets in the secondary market in
the constrained-efficient allocation (28 days, on average). Overall, this implies a 3.95%
welfare gain, not including the transition, and 0.82% welfare gain, including the transition
of moving from the steady-state decentralized equilibrium to the efficient steady state.

6.3 Effects of bargaining in the secondary market

As described in Proposition 3, the way the surplus is split between investors in the sec-
ondary market is key in influencing the direction of misallocation and inefficient asset
supply. Figure 1 illustrates the quantitative impact of θ on the magnitude of the efficiency
gains from introducing the tax/subsidy scheme. The welfare gains of the policy are highly
sensitive to the surplus splitting rule, particularly at the end points. Changing θ from 0.98
in the baseline economy to 1 implies that the welfare gain from the policy increases from
0.82% to about 1.2%. On the other hand, when θ is near one-half, the gains are close to
zero.

Why is the magnitude of the inefficiency highly sensitive to θ at the end points? Figure
2 illustrates the steady-state decentralized equilibrium allocation as a function of θ. The
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Figure 1: The welfare effects of the optimal tax/subsidy scheme as a function of θ.

top-two panels show asset holdings of low- and high-type investors, the bottom-left panel
shows the reservation values, and the bottom-right panel shows the average bid-ask spread.
Small deviations around the calibrated value of θ imply large deviations in the allocation.
As θ decreases slightly, the asset holdings of high-type investors increase rapidly. The
reservation value of investors converge which implies the gains to secondary market trade
fall. For intermediate values of θ, reservation values and the asset allocation are relatively
insensitive to changes in θ.

It may seem as though the sensitivity in θ is problematic, for instance perhaps any error
in the moments our calibration matches may impact the bargaining power and as a result
impact the gain to intervention. However, while the welfare gains are sensitive to θ, its
calibrated value is not sensitive to the moments we match. For instance, imposing that
θ = 1 would imply a markup of zero and imposing θ = 0.97 would imply a markup of 4.0,
both of which are out of line with any of the estimates for dealer markups in Green et al.
(2007) (our targets).

6.4 Effects of trading speed

In the baseline economy, secondary market trading speed is high, implying that trading
delays are minimal. The municipal bond market does not seem to feature significant fric-
tions in finding a counterparty. Despite this fact, the welfare gain from intervention is still
large. Even though search frictions are low, bilateral trade and bargaining still imply that
the surplus cannot be fully internalized by both investors. Policies aimed at solely improv-
ing trading speed may be limited by the inefficiency of bilateral trade. We highlight these
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Figure 2: The decentralized steady-state allocation as a function of θ.

limitations in Figure 3 that illustrates the effect of trading speed on welfare.
The left panel compares welfare in the planner’s solution and decentralized equilib-

rium to the unconstrained, first best allocation. The solid-blue line shows the welfare loss,
comparing steady states, of the decentralized equilibrium relative to first-best. Similarly,
the dashed-black line shows the welfare loss of the planner’s, constrained solution relative
to first best. The difference between the two lines represents the gain from intervention,
which we plot in the right panel.

As trading speed increases, welfare in both the decentralized equilibrium and the plan-
ner’s solution increase, causing the welfare loss compared to the first best to decline.
For high values of λs there is still a considerable welfare difference between the con-
strained/decentralized allocations and first best. In terms of the gains from interven-
tion, the effects are hump-shaped. When trading speed is zero, there is no scope for
intervention—the two lines in the left panel are equal. Markets with a slow trading speed
have the greatest need for intervention. However even for high values of λs, there is a
considerable gain from intervention. Fast markets do not imply that the inefficiency of
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Figure 3: The welfare loss relative to unconstrained first best.

decentralized trade is small.

6.5 Application: aggregate demand shocks

During the 2008/2009 financial crisis, many investors withdrew from the market for asset-
backed securities and other OTC asset markets, something we interpret as the result of
a negative aggregate demand shock. In this section, we intend to understand how the
friction we identify, the double hold-up problem, shapes the response to the shock and
how government intervention that restores constrained-efficiency to the economy impacts
the severity and duration of the crisis that follows. We view this experiment as providing
a good rational for government intervention in OTC markets.

Specifically, we consider an unexpected aggregate shock to the valuation of dividends
of investors. Operationally, we assume that the economy is in steady state when an unan-
ticipated shock occurs at time zero that decreases the flow valuation of high-type investors,
νh = 1.00, to the level of low-type investors, νl = 0.75, for t̄ years and then slowly recovers.
The process ν̇h = (1− νh)(t− t̄)2 governs the recovery of νh from time t̄ forward. Here we
set t̄ = 2. At time zero, after the shock hits the economy, investors and issuers learn the
entire future path of νh.

We examine how the shock affects asset issuance, welfare, and the distribution of asset
holdings in the secondary market in two economies: (i) the decentralized economy we cal-
ibrated in Section 6.1 (the “baseline economy”), and (ii) the decentralized economy with
taxes that attains the constrained-efficient allocation that we described in Section 5 (the “in-
tervention” economy). Comparing the responses of these two economies to the aggregate
demand shock will illustrate that the severity and length of crises in OTC asset markets are
lower under government intervention than under no intervention.

Figure 4 illustrates the responses of welfare and total asset holdings to the aggregate
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Figure 4: Response in welfare and asset holdings to an aggregate demand shock.

shock. It shows that the aggregate responses to the shock in the baseline and the inter-
vention economies are similar at a qualitative level but quantitatively different. Under
government intervention, welfare and the asset level exhibit a slightly dampened decline
during the downturn but a markedly faster recovery than in the baseline economy. At the
depth of the crisis, after two years, welfare in the intervention economy is about 1.3% lower
than in steady state, while in the baseline economy welfare is 1.4% lower. A similar pattern
is present for total asset holdings, a measure that policymakers and pundits often use to
gauge welfare, experiencing a 2% fall relative to steady state under government interven-
tion compared to a 2.1% fall in the baseline economy. Both economies start recovering after
one years. However, welfare and total asset holdings in the baseline economy lag those in
the intervention economy by one year, on average.

Figure 5: Asset holdings by investor type.

How exactly does the intervention achieve a dampened welfare loss and faster recov-
ery? A notable feature of the intervention economy is that the adjustment largely occurs
through a significant fall in the intermediation performed by low-type investors. That is,
the intervention induces low-type investors to rapidly respond to demand shocks, either
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by depleting their inventories during the downturn or restoring them quickly at the onset
of the recovery. This response in intermediation allows the asset holdings of high-type
investors to recover faster when their valuation improves. Figure 5 displays the asset hold-
ings of each investor type in order to illustrate this point. The decline in asset holdings
of low-type investors (relative to steady-state) is 100% larger in the intervention economy
than in the baseline economy. Once the recovery begins (when the high-type investor val-
uation begins to increase toward its original value) the low-type investors’ asset holdings
increase quickly, hiking up the intermediation level. In the intervention economy, low-type
investors are used as intermediaries to a greater extent in order to reduce the welfare losses
that follow from the aggregate demand shock.

Figure 6: Bid-ask spreads and asset issuance.

How does the intervention incentivize low-type investors to act quickly during the de-
mand shock episode? Figure 6 shows the bid-ask spread recieved by low-type investors as
well as total asset issuance. Bid-ask spreads generate the correct incentives for low-type
investors to adjust their level of intermediation. At the moment the shock hits the economy,
bid-ask spreads decline more in the intervention economy than in the baseline economy.
This larger decline generates incentives for low-type investors to reduce their interme-
diation activity more in the intervention economy than in the baseline economy. Once
the economy starts to recover, bid-ask spreads increase more rapidly in the intervention
economy than in the baseline economy. This generates the correct incentives for low-type
investors to increase their intermediation activity more in the intervention economy than
in the baseline economy. They do so by soaking up a wave of new asset issuance that is
spurred more during the recovery phase in the intervention economy than in the baseline
economy. The intervention responds to aggregate demand shocks by using intermediation
to dampen and stimulate asset issuance. Doing so leads to a milder downturn and shorter
recovery.
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7 Conclusion

We showed that the issuance of assets that retrade in OTC secondary markets is always
distorted as a result of a double-sided hold-up problem that cannot be solved by correctly
splitting the gains from trade. Low-value investors, acting as natural intermediaries, re-
quire the full surplus from trade in order to fully internalize the social value of transferring
the asset to higher-valuation investors. On the other hand, high-value investors require
the full surplus from trade in order to fully internalize their outside option of waiting to
purchase the asset in the future. Both conditions can never be simultaneously satisfied,
leading to an inefficient aggregate asset supply and misallocation among investors. Fur-
ther, the direction of inefficiency and misallocation depends on the way the surplus is
split. If secondary market buyers posses all the bargaining power, intermediation and asset
supply are depressed. If secondary market sellers posses all the bargaining power, then
intermediation and asset supply are too high.

The government can restore efficiency by levying a tax on the asset holdings of high-
valuation investors and subsidizing asset holdings of low-valuation investors. When cali-
brating our model to the US municipal bond market, we find that introducing this inter-
vention increases intermediaries’ steady-state bid-ask spread from 1.67% to 2%, increases
steady state asset supply by 3.1%, and leads to a 4% welfare gain in steady-state. In re-
sponse to a temporary negative aggregate demand shock, the planner reallocates assets
largely through low-valuation (intermediary) investors by decreasing their incentive to in-
termediate during the downturn and increasing their incentive to intermediate during the
recovery. As a result, welfare and the asset level recover considerably faster than in the
economy without intervention.

While we chose to illustrate the inefficiency result in a simple environment with two
types, discrete asset holdings, and no competitive dealers, we conjecture that these results
are quite general. To illustrate this, in Supplementary Appendix C we show the inefficiency
holds in an environment with a continuum of investor types as in Hugonnier et al. (2014)
or when an investor’s bargaining power can vary depending on their trading partner. The
key ingredient needed is having a two-sided investment decision (which introducing asset
issuance implies) with ex-post bargaining.
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A Appendix—Proofs

A.1 Proof of Lemma 1

The difference ∆h − ∆l implies by the reservation-value equations (7) and (8) is

(r + µ + 2ρ)(∆h − ∆l) = (∆̇h − ∆̇l) + (νh − νl)

− λp

[∫ ∆h

¯
c

(∆h − c)g(c)dc−
∫ ∆l

¯
c

(∆l − c)g(c)dc
]

− λs

[
φlθ + (1− φh)(1− θ)

]
(∆h − ∆l).

We prove the lemma by a contradiction argument. Suppose, by the way of contradiction,
that ∆h(t)−∆l(t) ≤ 0 for some time period t. Then the left hand side of the above equation
is smaller or equal to zero. However, in the right hand side, all the terms but ∆̇h − ∆̇l are
non-negative, and at least νh − νl is strictly positive. Therefore, ∆̇h − ∆̇l ≤ −(νh − νl) < 0
is strictly negative in time t, ∆h − ∆l stays negative, and ∆̇h − ∆̇l ≤ −(νh − νl) < 0 for all
t′ ≥ t. But this implies an explosive path for either ∆h or ∆l, which contradicts that both
functions are bounded. Hence, ∆h(t)− ∆l(t) > 0 for all time periods t.

Further, if we suppose that ∆l > ∆h, and derive the reservation value of low and high
type investors associated with the trade pattern implied by ∆l > ∆h, the reservation value
equations would be

(r + µ)∆l = ∆̇l + νl + ρ(∆h − ∆l)− λp

∫ ∆l

¯
c

(∆l − c)g(c)dc− λsφhθ(∆l − ∆h) (24)

(r + µ)∆h = ∆̇h + νh − ρ(∆h − ∆l)− λp

∫ ∆h

¯
c

(∆h − c)g(c)dc + λs(1− φl)(1− θ)(∆l − ∆h)

(25)

Which implies that

(r + µ + 2ρ)(∆h − ∆l) = (∆̇h − ∆̇l) + (νh − νl)

− λp

[∫ ∆h

¯
c

(∆h − c)g(c)dc−
∫ ∆l

¯
c

(∆l − c)g(c)dc
]

− λs

[
(1− φl)(1− θ) + φhθ

]
(∆h − ∆l)

This equation is analogous to the one we had before, and, in the same way, implies ∆h > ∆l,
a contradiction of our assumption that ∆l < ∆h. �
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A.2 Proof of Proposition 1

The general equilibrium effects of changing θ complicate the proof. We deal with it by first
arguing that, in the sellers economy, the reservation value of high-type investors is inde-
pendent of the other equilibrium objects, and in the buyers economy, the reservation value
of low-type investors is independent of the other equilibrium objects. That is, in these two-
limit cases we eliminate one of the four equilibrium equations, which reduces the general
equilibrium effects we need to account for. Then we use the remaining three equations to
sign the effects of moving θ between θA, θB, and θC in the equilibrium outcomes.

The equilibrium equations in steady state are

0 = (r + µ)∆l + λp

∫ ∆l

¯
c

(∆l − c)g(c)dc− λs(1− φh)(1− θ)(∆h − ∆l)− νl (26)

0 = λp(1− φl)G(∆l)− µφl − λsφl(1− φh) (27)

0 = (r + µ)∆h + λp

∫ ∆h

¯
c

(∆h − c)g(c)dc + λsφlθ(∆h − ∆l)− νh (28)

0 = λp(1− φh)G(∆h)− µφh + λsφl(1− φh) (29)

Proof of the buyer’s economy vs the interior economy

∆C
l = νl

µ+r : The equilibrium equation (26) implies

(µ + r)∆C
l + λp

∫ ∆C
l

¯
c

(∆C
l − c)g(c)dc = νl.

This implies that low-types’ reservation value in the buyer’s economy is ∆C
l = νl

µ+r . The

term (µ + r)∆l + λp
∫ ∆l

¯
c (∆l − c)g(c)dc is strictly increasing as a function of ∆l, and it is

exactly νl when ∆C
l = νl

µ+r because νl
µ+r =

¯
c so λp

∫ ∆C
l

¯
c (∆C

l − c)g(c)dc equals zero. Therefore
the only solution for the equality is ∆C

l = νl
µ+r .

∆B
l > ∆C

l : Because of depreciation (µ > 0), there is no steady state where φh = 1, so
1− φB

h is strictly positive. From lemma 1 we must have ∆B
h −∆B

l strictly positive. Therefore,
λs(1− φB

h )(1− θB)(∆B
h − ∆B

l ) > 0, and we can conclude that

(µ + r)∆C
l + λp

∫ ∆C
l

¯
c

(∆C
l − c)g(c)dc < (r + µ)∆B

l + λp

∫ ∆B
l

¯
c

(∆B
l − c)g(c)dc
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from the equilibrium equation 26. Since the term (µ+ r)∆l + λp
∫ ∆l

¯
c (∆l − c)g(c)dc is strictly

increasing as a function of ∆l, the above inequality implies that ∆B
l > ∆C

l .

φC
l = 0 : From the equilibrium equation 27 we have

0 = λp(1− φC
l )G(∆C

l )− µφC
l − λsφ

C
l (1− φC

h ) = −φC
l [µ + λs(1− φC

h )].

There is no issuance of assets to dealers since G(∆C
l ) = G

(
νl/(µ+r)

)
= G(

¯
c) = 0, and

µ + λs(1− φC
h ) > 0 since φC

h is smaller than one due to depreciation. Therefore, φC
l is zero.

φB
l > φC

l : From the equilibrium equation 27 we have

0 = λp(1− φB
l )G(∆B

l )− µφB
l − λsφ

B
l (1− φB

h ) =⇒ φB
l =

λpG(∆B
l )

λpG(∆B
l ) + µ + λs(1− φB

h )
.

We know that G(∆B
l ) > 0 since ∆B

l > ∆C
l =

¯
c. Therefore, φB

l > 0 = φC
l .

∆C
h > ∆B

h : We showed that φB
l > 0, lemma 1 says that ∆B

h − ∆B
l > 0 and, therefore,

λsφ
B
l θB(∆B

h − ∆B
l ) > 0. We showed that φC

l = 0 so λsφ
C
l θC(∆C

h − ∆C
l ) = 0. The equilibrium

equation 28, λsφ
B
l θB(∆B

h − ∆B
l ) > 0 and λsφ

C
l θC(∆C

h − ∆C
l ) = 0 imply

(r + µ)∆B
h + λp

∫ ∆B
h

¯
c

(∆B
h − c)g(c)dc < (r + µ)∆C

h + λp

∫ ∆C
h

¯
c

(∆C
h − c)g(c)dc.

Since the term (r + µ)∆h + λp
∫ ∆h

¯
c (∆h − c)g(c)dc is strictly increasing as a function of ∆h,

the above inequality implies that ∆B
h < ∆C

h .

φB
h > φC

h : Define the function F(φl, φh, ∆h; ∆l) as

F(φl, φh, ∆h; ∆l) =

 λp(1− φl)G(∆l)− µφl − λsφl(1− φh)

λp(1− φh)G(∆h)− µφh + λsφl(1− φh)

(r + µ)∆h + λp
∫ ∆h

¯
c (∆h − c)g(c)dc + λsφlθ

B(∆h − ∆l)− νh

 . (30)

Note that F(φB
l , φB

h , ∆B
h ; ∆B

l ) = 0 and F(φC
l , φC

h , ∆C
h ; ∆C

l ) = 0, where 0 is the zero column
vector in R3. The first equality comes from the equilibrium definition, while the second
comes from the equilibrium definition and φC

l = 0. The equality F(φl, φh, ∆h; ∆l) = 0
implicitly defines φh as functions of ∆l, and we can use the implicit function theorem to
compute ∂φh/∂∆l. Since ∆B

l > ∆C
l , if ∂φh/∂∆l is positive we can conclude that φB

h > φC
h .
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To apply the implicit function theorem let us compute D = det(∂F/∂(φl ,φh,∆h)). We have

∂F
∂(φl , φh, ∆h)

=

 −[λpG(∆l) + µ + λs(1− φh)] λsφl 0
λs(1− φh) −[λpG(∆h) + µ + λsφl ] λp(1− φh)g(∆h)

λsθB(∆h − ∆l) 0 r + µ + λpG(∆h) + λsφlθ
B

 ,

and D = det
(

∂F/∂(φl ,φh,∆h)
)

is

D = [λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ + λsφl ]× [r + µ + λpG(∆h) + λsφlθ
B]

+ λsφl × λp(1− φh)g(∆h)× λsθB(∆h − ∆l)− λsφl × λs(1− φh)× [r + µ + λpG(∆h) + λsφlθ
B]

= [r + µ + λpG(∆h) + λsφlθ
B]
{
[λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ + λsφl ]

− λsφlλs(1− φh)
}
+ λsφl × λp(1− φh)g(∆h)× λsθB(∆h − ∆l)

= [r + µ + λpG(∆h) + λsφlθ
B]
{
[λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ] + [λpG(∆l) + µ]λsφl

+((((
(((λs(1− φh)λsφl −(((((

((
λsφlλs(1− φh)

}
+ λsφl × λp(1− φh)g(∆h)× λsθB(∆h − ∆l)

= [(r + µ) + λpG(∆h) + λsφlθ
B]
{
[λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ]

+ [λpG(∆l) + µ]λsφl

}
+ λsφl × λp(1− φh)g(∆h)× λsθB(∆h − ∆l) ≥ (µ + r)µ2 > 0.

Since D ≥ (µ + r)µ2 > 0 is bounded away from zero, we can apply the implicit function
theorem all the way from ∆C

l to ∆B
l . The implicit function theorem implies that

∂F
∂(φl, φh, ∆h)︸ ︷︷ ︸

matrix A

 ∂φl/∂∆l

∂φh/∂∆l

∂∆h/∂∆l

 = − ∂F
∂∆l

=

 −λp(1− φl)g(∆l)

0
λsφlθ

B


︸ ︷︷ ︸

vector b

.

We can easily :| solve this system using Cramer’s rule. We already computed D = det(A).
Let us compute Dφh , which is the determinant of the matrix A after replacing the second
column of A with the vector b.

Dφh = − λp(1− φl)g(∆l)× λp(1− φh)g(∆h)× λsθ
B(∆h − ∆l)

+ λp(1− φl)g(∆l)× λs(1− φh)× [r + µ + λpG(∆h) + λsφlθ
B]

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λsφlθ
B

= − λp(1− φl)g(∆l)× λp(1− φh)g(∆h)× λsθ
B(−∆l)

+ λp(1− φl)g(∆l)× λs(1− φh)× [r + µ + λpG(∆h)− λpθBg(∆h)∆h + λsφlθ
B]

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λsφlθ
B

= λp(1− φl)g(∆l)× λp(1− φh)g(∆h)× λsθ
B∆l
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+ λp(1− φl)g(∆l)× λs(1− φh)× [r + µ + λp(1− θB)G(∆h) + λsφlθ
B]

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λsφlθ
B > 0

From Cramer’s rule ∂φh/∂∆l = Dφh/D > 0 and, therefore, φB
h > φC

h .

Proof of the seller’s economy vs the interior economy

∆A
h > ∆B

h : We showed that φB
l is strictly positive, and lemma 1 states that ∆B

h − ∆B
l is

strictly positive. These results imply that λsφ
B
l θB(∆B

h − ∆B
l ) is strictly positive. The term

λsφ
A
l θA(∆A

h − ∆A
l ) is zero because θA is zero. From the inequality λsφ

B
l θB(∆B

h − ∆B
l ) > 0,

the equality λsφ
A
l θA(∆A

h − ∆A
l ) = 0, and the equilibrium equation 28, we conclude that

(r + µ)∆B
h + λp

∫ ∆B
h

¯
c

(∆B
h − c)g(c)dc < (r + µ)∆A

h + λp

∫ ∆A
h

¯
c

(∆A
h − c)g(c)dc.

The term (r + µ)∆h + λp
∫ ∆h

¯
c (∆h − c)g(c)dc is strictly increasing as a function of ∆h. As a

result, the above inequality implies that ∆B
h < ∆A

h .

φA
l > φB

l , φA
h > φB

h , and ∆A
l > ∆B

l : With abuse of notation, let us now define the
function F(φl, φh, ∆l; θ, ∆h) as

F(φl , φh, ∆l ; θ, ∆h) =


λp(1− φl)G(∆l)− µφl − λsφl(1− φh)

λp(1− φh)G(∆h)− µφh + λsφl(1− φh)

(r + µ)∆l + λp
∫ ∆l

¯
c (∆l − c)g(c)dc− λs(1− φh)(1− θ)(∆h − ∆l)− νl

 . (31)

It is easy to check that F(φA
l , φA

h , ∆A
l ; θA, ∆A

h ) = 0 and F(φB
l , φB

h , ∆B
l ; θB, ∆B

h ) = 0; the two
equalities come from the equilibrium definition.

The equality F(φl, φh, ∆l; θ, ∆h) = 0 implicitly defines φl, φh, and ∆l as functions of θ

and ∆h. So we can use the implicit function theorem to compute ∂φl/∂∆h, ∂φh/∂∆h, ∂∆l/∂∆h,
∂φl/∂θ, ∂φh/∂θ and ∂∆l/∂θ. We know that ∆A

l > ∆B
l and θA < θB. Therefore, if ∂φl/∂∆h, ∂φh/∂∆h,

and ∂∆l/∂∆h are positive, and ∂φl/∂θ, ∂φh/∂θ, and ∂∆l/∂θ are negative, we can conclude that
φA

l > φB
l , φA

h > φB
h , and ∆A

l > ∆B
l .

To apply the implicit function theorem let us compute D = det(∂F/∂(φl ,φh,∆l)). We have

∂F
∂(φl , φh, ∆l)

=

 −[λpG(∆l) + µ + λs(1− φh)] λsφl λp(1− φl)g(∆l)

λs(1− φh) −[λpG(∆h) + µ + λsφl ] 0
0 λs(1− θ)(∆h − ∆l) r + µ + λpG(∆l) + λs(1− φh)(1− θ)

 ,
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and D = det
(

∂F/∂(φl ,φh,∆l)
)

is

D = [λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ + λsφl ]× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+ λp(1− φl)g(∆l)× λs(1− φh)× λs(1− θ)(∆h − ∆l)

− λsφl × λs(1− φh)× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

= [λpG(∆l) + µ]× [λpG(∆h) + µ + λsφl ]× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+ λp(1− φl)g(∆l)× λs(1− φh)× λs(1− θ)(∆h − ∆l)

−(((((
(((λsφl × λs(1− φh)× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+((((
((((λs(1− φh)× λsφl × [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+ λs(1− φh)× [λpG(∆h) + µ]× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

= [λpG(∆l) + µ]× [λpG(∆h) + µ + λsφl ]× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+ λp(1− φl)g(∆l)× λs(1− φh)× λs(1− θ)(∆h − ∆l)

+ λs(1− φh)× [λpG(∆h) + µ]× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)] ≥ µ2(r + µ) > 0

Since D ≥ (µ + r)µ2 > 0 is bounded away from zero we can apply the implicit function
theorem all the way from ∆A

h to ∆B
h and θA to θB.

The implicit function theorem implies that

∂F
∂(φl, φh, ∆l)︸ ︷︷ ︸

matrix A

 ∂φl/∂∆h

∂φh/∂∆h

∂∆l/∂∆h

 = − ∂F
∂∆h

=

 0
−λp(1− φh)g(∆h)

λs(1− φh)(1− θ)


︸ ︷︷ ︸

vector bh

.

and

∂F
∂(φl, φh, ∆l)︸ ︷︷ ︸

matrix A

 ∂φl/∂θ

∂φh/∂θ

∂∆l/∂θ

 = − ∂F
∂θ

=

 0
0

−λs(1− φh)(∆h − ∆l)


︸ ︷︷ ︸

vector bθ

.

We can solve the systems using Cramer’s rule.
• Label D∆h

φl
the determinant of A after replacing the first column of A with bh.

D∆h
φl

= − λp(1− φl)g(∆l)× λp(1− φh)g(∆h)× λs(1− θ)(∆h − ∆l)

+ λp(1− φl)g(∆l)× [λpG(∆h) + µ + λsφl]× λs(1− φh)(1− θ) > 0

From Cramer’s rule ∂φl/∂∆h = D
∆h
φl /D > 0. Label Dθ

φl
the determinant of A after replacing
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the first column of A with bθ.

Dθ
φl
= − λp(1− φl)g(∆l)× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l) < 0

From Cramer’s rule ∂φl/∂θ = Dθ
φl/D < 0. Since ∂φl/∂∆h is positive and ∂φl/∂θ is negative, we

can conclude that φA
l > φB

l .
• Label D∆h

φh
the determinant of A after replacing the second column of A with bh.

D∆h
φh

= [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× [r + µ + λpG(∆l) + λs(1− φh)(1− θ)]

+ λp(1− φl)g(∆l)× λs(1− φh)× λs(1− φh)(1− θ) > 0

From Cramer’s rule ∂φh/∂∆h = D
∆h
φh/D > 0. Label Dθ

φh
the determinant of A after replacing

the second column of A with bθ.

Dθ
φl
= − λp(1− φl)g(∆l)× λs(1− φh)× λs(1− φh)(∆h − ∆l) < 0

From Cramer’s rule ∂φh/∂θ = Dθ
φl/D < 0. Since ∂φh/∂∆h is positive and ∂φh/∂θ is negative, we

can conclude that φA
h > φB

h .
• Label D∆h

∆l
the determinant of A after replacing the third column of A with bh.

D∆h
∆l

= [λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ + λsφl]× λs(1− φh)(1− θ)

− λsφl × λs(1− φh)× λs(1− φh)(1− θ)

− [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)(∆h − ∆l)

= [λpG(∆l) + µ + λs(1− φh)]× [µ + λsφl]× λs(1− φh)(1− θ)

− λsφl × λs(1− φh)× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ + λs(1− φh)]× λpG(∆h)× λs(1− φh)(1− θ)

− [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)× λs(1− θ)g(∆h)∆h

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)∆l

= [λpG(∆l) + µ + λs(1− φh)]× [µ + λsφl]× λs(1− φh)(1− θ)

− λsφl × λs(1− φh)× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ + λs(1− φh)]×
((((

(((
((((

(((
((

λpλs(1− θ)(1− φh)× G(∆h)

− [λpG(∆l) + µ + λs(1− φh)]×
((((

(((
((((

(((
((

λpλs(1− θ)(1− φh)× G(∆h)

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)∆l

= [λpG(∆l) + µ + λs(1− φh)]× [µ + λsφl]× λs(1− φh)(1− θ)
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− λsφl × λs(1− φh)× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)∆l

= [λpG(∆l) + µ + λs(1− φh)]× µ× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ]× λsφl × λs(1− φh)(1− θ)

+ λsφl ×����
��λs(1− φh)× λs(1− φh)(1− θ)

− λsφl ×����
��λs(1− φh)× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)∆l

= [λpG(∆l) + µ + λs(1− φh)]× µ× λs(1− φh)(1− θ)

+ [λpG(∆l) + µ]× λsφl × λs(1− φh)(1− θ)

+ [λpG(∆l) + µ + λs(1− φh)]× λp(1− φh)g(∆h)× λs(1− θ)∆l > 0

From Cramer’s rule ∂∆l/∂∆h = D
∆h
∆l /D > 0. Label Dθ

∆l
the determinant of the matrix A after

replacing the third column of A with the vector bθ.

Dθ
∆l

= − [λpG(∆l) + µ + λs(1− φh)]× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l)

+ λsφl × λs(1− φh)× λs(1− φh)(∆h − ∆l)

= − [λpG(∆l) + µ]× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l)

− λs(1− φh)× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l)

+ λsφl × λs(1− φh)× λs(1− φh)(∆h − ∆l)

= − [λpG(∆l) + µ]× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l)

− λs(1− φh)× [λpG(∆h) + µ]× λs(1− φh)(∆h − ∆l)

− λs(1− φh)× λsφl ×((((((
(((

((
λs(1− φh)(∆h − ∆l)

+ λsφl × λs(1− φh)×((((((
(((

((
λs(1− φh)(∆h − ∆l)

= − [λpG(∆l) + µ]× [λpG(∆h) + µ + λsφl]× λs(1− φh)(∆h − ∆l)

− λs(1− φh)× [λpG(∆h) + µ]× λs(1− φh)(∆h − ∆l) < 0

From Cramer’s rule ∂∆l/∂θ = Dθ
∆l/D < 0. Since ∂∆l/∂∆h is positive and ∂∆l/∂θ is negative, we

can conclude that ∆A
l > ∆B

l .
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A.3 Proof of Lemma 2

The Hamiltonian of the planner’s problem is

H = φlνl + φhνh − λp

[
(πl − φl)

∫ cl

0
cg(c)dc + (πh − φh)

∫ ch

0
cg(c)dc

]
+ γl

{
λpG(cl)(πl − φl) + λsφh phl(πl − φl)− µφl − λs(πh − φh)plhφl

}
+ γh

{
λpG(ch)(πh − φh) + λsφl plh(πh − φh)− µφh − λs(πl − φl)phlφh

}
,

where γl and γh are the co-state variables associated with the constraints on the law of
motion of the distribution of investors (1) and (2). First, consider the first-order conditions
with respect to cl and ch;

0 =
∂H
∂cl

= − λp(πl − φl)g(cl)cl + λp(πl − φl)g(cl)γl and

0 =
∂H
∂ch

= − λp(πh − φh)g(ch)ch + λp(πh − φh)g(ch)γh.

It is immediate from these conditions that γl = cl and γh = ch. The planner equalizes the
marginal cost of issuing assets to either low or high types to the shadow prices or marginal
social gains associated with the Lagrange multipliers of the feasibility constraints (1)-(2).
The terms coinciding with the mass of agents affected cancel out in both the gain and cost.
Now, consider the first-order conditions with respect to φl and φh;

rγl = γ̇l +
∂H
∂φl

= γ̇l + νl − µγl

− λp

∫ γl

0
(γl − c)g(c)dc + (γh − γl)λs [φh phl + (πh − φh)plh] ,

rγh = γ̇h +
∂H
∂φh

= γ̇h + νh − µγh

− λp

∫ γh

0
(γh − c)g(c)dc− (γh − γl)λs [φl plh + (πl − φl)phl] ,

where we have used the fact that ci = γi for i ∈ {l, h}. The above two equations imply that
γl < γh. To see that this is the case, note that we can write the difference γh − γl as

r(γh − γl) = (γ̇h − γ̇l) + νh − νl − µ(γh − γl)

− λp

[∫ γh

0
(γh − c)g(c)dc−

∫ γl

0
(γl − c)g(c)dc

]
− (γh − γl)λs [(πl − φl)phl + φl plh]− (γh − γl)λs [φh phl + (πh − φh)plh] .
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Suppose to the contrary that γl ≥ γh. Then the left hand side of the above equation would
be smaller or equal to zero. However, in order to have the right hand side smaller or equal
to zero, γ̇h − γ̇l would have to be strictly negative. Since γh ≥ 0, this would imply that γl

needs to converge to infinity at a rate higher than r, which would imply an explosive path
for γl (that is, lim e−rtγl = ∞), a violation of the transversality condition. Hence, γl < γh.
Finally, consider the first-order conditions with respect to the trade probabilities, phl and
plh;

∂H
∂plh

= − γlλsφl(πh − φh) + γhλsφl(πh − φh) ≥ 0

∂H
∂phl

= γlλs(πl − φl)φh − γhλs(πl − φl)φh ≤ 0.

with complementary slackness with multipliers of constraints that pij ∈ [0, 1] for i, j = l, h.
Notice, since γh > γl, that the inequalities must hold with a strict inequality implying that
plh = 1 and phl = 0. In words, it is never optimal for the planner to reallocate assets from
high-type investors to low-type investors since the shadow value of high types is always
strictly larger than that of low types.

A.4 Proof of Proposition 2

To see this is the case, let an asset allocation {φ, c, p} combined with reservation values ∆l

and ∆h be a decentralized equilibrium and assume, by way of contradiction, that this asset
allocation solves the planner’s problem. By Proposition 2, there exist co-state variables γl

and γh such that γl, γh, φl, and φh solve the system of differential equations (14)-(17). By
Definition 1, ∆l, ∆h, φl, and φh solve the system of differential equations (9)-(12). Equations
(15) and (10) imply that

φ̇l = λp(πl − φl)G(γl)− µφl − λsφl(πh − φh) (32)

= λp(πl − φl)G(∆l)− µφl − λsφl(πh − φh), (33)

or γl = ∆l. Analogously, equations (17) and (12) imply that

φ̇h = λp(πh − φh)G(γh)− µφh + λsφl(πh − φh) (34)

= λp(πh − φh)G(∆h)− µφh + λsφl(πh − φh), (35)
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or γh = ∆h. The above two results, together with (14)-(16) and (9)-(11), imply that

rγl = γ̇l + νl − µγl − λp

∫ ∆l

0
(∆l − c)g(c)dc + λs(πh − φh)(γh − γl)

= γ̇l + νl − µγl − λpθa

∫ ∆l

0
(∆l − c)g(c)dc + λs(πh − φh)(1− θ)(γh − γl), and

rγh = γ̇h + νh − µγh − λp

∫ ∆h

0
(∆h − c)g(c)dc− λsφl(γh − γl)

= γ̇h + νh − µγh − λpθa

∫ ∆h

0
(∆h − c)g(c)dc− λsφlθ(γh − γl).

If our candidate asset allocation coincides with a decentralized equilibrium, then we must
be able to find constants θa and θ that solve (32)-(34). We can write the system as

λp

∫ ∆l

0
(∆l − c)g(c)dcθa + λs(πh − φh)(γh − γl)θ = λp

∫ ∆l

0
(∆l − c)g(c)dc and

λpθa

∫ ∆h

0
(∆h − c)g(c)dcθa + λsφl(γh − γl)θ = λp

∫ ∆h

0
(∆h − c)g(c)dc + λsφl(γh − γl).

Additionally, since θa and θ are bargaining powers, we must have that θa, θ ∈ [0, 1]. More-
over, it is easy to show that a solution of the differential equations discussed above cannot
have either γl = 0, γh = 0, φh = πh, or φl = 0 for all but a measure zero of period t’s.
Therefore, λp

∫ ∆h
0 (∆h − c)g(c)dc and λsφl(γh − γl) most both be strictly positive and the

only θa, θ ∈ [0, 1] that satisfy the second equation in the above system are θa = θ = 1. But
note that θa = θ = 1 does not solve the first equation in this system. Which contradicts that
the asset allocation solves the planner’s problem.

A.5 Proof of Proposition 3

The proof of proposition 3 is analogous to the proof of proposition 1, and we omit it here.

A.6 Proof of Proposition 4

We know by Lemma 2 that {φ∗l , φ∗h , γl, γh} solves the differential equations (14)-(17). Then,
after replacing τ, we can see that {φ∗l , φ∗h , γl, γh} also solves the decentralized equilibrium
with intervention equations (19)-(22). And τ is feasible because 2τ̄ = φlτl − φhτh.
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B Appendix - Municipal Bond Market Data

This section describes the moments we use in Section 6. We target five moments from
the US municipal bond market: average maturity, average yield, the relative size of the
secondary market to the primary market, the average bid-ask spread, and the average time
between buying an asset in the primary market and selling in the secondary market.

The first three moments are computed using data available from the Municipal Secu-
rities Rulemaking Board (MSRB). The MSRB requires securities dealers, issuers, and those
acting on their behalf to submit information on municipal bond trades and disclosure doc-
uments for all transactions of municipal bonds within 15 minutes of the time of trade.
The data are publicly available through the MSRB’s Electronic Municipal Market Access
(EMMA) portal, however we obtain historical data through Wharton Research Data Ser-
vices. Our dataset includes transaction-level information for all trades of municipal bonds
involving a securities dealer in which the municipal bond was assigned a unique CUSIP
identification number. This nearly covers the universe of municipal bond trades. Our
sample includes transactions from January 3, 2005, through December 31, 2014. We drop
transactions that are missing a par value or price. We also drop all variable rate securi-
ties since we do not see any information about the current interest rate at the time of the
transaction. In our data, 70% of all transactions are fixed rate or discount bonds (0-coupon
bonds). We also drop transactions whose par value is less than $1,000. In this sample selec-
tion, we are left with 86.4 million observations on 1.89 million unique bond issues where
we identify a bond issue by its unique CUSIP identifier.12

The average maturity of the bond is directly given in the data. Following Green et al.
(2007), we identify transactions occurring in the first 90 days after the dated date as primary
market trades. Doing so implies that 62% of all trades by volume occur in the primary
market and 38% occur in the secondary market. Finally, we calculate the average yield
using the following method. Seventy percent of transactions in the data report the yield-
to-worst, defined as the lowest of the yield calculated to the call option, par option, or
maturity. The relevant yield in terms of our model is the yield-to-expected-redemption,
or a weighted average of the yield-to-call, yield-to-par, and yield-to-maturity, weighting
by the respective probabilities of each event occurring. Since we do not observe this yield
in the data, our procedure for calculating the yield is as follows. If the yield-to-worst is
reported, we take that to be the yield generated in the model. When no yield is reported,
we calculate a yield-to-maturity. For discount bonds, the yield-to-maturity, i, is given by

12New issuance of municipal debt is typically done through a series of bonds with differing maturity dates
and coupon rates. Each bond within the series is given a unique CUSIP identification number, which serves
as our definition of an issue.
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the formula price = par/(1 + i)T, where T is the time until maturity. For other fixed-rate
bonds, we use the console formula i = c/(price?c), where c is the coupon rate.

The last two moments are taken directly from Green et al. (2007). Using a similar
MSRB dataset (although from May 2000 to January 2004) they estimate the average time
municipal securities dealers hold inventories (time to sell) and the respective markup. Since
the identity of dealers are not available in the MSRB data, they use several procedures to
link buy and sell transactions. We use moments from their “full sample" that is the most
inclusive.13 The average gross markup of 1.69% is reported in Table 4, and the time it takes
a dealer to intermediate an asset is approximately five days (see Table 5).

C Supplementary Appendix - not for publication

C.1 A model with a continuum of investor types

In this section we augment the economy to allow for a continuum of investor types, as
studied in Hugonnier et al. (2014). Unlike the simple model with two types of investors,
here all investors buy and sell assets in the secondary market, thus all of them acting as
intermediaries. Because investors are in both sides of the market, all of them fail to inter-
nalize the full gains from trade when buying and selling, adding a new layer of inefficiency
with respect to the simple model with two types where each type of investor failed to in-
ternalize the full gains from trade of either selling or buying assets. Still, we show that the
decentralized equilibrium is always inefficient, provided that the gains from a particular
trade meeting in the secondary market have to be fully split by the meeting participants.
We also study an extension of the model where we allow the bargaining power to be fully
dependent on the identities of trade participants in a given meeting, and we show that the
decentralized equilibrium remains inefficient.

We call an investor not holding an asset a non-owner investor (subscript n in the equa-
tions below), and we call an investor holding an asset an owner investor (subscript o in
the equations below). There is a measure two of investors, and let F(ν) denote the cu-
mulative distribution of investor types, with support [

¯
ν, ν̄]. Likewise, we use Φ(ν) to

denote the cumulative distribution of owner investors, with Φ(ν) ≤ F(ν) for all ν, with
φ(ν) ≡ ∂Φ(ν)/∂ν. Further, let pa(c, νn) denote the probability that an issuer with issuance
cost c trades with a non owner investor of type νn at the primary market, and let pb(νo, νn)

denote the probability that an owner investor of type νo trades with a non owner investor
of type νn at the secondary market.

13For more information about their identification strategy, please see Green et al. (2007).
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The evolution of the distribution Φ(ν) is given by

Φ̇(ν) = − µΦ(ν)− λs

∫ ν

¯
ν

∫ ν̄

ν
pb(νo, νn)[ f (νn)− φ(νn)]φ(νo)dνodνn

+ λs

∫ ν̄

ν

∫ ν

¯
ν

pb(νo, νn)[ f (νn)− φ(νn)]φ(νo)dνodνn

+ λp

∫ c̄

¯
c

pa(c, νn)[ f (νn)− φ(νn)]g(c)dcdνn .

The equation states that the fraction of owner investors of type less or equal to ν holding
assets suffers an outflow in two ways. First, assets can mature. Second, owner investors
with type νo ≤ ν can sell it to a non owner investor satisfying νn > ν. Likewise, the fraction
of owner investors of type less or equal to ν holding assets gets an inflow also in two ways.
First, a non owner investor of type νn ≤ ν can buy the asset in the primary market from
an issuer. Second, a non owner investor of type νn ≤ ν buys the asset from an owner
investor of type νo > ν. Notice that this last case will not be a feature of the decentralized
equilibrium nor of the efficient allocation. It proves useful to provide the evolution of the
density function φ(ν),

φ̇(ν) = − µφ(ν)− λs

∫ ν̄

ν
[ f (νn)− φ(νn)]φ(ν)dνn + λs

∫ ν

¯
ν

pb(νo, ν)[ f (ν)− φ(ν)]φ(νo)dνo

− λs

∫ ν

¯
ν

pb(ν, νn)[ f (νn)− φ(νn)]φ(ν)dνn + λs

∫ ν̄

ν
pb(νo, ν)[ f (ν)− φ(ν)]φ(νo)dνo

+ λp

∫ c̄

¯
c

pa(c, ν)[ f (ν)− φ(ν)]g(c)dc . (36)

We now solve for the decentralized equilibrium. We solve for the decentralized equilib-
rium under the following two assumptions: (i) pa(c, νn) = 1 if c ≤ ∆(νn) and pa(c, νn) = 0
otherwise, (ii) pb(νo, νn) = 1 if νo ≤ νn and pb(νo, νn) = 0 otherwise. Later we verify
that these two assumptions are satisfied in the decentralized equilibrium. Under these
assumptions, the equilibrium exhibits a simple pattern of trade in the both primary and
secondary markets. In the primary market, issuers issue whenever they find a non owner
investor with reservation value ∆(νn) above their cost of issuance c. In the secondary mar-
ket, owner investors of of type νn sell to any non owner investor they encounter in the
secondary market, as long as νo > νn. These trade patterns are the analogous ones to those
obtained in the simple model with only two types of investors. Using this observation, the
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value functions for a non owner and owner investor of type ν are given by

rVn(ν) = V̇n(ν) + λp

∫ ∆(ν)

¯
c

[∆(ν)− c]g(c)dc + λsθ
∫ ν

¯
ν
[∆(ν)− ∆(νo)]φ(νo)dνo ,

rVo(ν) = V̇o(ν) + ν− µ∆(ν) + λs(1− θ)
∫ ν̄

ν
[∆(νn)− ∆(ν)]{ f (νn)− φ(νn)}dνn ,

where ∆(ν) ≡ Vo(ν) − Vn(ν). Using these expressions we can derive an expression for
∆(ν),

(r + µ)∆(ν) = ∆̇(ν) + ν− λp

∫ ∆(ν)

¯
c

[∆(ν)− c]g(c)dc

+ λs(1− θ)
∫ ν̄

ν
[∆(νn)− ∆(ν)]{ f (νn)− φ(νn)}dνn

− λsθ
∫ ν

¯
ν
[∆(ν)− ∆(νo)]φ(νo)dνo . (37)

It is easy to show that ∆(ν) is increasing in ν, which validates the assumption made above
regarding the trade patterns in the economy.14 The expression for the reservation value
is analogous to that one obtained for the model with two investor types, as presented in
equations (9) and (11). The only difference is that while in the simple model low-valuation
investors where sellers in the secondary market and high-valuation investors where buyers
in the secondary market, in the model with continuum of types all investors are both buyers
and sellers in the secondary market. Thus, all of them serve a role as intermediators, while
that role was only assigned to the low-valuation investors in the model with two investor
types. We next define a decentralized equilibrium in the economy with a continuum of
investor types,

Definition 4. A decentralized equilibrium is a set of trading protocols pa(c, νn), pb(νo, νn) for all
c ∈ [

¯
c, c̄], νn ∈ [

¯
ν, ν̄] and νo ∈ [

¯
ν, ν̄], an asset allocation and bounded reservation values for

investors {φ(v), ∆(ν)} for all ν ∈ [
¯
ν, ν̄], that solve the system of differential equations given by

equations (36) and (37), with initial conditions φ(ν) = φ0(ν), for all ν ∈ [
¯
ν, ν̄]. The trading

protocols satisfy (i) pa(c, νn) = 1 if c ≤ ∆(νn) and pa(c, νn) = 0 otherwise, and (ii) pb(νo, νn) = 1
if νo ≤ νn and pb(νo, νn) = 0 otherwise.

We now solve for the efficient allocation. The efficient allocation solves the following
problem,

max
φ,pa,pb

∫ ∞

0
e−rt

{∫ ν̄

¯
ν

νφ(ν)dν− λp

∫ ν̄

¯
ν

∫ c̄

¯
c

pa(c, ν)c{ f (ν)− φ(ν)}g(c)dcdν

}
dt ,

14The proof is analogous to the proof of lemma 1, and thus it is not provided.
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subject to equation (36) for all ν ∈ [
¯
ν, ν̄] and

∫ ν̄

¯
ν φ(ν)dν = 1.

We solve for the efficient allocation by forming the Hamiltonian of the problem, H. We
use γ(ν) as the co-state variable for equation (36), and γ̄ as the multiplier of the second
restriction (i.e. the asset density must add up to one).

We begin by studying the optimal choices for the controls pa and pb. Differentiating the
Hamiltonian with respect to pa(c, ν) provides

∂H

∂pa(c, ν)
= λp[ f (ν)− φ(ν)]{γ(ν)− c}g(c)dcdν .

This expression is positive if γ(ν) ≥ c and negative otherwise. This provides that the
efficient allocation requires that an issuer issues whenever he encounters a non owner
investor with co-state variable γ(ν) above his cost c. That is, pa(c, ν) = 1 if γ(ν) ≥ c, and
pa(c, ν) = 0 if γ(ν) < c. Likewise, differentiating the Hamiltonian with respect to pb(ν0, νn)

provides

∂H

∂pb(νo, νn)
= λs[ f (νn)− φ(νn)]φ(νo){γ(νn)− γ(νo)}dνoνn ,

which is positive if γ(νn) ≥ γ(νo). This provides that the efficient allocation requires that an
owner-investor of type νo sells whenever he encounters a non owner investor with co-state
variable γ(νn) above his co-state variable γ(νn).

For the co-state variable γ(ν) we use that optimal control requires ∂H/∂γ(ν) = rγ(ν)−
γ̇(ν). After operating with this expression, we obtain the following expression,

(r + µ)γ(ν) =γ̇(ν) + ν− λp

∫ γ(ν)

¯
c

[γ(ν)− c]g(c)dc

+ λs

∫ ν̄

ν
[γ(νn)− γ(ν)]{ f (νn)− φ(νn)}dνn

− λs

∫ ν

¯
ν
[γ(ν)− γ(νo)]φ(νo)dνo . (38)

The next definition describes an efficient allocation.

Definition 5. An efficient allocation is a set of trading protocols pa(c, νn), pb(νo, νn) for all c ∈
[
¯
c, c̄], νn ∈ [

¯
ν, ν̄], and νo ∈ [

¯
ν, ν̄], an asset allocation and co-state variables for investors {φ(v), γ(ν)}

for all ν ∈ [
¯
ν, ν̄], that solve the system of differential equations given by equations (36) and (38), with

initial conditions φ(ν) = φ0(ν), for all ν ∈ [
¯
ν, ν̄]. The trading protocols satisfy (i) pa(c, νn) = 1

if c ≤ ∆(νn) and pa(c, νn) = 0 otherwise, and (ii) pb(νo, νn) = 1 if νo ≤ νn and pb(νo, νn) = 0
otherwise.
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Because in a model with a continuum of types all investors resale assets, the inefficiency
appears twice for each investor, rather than once as occurred in the model with two types.
In the simpler model, low-valuation investors fail to internalize the full gains from trade
when selling, while the high-valuation investors failed to internalize the full gains from
trade when buying. In the model with a continuum of types, each type of investor fails
to internalize both sources of gains from trade, as all of them buy and sell assets in the
secondary market.

Lemma 3. For any θ ∈ [0, 1], the solution to equations (36) and (37) does not solve equations (36)
and (38). That is, for any θ ∈ [0, 1], the decentralized equilibrium is inefficient.

Lemma 3 extends the inefficiency result obtained in the simple model to the model
with a continuum of types. As in the simple model, the nature of the lack of efficiency
stems from the failure of the decentralized equilibrium to internalize the full gains from
trade when investors are buying and selling assets in the secondary market. As we show
in the appendix, at a superficial level, there seems to be a choice of bargaining power that
allows investors of type ν to fully internalize the gains from trade. This choice of bargaining
power must be such that θ = θ(ν), so that different investor types have different bargaining
powers. However, when a seller of type ν and buyer of type ν̃ ≥ ν trade, their bargaining
powers must add up to one, so that the surplus generated by the trade ∆(ν̃)− ∆(ν) is fully
divided by the trade participants. This restriction guarantees that it is not possible to choose
a set of bargaining powers that depend on the investor type, so that the decentralized
equilibrium is not efficient.

C.2 Trading partners

A natural conjecture that follows from the previous finding is that if the bargaining power
were to be allowed to depend on the identity of both parties in a trade meeting, the decen-
tralized equilibrium would be efficient for the appropriate choice of bargaining weights.
With this in mind, in this section we augment the model to allow for the bargaining power
to depend on the identity of trade participants. In particular, at the secondary market, for
any seller of type νo and any buyer of type νn ≥ νo for all νo ∈ [

¯
ν, ν̄], let θ = θ(νo, ν) ∈ [0, 1]

denote the bargaining power of the buyer in a meeting between these two investors.
In terms of the decentralized equilibrium, the differential equation for the reservation

value presented in equation (37) is now given by

(r + µ)∆(ν) = ∆̇(ν) + ν− λp

∫ ∆(ν)

¯
c

[∆(ν)− c]g(c)dc
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+ λs

∫ ν̄

ν
{1− θ(ν, νn)}[∆(νn)− ∆(ν)]{ f (νn)− φ(νn)}dνn

− λs

∫ ν

¯
ν

θ(νo, ν)[∆(ν)− ∆(νo)]φ(νo)dνo . (39)

All the other equations for the decentralized equilibrium remain unchanged.
Efficiency of the decentralized equilibrium requires that {φ(ν), ∆(ν)} is also a solution

to the efficient allocation problem. As before, this reduces to checking whether there is a
way to choose θ(νo, νn) that makes equation (39) identical to (38). This reduces to

∫ ν̄

ν
{1− θ(ν, νn)}[∆(νn)− ∆(ν)]{ f (νn)− φ(νn)}dνn −

∫ ν

¯
ν

θ(νo, ν)[∆(ν)− ∆(νo)]φ(νo)dνo

=
∫ ν̄

ν
[∆(νn)− ∆(ν)]{ f (νn)− φ(νn)}dνn −

∫ ν

¯
ν
[∆(ν)− ∆(νo)]φ(νo)dνo .

This condition has to be satisfied for every ν ∈ [
¯
ν, ν̄]. In particular, it has to be satisfied for

ν =
¯
ν and ν = ν̄. For investors with the lowest valuation ν =

¯
ν, the condition reduces to

∫ ν̄

¯
ν

θ(
¯
ν, νn)[∆(νn)− ∆(

¯
ν)]{ f (νn)− φ(νn)}dνn = 0 .

Thus, θ(
¯
ν, νn) = 0 for all νn ∈ [

¯
ν, ν̄] as [∆(νn)− ∆(

¯
ν)]{ f (νn)− φ(νn)} > 0 for all νn ∈ [

¯
ν, ν̄].

That is, every trade in the secondary market that includes the lowest-valuation investor
must assign all the gains from trade to the seller. This occurs because for an investor of
type

¯
ν, trading in the secondary market only involves selling an asset, and thus the investor

fails to internalize the full gains from trade when selling, which can only be corrected by
giving investors of type

¯
ν the full bargaining power.

For investors with the highest valuation ν = ν̄, the previous condition is given by

∫ ν̄

¯
ν
{1− θ(νo, ν)}[∆(ν̄)− ∆(νo)]φ(νo)dνo = 0 .

Using the same logic as before, this condition is only satisfied if θ(νo, ν̄) = 1 for all νo ∈
[
¯
ν, ν̄], so that whenever a trade includes the highest-valuation investors as buyers, the full

gains from trade must go to the buyer. This is an immediate consequence of the fact that
these investors only buy in the secondary market and thus fail to internalize the full gains
from trade only when buying assets. This can only be corrected by giving investors of type
ν̄ the full bargaining power.

A natural implication of these two-limit cases is that the decentralized equilibrium with
trade-specific bargaining powers is also inefficient. Whenever an owner investor of type
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¯
ν meets a non owner investor of type ν̄, efficiency would require that we provide full
bargaining power to both buyer and seller, violating the restriction that investors can at
most share the surplus generated in the trade at hand.
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