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Abstract

When limited commitment precludes unsecured credit, to facilitate intertemporal
transactions, assets can help by serving either as collateral (as in Kiyotaki-Moore), or
as a direct payment instrument (as in Kiyotaki-Wright). We argue that these two roles
for assets are often, but sometimes not, equivalent. Then, focusing on the collateral
function, we develop a general framework where assets differ in their pledgability — the
extent to which they can be used to secure loans — and apply it to a variety of substantive
issues in macro and finance. Our setup nests standard growth and asset-pricing theories
as special cases. Since we can price currency, as well as neoclassical capital, equity, real
estate etc., we can analyze the effects of monetary policy on investment, real returns,
housing markets etc., capturing as special cases classic results by Fisher, Mundell, Tobin
et al. Moreover, monetary policy affects output and employment, and we can generate
a standard Phillips curve.

Liquidity differentials across assets, along both extensive and intensive margins,
also affect all of the above variables, which allows us to study the impact of financial
developments on aggregate activity. We consider general mechanisms for determining
the terms of trade in some markets, including axiomatic or strategic bargaining, as
well as competitive Walrasian pricing, so we can discuss markups and holdup problems.
Calibrated versions of the model are able to account reasonably well for the effects of
monetary policy and financial innovation on the economy. In particular, the model
allows for increases in inflation or nominal interest rates to realistically raise output,
employment, investment, housing (prices and quantities) and the value of the stock
market. This does not mean, however, that such policies are necessarily good for welfare.
By contrast, some financial innovations can hurt output, employment, investment and
stock values while increasing welfare.
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Collateral is, after all, only good if a creditor can get his hands on it. Niall
Ferguson, The Ascent of Money.

1 Introduction

Our goal is to develop a tractable theory of the role of assets in the exchange process. We
begin with the premise that credit is hindered by various imperfections, or frictions, includ-
ing limited commitment. Interacted with some notion of imperfect monitoring/memory,
limited commitment implies that assets have a role in facilitating intertemporal trade, as
formalized in modern monetary theory by, e.g., Kocherlakota (1998) and Wallace (2010).
In our view, obvious requirements for a theory that is meant to take this seriously are: (1) it
must be general equilibrium, in the sense of providing a complete and internally consistent
description of an economic environment; (2) agents in this environment should trade with
each other, not simply against their budget lines, as in classical competitive analysis. Only
when we have such a theory, where agents trade with each other, can we can reasonably
ask how they trade: Is exchange bilateral or multilateral? Do agents use barter, money,
or secured/unsecured credit? Do they take the terms of trade as given, or do they bar-
gain? It is from this vantage that we want to study asset pricing and the implications for
macroeconomic activity.

By way of example, suppose that you want either a consumption or a production good
from someone now, but you have neither consumption nor production goods that they want
at the moment, so you cannot simply barter. Perhaps you will have something at a later
date that they may want, maybe claims to commodities, or to general purchasing power,
or any other asset or source of income. Consider promising that if they give you what you
want now you will reciprocate by transferring something of value to them in the future.
But they worry that you may renege on this pledge — this is what the lack-of-commitment

friction means. We can then try to get you to honor your obligations using rewards and



punishments, such as allowing you to continue having access to credit in the future if you do
not default, and excluding you from future credit if you do. But if agents are anonymous,
or more generally, when monitoring or record keeping is imperfect, this may not work well.
This leads to a role for assets in the facilitation of exchange.

There are two ways in which assets can help in this regard. First, if you want to acquire
something, and have assets at hand, you can turn them over to a counterparty immediately.
In this case, assets serve as a medium of exchange. Alternatively, you can give the seller the
right to seize the assets in the event that you renege on your promise to deliver something
of value in the future. In this case, the assets serve as collateral. Collateral is useful in the
presence of commitment problems because it helps ensure compliance: if you fail to honor
an obligation, the creditor gets the collateral. To the extent that you value the collateral,
losing it constitutes a punishment that helps deter opportunistic misbehavior. For this to
work it is not even necessary that the counterparty values the collateral; it can be enough
that you do, since this makes your promise to repay debt more credible (of course, if the
collateral is also valued by the counterparty, the situation can be all the better, since then
he may not worry about the risk that you renege).

The two ways in which assets facilitate intertemporal exchange — serving as a medium
of exchange and serving as collateral — are related.! To make this concrete, suppose that
you have assets that are currently worth v, and will be worth v’ later. If you want to
pledge some of the assets, how big a pledge is credible? If no punishments are available
except for seizing the collateral, the credit limit is v/, since clearly you prefer honoring the
obligation if and only if it is less than v'. It is equally clear that, instead of pledging the

assets as collateral, you can turn them over now. At least, this is true without additional

! As David Andolfatto put it in a recent blog: “On the surface, these two methods of payment look rather
different. The first entails immediate settlement, while the second entails delayed settlement. To the extent
that the asset in question circulates widely as a device used for immediate settlement, it is called money
(in this case, backed money). To the extent it is used in support of debt, it is called collateral. But while
the monetary and credit transactions just described look different on the surface, they are equivalent in the
sense that capital is used to facilitate transactions that might not otherwise have taken place.”



complications, that many models do not specifiy explicity, implying a preference for either
immediate or deferred settlement. In terms of the literature, as a canonical model of assets
being used as a medium of exchange, we have in mind Kiyotaki and Wright (1989, 1993),
and as a model of them being used as collateral, we have in mind Kiyotaki and Moore (1997,
2005). We discuss in more detail below the connection between these two types of models;
for now, let us pursue the idea of assets serving as collateral.?

Given you want to use assets as collateral, what matters is how much you can use. In
the language of Holmstrom and Tirole (2011), what matters is the pledgability of various
assets. We propose a framework to study the implications of assets differing in pledgability,
or liquidity, and put it to work on several applications in finance and macro. The setup
nests standard growth and asset-pricing theories as special cases, and can be viewed as an
extension of the New Monetarist approach recently surveyed by Williamson and Wright
(2010) and Nosal and Rocheteau (2011). In the model, since we can price money as well as
neoclassical capital, equity, real estate etc., we can analyze the effects of monetary policy
on investment, real returns, housing markets etc., capturing as special cases classic results
by Fisher, Mundell, Tobin et al. This allows us to clarify, e.g., how inflation affects the
real and nominal returns on different assets as a function of pledgability. Monetary policy
also affects output and employment, and thus can generate a standard (downward-sloping)
Phillips curve. We can also study when currency is driven out by other assets, which has
clear implications for issues in international economics, like dollarization.

Liquidity differentials across assets, along both extensive and intensive margins, also

affect output, employment, investment, returns, etc. This allows us to study the macro

*We mention here two details. First, models along the lines of Kiyotaki and Wright (1989, 1993) are
usually framed in terms of consumer loans, while Kiyotaki and Moore (1997, 2005) models are framed as
producer loans. This may matter for some issues, but not for the big picture under consideration in these
introductory remarks. Second, there are two main types of collateralized loans. A mortgage, e.g., is secured
by the house bought with the loan — if you renege, they take your house. But if you renege on a home equity
loan used to pay for a vacation, e.g., they don’t reposess the vacation, they again take the house. Credit in
Kiyotaki and Moore (1997, 2005) models looks more like the latter (i.e., home equity loans). There are also
more complicated arrangements, e.g., repurchase agreements (see e.g. Monnet and Narajaba (2011)).



impact of financial developments. Also, as in the literature on over-the-counter markets in
finance (see footnote 3), we consider general mechanisms for determining the terms of trade,
including as special cases Nash, Kalai and other bargaining solutions, as well as Walrasian
pricing. This allows us to analyze markups and holdup problems. Calibrated versions of
the model are able to account reasonably well for the aggregate effects of monetary policy
and financial innovation. In particular, increases in inflation or nominal interest rates
realsitically raise output, employment, investment, housing (both prices and quantities)
and the value of the stock market. This does not mean, however, that such policies are
necesarily good for welfare. By contrast, some financial innovation actually looks bad for
output, employment, investment and stock values, yet increases welfare. The rest of the

paper involves making all this precise and studying the implications.?

2 The Model

There is a [0, 1] continuum of infinitely-lived households. Each period in discrete time has
two distinct markets. One is a frictionless centralized market, labeled AD for Arrow-Debreu,
where households trade assets, labor and certain consumption goods. The other is a market
where they trade different goods, subject to various frictions that impede credit, labeled
KM for Kiyotaki-Moore. We assume KM convenes before AD, but no interesting results

depend on this timing convention. All agents always participate in AD, while only a measure

3In terms of other work, similar in spirit is Lester et al. (2011), where differential liquidity is modeled
using information frictions: some agents are unable to recognize certain assets’ quality. That paper assumes
agents either recognize quality perfectly or not at all, and in the later case reject assets outright. This
avoids bargaining under asymmetric information, but means liquidity differs only along the extensive margin
(acceptance by more or fewer counterparties), not the intensive margin. One can tackle bargaining under
asymmetric information in these models, as in Rocheteau (2011), Li and Rocheteau (2008, 2009) and Li
et al. (2011). Those papers deliver liquidity differentials along the intensive margin, but typically rely on
special protocols (e.g., informed agents making take-it-or-leave-it offers, which eliminates any incentive for
sellers to invest in information, the main focus in Lester et al. (2011)). Because our approach is based on
pledgability and not recognizability — i.e., on commitment rather than information frictions — it is much
easier, so we can study applications well beyond those papers. On commitment issues generally, see the
large body of work eminating from Kehoe and Levine (1993, 2001) and Alvarez and Jermann (2000). Other
related papers include Sanches and Williamson (2010), Gu and Wright (2010), Mattesini et al. (2009), and
some work in finance on over-the-counter markets, including Duffie et al. (2005), Geromichalos et al. (2007),
Ferraris and Watanabe (2008), Lagos and Rocheteau (2008, 2009), Lagos (2010, 2011) and Li and Li (2010).
For more on the literature, see the above-mentioned surveys.



20 < 1, chosen at random each period, participate in KM. By not participating, we mean
that some households neither derive utility from, nor have an endowment of, KM goods. Of
the measure o participating in this marklet, we assume they all have an endowment ¢, while
/2 have utility function uy(Q) and ¢/2 have utility function us(Q), where u, (Q) > v/, (Q)
for all @), and the subscripts stand for buyer and seller. Buyers and sellers meet in KM,
either bilaterally or multilaterally, as discussed below, and potentially trade because the
former have higher marginal utility.*

If a seller in KM gives ¢ < ¢ of his endowment to a buyer, the cost to the former is
c(q) = us(q) — us (G — q), while the gain for the latter is u (q) = up (¢ + q) — up (). Notice
q is the transfer, while ) = ¢+ ¢ and () = ¢ — g are net consumption for buyers and sellers.
This notation makes the setup look just like the baseline New Monetarist model (e.g., Lagos
and Wright (2005)), except that instead of having sellers produce ¢, our KM market is a
pure-exchange market, with transfers coming out of endowments. This is not crucial, but
it allows us to interpret all production and employment as occurring in the AD market. In
any case, for a seller to hand over ¢, it is obvious that he must get something in return. In
many models of this type, the buyer hands over assets, as a medium of exchange, but as
discussed above, here they promise a payment in the next AD market. This captures the
notion, albeit in a stylized way, that households sometime want or need home improvements
or repairs, vacations, medical treatment etc., for which they need loans.

The key friction making credit imperfect is limited commitment: buyers are free to
renege on promised payments. If no punishments are available beyond seizing collateral,
sellers will only issue credit up to some limit that generally depends on the value of one’s

assets. In reality, unsecured credit is not impossible, of course, and some purchases for home

4We can alternatively assume they have the same marginal utility but different endowments — we merely
need some motive for trade.We can also assume, e.g., that ¢ is a factor of production, and agents realize
different productivity shocks in KM. In some presentations of related models, trade is motivated by random
matching, with o interpreted as the probability of meeting someone who produces a good that you like.
Also, instead of having households trade with each other in KM, at some cost in terms of simplicity, we can
alternatively have them trade with firms or with retailers (e.g., Aruoba et al. 2012).



repairs, medical treatment etc. can by put on one’s credit card, but as long as there are
limits, households sometimes still need collateralized loans. For now the limit on unsecured
credit is exogenous, although one can endogenize it as in Kehoe and Levine (1993) and
Alvarez and Jermann (2000). To keep things straight, in the benchmark model we use
language suggesting that assets are used as collateral, not as a direct payment instrument.
In some cases (e.g., home equity) this seems more natural than others (e.g., cash, or maybe
government bonds), as we discuss in more detail below. Also, we mention when that while
we frame the presentation as a theory of consumer credit, one can retool the model as one
of producer or investor credit without much difficulty.

In AD, as in standard growth theory, there is a numeraire good = that can be used for
consumption or investment, produced by firms using capital and labor according to a CRS
technology f(k,?) + (1 — 6x) k, where Jy, is the capital depreciation rate. We assume f is
strictly increasing and concave, and as usual in macro, k and ¢ are complements in the sense

that fie > 0. For firms, in the AD market, the usual profit-maximization conditions are

w:f€<k>€) andp:fk(k7€)7 (1)

where w is the wage and p the rental rate on capital, in terms of z. This is all we need to
say about firms for the rest of the analysis.

Households own the production capital k, as well as housing capital h with depreciation
rate J,. Housing can be in fixed supply H, in which case we set §;, = 0, or produced
endogenously, as discussed below. There is also an asset e that we interpret as equity in
a Lucas tree, paying a dividend v in every AD market in units of x. This asset is always
in fixed supply, normalized to 1. There is also fiat money m, and the supply M evolves
as a policy choice. Finally, there is a real bond b, with supply B also set by policy, that
purchased are in one AD market and redeemed for a unit of numeraire in the next AD

market. Define a portfolio a = (b, e, h, k, m) consisting of bonds, equity, housing, capital,



and money. Let ¢ = (¢, be, Op» Ok &,y) be the asset price vector, with the understanding
that ¢, = 1 since k and z are the same physical object.’

Households have quasi-linear utility over AD consumption, housing and labor, U(z, h) —
¢. They have discount factor 5 € (0,1) between the AD market and the next KM market,
but do not discount between KM and AD, without loss of generality. A household in AD

with portfolio a has net worth
y=y(a) =b+(y+d)e+ (L-3)dph+(p+1-d)k+dym—d+Q  (2)

in terms of numeraire, where d is debt (which could be negative) from the previous KM
market, and ) denotes other income including taxes or transfers. We assume KM debt d is
settled every period in AD, which is without loss of generality, given quasi-linear utility.

The household AD problem is
W (y,h) = m?gc{U (x,h) — 0+ BV (4a)} st. x =y + wl — ¢a,

where V' (&) is the continuation value at market closing. The contol variables are AD
consumption, employment and a new portfolio & The state includes net worth and housing,
because in contrast to other assets, h affects U(-) directly, not only through the budget
equation. Notice one gets utility from h brought into the period, while h can only be
enjoyed next period, just like k can only be used in production next period. Eliminating ¢

using the budget equation, we have
_Y oz _9a ;
W k)= Lt max {0 2, 1) w}+mg><{ & +BV(a)}, 3)

which immediately implies W is linear in net worth with slope 1/w. Moreover, the choices

of z and & are independent of y = y(a) — so, in particular, all households have the same

’We can easily extend the model to include nominal bonds, demand deposits, foreign currencies, and
other assets, but to keep things manageable we stick to those listed in the text. We can also allow agents
other than the government to issue bonds, but this will not happen in equilibrium — while one might imagine
wanting to buy bonds issued by another household to use as KM collateral, this cannot be a good deal for
both parties when they are intrinsically homogeneous.



portfolio exiting the AD market.”
The value function for a household entering the KM market with a is

V(a) =W [y(a),h] + o [u(q) — d/w] + old/w — ¢ ()], (4)

where (g, d) denotes the terms of trade when one is a buyer, and (g, d) when one is a seller,
comprised of a quantity ¢ and a debt obligation d coming due in the following AD market.
The first term on the RHS is one’s payoff if one does not participate in KM. The second
is the expected surplus from being a KM buyer, using u (q) = up (7 + q) — up () and the
result that W is linear in wealth with slope 1/w. The final term is the expected surplus
from being a seller, using ¢ (q) = us (q) — us (7 — q).

The total amount pledged — one’s debt position — is
d=d(d) =dy+ (v + ¢c) de + (L = 0n)Opdn + (p+ 1 = 01) dip + b + du,  (5)

where d = (dp, de, dp,, di, dp,, dy) is a vector of promises to deliver quantities of each asset,
plus unsecured debt d,. Note from (5) that bond pledges are evaluated at face value, as
are money and unsecured debt; pledges of equity are evaluated cum-dividend; pledges of
capital are evaluated before factor markets convene. Pledges of home equity are evaluated
at market prices after depreciation - this reflects a timing assumption. The creditor can
seize the house if the debtor defaults, but this foreclosure occurs at the end of the period,
i.e. after the current flow of housing services and depreciation have occurred. Of course, no
one cares about the composition of payments in AD, only their real value d.

However, one’s portfolio & matters in KM due to the following pledgability restrictions:
dj < Dj(aj) for j=b,e h k,m , (6)

d, < D, (7)

SThis generates a big gain in tractability, because we do not need to track an endogenous distribution
across agents as a state variable — it is degenerate at the close of each AD market. In fact, the distribution
is generally degenerate only if we condition on household type, but here there is only one type. If they
were intrinsically heterogenous, households might choose different values of &, but these choices would
still independent of a for each type. Tractability comes not from degeneracy per se, but from history
independence.



Thus, unsecured debt is available only up to D,, beyond which promises must be backed,
using assets as collateral. We assume D; (0) = 0, and 0D;/da; > 0. A special case is full
pledgability, D; (aj) = a;. We assume this is true for currency, D,, (m) = m, although
we can also imagine situations where Dy, (m) < m. Whenever D; (a;) < a; one is forced
to take a haircut when using a; as collateral. At the same time, if D, > 0, one can be
leveraged, which means getting credit beyond one’s net worth. Given a, the upper bound

on debt comes from pledging all assets to the limit:

D(a) = Dy (b) + (v + ¢e) De (€) + (1 = 6n)0p Dp () + (p + 1 = 61) Dy, (k) + ¢pm + D (8)

In equilibrium, households honor their obligations — there is no default and no assets
are ever seized — but the fact that households could default motivates our pledgability con-
straints. There are various ways to endogenize — or at least rationalize — such restrictions.”
While it is obviously desirable to explore the microfoundations of imperfect credit at a
deeper level, this paper is not about that. Instead, in this paper, we are interested in de-
vloping the implications of pledgability constraints, taking them as given, and think one can
learn something from the exerecise, even if we ultimately prefer more explicit descriptions
of the frictions underlying imperfect credit.

The next step is to determine the terms of trade in the KM market using a generic

mechanism. To see what this entails, suppose for now that KM trade is bilateral. Then in

each buyer-seller meeting, a mechanism generates a trade (g, d) satisfying

d=wz(q) and d < D(a), (9)

"Kiyotaki and Moore (1997,2005) appeal to resource diversion, in the sense that after a default the
creditor can seize only some fraction of the assets, while the debtor absconds with the rest. One can also
imagine seizure using up resources (e.g., litigation costs), as discussed in Iacoviello (2005). Holmstrom and
Tirole (2011) take pledgability as a primitive for investors, but provide a variety of economic stories to
motivate it. A recent formalization based on asymmetric information is developed in Rocheteau (2011), Li
and Rocheteau (2012) and Li et al. (2012), who assume assets can be counterfeited, at a fixed cost. Using
a natural approach to bargaining under asymmetric information, they show how sellers will accept asset a;
only up to a limit a;, which depends on parameters, including the cost of counterfeiting. As a special case,
Lester et al. (2012) assume 0 cost of counterfeiting. See Gertler and Kiyotaki (2010) for a survey with many
other references.



for some funciton z(q). Thus, to acquire ¢, a buyer must pledge a payment wz(q) in
numeraire, where z (¢) is in terms of utility, because each unit of numeraire translates into
1/w hours of leisure, each of which is worth 1 util given our preferences. A simple example is
buyer-take-all bargaining: to acquire g a buyer must pledge d = wc (q) to exactly compensate
the seller for his cost, but any such pledge must respect the constraint d < D(a). For the
buyer-take-all mechanism, it is easy to see the following: let ¢* solve v’ (¢*) = ¢/ (¢*) and
d* = we(q*); if d* < D(a) the outcome is ¢ = ¢* and d = d*; but if d* > D(a), then
d = D(a) and ¢ < ¢* solves D(a) = wc(q).

More generally, consider the proportional bargaining solution in Kalai (1977), where the
buyer has bargaining power 6. It is easy to show the outcome is the same as buyer-take-all,

except we replace ¢ (q) with

z(q) =0c(q) + (1 =0)u(q). (10)

Thus, let ¢* solve u'(¢*) = 2’'(¢*), which turns out to be the same as the solution to
u (¢*) = (¢*), and d* = wz (¢*) = 0c(¢*)+ (1 — 0) u (¢*), which is greater than d* implied
by buyer-take-all unless # = 1. Then d* < D(a) implies ¢ = ¢* and d = d*, and d* > D(a)
implies d = D(a) where ¢ < ¢* solves D(a) = wz(q). The outcome is also similar with

generalized Nash bargaining, except®

0u’ (q)

B (1-0)¢(q)
0= T a-07 0

0u' (q) +(1—0)c (g

c(q) +

)U(Q)- (11)

Other mechanisms that have been used in related models include strategic bargaining
(see e.g. He et al. (2012)), pure mechanism design (Hu et al. (2009)), price posting with

directed search (7; Rocheteau and Wright (2005)) or with undirected search (He et al.

SWith nonlinear u (-) or ¢(-), for the same 6, Nash and Kalai give the same outcome when d* < D(a),
but not when d* > D(a). Kalai bargaining has been used frequently in recent monetary theory because it
is more tractable than Nash (see Lester et al. 2012 for references). Also, to be clear, with Nash bargaining
agents may endogenously choose asset positions that make the contraint bind — e.g., in the pure courrency
model of Lagos-Wright (2005) they choose 7 so that they cannot afford ¢*. This is due to the fact that,
with Nash, unless # = 1 an agent’s surplus can decrease when his constraints are relaxed (see Aruoba et al.
2007). But it is still true that if the constraints are slack then Nash yields ¢ = ¢* for all 0.

10



(2012)), and auctions (Galenianos and Kircher (2008); Dutu et al. (2009)). Some of these
approaches, such as auctions, are more interesting or make more sense with multilateral
trade. Once we depart from bilateral trade, it also makes sense to consider Walrasian pricing.
Thus, suppose positive and (for simplicity) equal measures of buyers and sellers meet in the
same location. Buyers solve max, {u (q) — d/w}, subject to d = ¢,q < D(a), where they
take parametrically ¢,, the price of ¢ in terms of numeraire x. If ¢, q < D(a) does not bind
then v’ (¢) = ¢,/w, and if it binds then ¢ = D(a)/¢,. Sellers solve max {¢,q/w —c(q)},
which implies ¢, = wc’ (¢). Combining these results, wc' (¢*) ¢* < D(a) implies ¢ = ¢* and
d = wd (¢%) ¢*, while wc’ (¢*) ¢* > D(a) implies d = D(a) and ¢ solves wc’ (q) ¢ = D(a).
This is qualitatively the same as bargaining, except now z (q) = gc’ (q).

A variety of standard solution concepts can therefore be considered special cases of a
generic trading mechanism. Rather than take a stand on a particular one, we work with

an abstract mechanism defined by a function z(gq), where z(0) = 0 and z(q) is strictly

increasing and differentiable almost everywhere, such that the following condition holds:

Assumption 1 If wz(¢*) < D(a) then ¢ = ¢* and d* = wz(¢*); but if wz (¢*) > D(a)

then d = D(a) and q solves D(a) = wz (q).

A useful property of any such mechanism is that the outcome depends on a buyer’s portfolio
iff his constraint binds, and does not depend at all on the seller’s portfolio. Hence, the last
9

term in (4), the expected surplus from being a seller, does not depend on &.

Given this, we now characterize the choice of & in the portfolio problem (3). First form

9The result that a seller’s surplus is independent of his portfolio may depend on quasi-linear utility, but
even with this assumption, it does not hold for any possible mechanism — e.g., while it does hold for the
mechanism in Hu et al. (2009), where the terms of trade depend on a buyer’s portfolio directly and not
only via his constraint, the result does not hold for a simple generalization where the terms of trade also
depend on the seller’s portfolio directly. But as the examples in the text make clear, the result holds for
many standard mechanisms.

11



the Lagrangian

L= —gafw+BW [y(@).h] + Bo u@) - 2 (@] + S [D; (@) — ds] + A (D — d)

A [+ (7 60 ) de+ (U= 8) S + (0 + 1= 04) dy + G+ pa — 2 ()|

The constraints with multipliers A\, and Aj, j = b, e, h, k,m, say that unsecured pledges
are limited by D, and pledges secured by a; are limited by Dj; (a;). The constraint with
multiplier A\, says d = w'z (¢) must be consistent with the trading mechanism, where d =
d(d) is the total value of pledges given in (5). Note that in this constraint we use the wage
w' and asset prices ¢’ next period, since that is when the relevant KM trades occur, while
a is chosen this period at prices given by ¢.

The FOC’s are

. oy W y(a), fz] dDj(ay) e

. : . < — .
@ w p 8dj )\j 8&j =0, if a; >0 (12)

d
dj : _)‘j + )\q 8;;]) <0, = if dj >0 (13)
ou(q) 0z(q) ,02 (q) .
_ — < = .
q Bo [ 34 34 Aqw 34 0, ifg>0 (14)

In (13), 0d(d)/0d; is the marginal value of a d; pledge — e.g., dd(d)/0d. = v + ¢, given
cum-dividend equity transfers. A solution to the household’s problem is characterized by
(12)-(14), plus Ugz(z,h) = 1/w, which determines AD consumption z, and the budget

equation, which determines employment /.

2.1 Case 1: Liquid

Suppose the household has sufficient pledgable assets to aquire ¢*. In this ‘plain vanilla’
case, as is standard, in equilibrium fiat money cannot be valued and ¢,, = 0. For every
other a;, j = b,e, h, k, we have \; = 0 and the FOC (??7), which must hold at equality in

equilibrium by market clearing, becomes ¢; = w39W/da;. Dreiving OW/da; using (2)-(3)
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and simplifying, we get the asset-pricing conditions:

b = 2 (15)
6 = (1) (16)
bn = 22 (150 6} + Bl (o, W) (17)
1 = i‘f(p’ﬂ—&k). (18)

Since w = 1/U, (z,h), (15) says the bond price equals the MRS, SU, («/,h') /U, (x, h).
Similarly, (16)-(17) set the prices of h and k to the MRS times the assets’ payoffs, while
(18) is the standard capital Euler equation.

In steady state, these reduce to

1
b = 1 (19
-7
¢e - r (20)
_ wUp (2, h)
b = Trton (21)
p = r+d (22)

where 1 4+ = 1/f is the rate of time preference. The accounting return r; on each asset,

is defined as next period’s payoff over the current price:

l+m = 1/¢, (23)
ltre = (Y+4L) /¢ (24)
L+r, = [(1=26,) ¢, +wUp (2, 1)] /oy (25)
L+r, = p+1—06. (26)

From (15)-(18), these all equal (1 + 7)w’/w in general, and 1+ r in steady state. So, when
liquidity is not scarce, all assets earn the same return. Of course, for housing, this requires

measuring the payoff to include Uy, (z/, 1), not just the capital gain (1 — dp,) ¢},.
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The above results follow directly from the household problem. We now discuss macro-
economic equilibrium in two versions of the model: one with a fixed stock of housing H and
0p = 0; the other with an endogenous supply. In the first version, given initial conditions
for k and h, equilibrium consists of time paths for: (i) AD consumption, capital investment,

housing investment, and employment (z, k', h', ¢) satisfying

1 = Uy (z,H) fo(k,0) (27)
Up (2, H) = BU, (¢, H) [fu(K,0)+1— 6] (28)
n = H (29)
vo= v+ f(kO-[K—(1-0)k]; (30)

(i) KM consumption and (debt) payments ¢ = ¢* and d = fy (k,¢) z (¢*); and (iii) asset
prices as described above. A steady state satisfies stationary versions of these conditions.!”
It seems worth spending a little time on steady state in the benchmark situation, where

liquidity is plentiful and money is not valued, before considering more complicated scenarios.

To begin, it is routine to derive

Dlak/87 = ffkaUa;a:<O
D10l/0y = —fofirUszz <0

Dq0x/0y = FU, >0,

where F' = fyrfoe — f2 > 0 and D1 = fi [fofix — (fe — 6k) fre) Upw + FU, > 0. Thus, an
increase in the dividend (the productivity of trees) reduces AD investment and employment,
but increases consumption. This is pure a wealth effect. The net impact on total output,

~v+ f (k, ), can be positive or negative, but is positive in the special case U, = 0.

Y10 case it is not obvious, (27) and (28) are the FOC’s for x and k, after inserting w and p from (1); (29)
clears the housing market, with ¢, adjusting to make that happen; and (30) clears the AD goods market,
with consumption equal to output minus net investment, which as usual can be derived by aggregating
individual budget equations. In these conditions ¢ denotes aggregate labor. Individual household labor
depends on net wealth entering the AD market, which generally differs across households depending on their
debt from the previous KM market, but we only need aggregate ¢ to define macro equilibrium.
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Next, letting A ~ B indicate that A and B take the same sign, we derive

D10k/OH = fifreUsh = Uz
D10lJOH = —fofixUsh = Ugp

D10x/OH = fi[(fx — Ok) fre — fofur) Ush = Ugh.

Thus an increase in the housing stock increases AD investment, employment and consump-
tion if  and h are complements in the sense that U,, > 0, and decreases them if z and h
substitutes in the sense U, < 0. These and other substantive results are summarized in
Table 1a, including predictions about factor prices and the rental rate on housing, r¢;.'!
Most effects are unambiguous, except for those concerning housing — as in much work on
home production (e.g., Aruoba et al. (2012)), these naturally depend on cross derivatives,
with +U,p, or —U,y, indicating the effect takes the same or opposite sign as Uy, and 7/—
indicating it is ambigous in general but negative if U,, > 0. Bute notice d¢;/0H < 0 is

unambigous, which we interpret as a downward-sloping long-run demand for housing.

Table la: Parameter Effects in Case 1, liquid equilibrium (h exogenous)

k 14 x w p (r+dn) oy,
Y - - +/0 +/0 0 +/0
r — ? — — + —Np,
Ok * ? — — + — Ny,
H +Uypp +Upp +Up — ;Bh/O 0 — Ny

Table 1b: Parameter Effects in Case 1, liquid equilibrium (h endogenous)

k L T w P h
y - - + + 0 +Uzn
A D YA YT
o T -+ o+ U
on  —Upn  —Upn  —Uzn  +Uygp 0 —

Notes: +U,p means same sign as Uy, (similar for —Uyyp); +/0 means positive for any
concave f, and 0 for CRS, —NN; means negative as long as good j is normal, * means
ambiguous but < 0 if £f; is inc in £ (which is true for Cobb-Douglas).

1 Table 1 omits the effects of o on the endogenous variables and the effects of the exogenous variables on
q, because they are all 0 in Case 1 when liquidity is plentiful. And, of course, monetary policy has no effect
here, because the equilibrium is nonmonetary.
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This last result is useful when we endogenize the housing stock, by introducing into the
AD market competitive home builders with convex cost function ¢ (-). Thus, increasing
hi to hg requires g (ha — h1) units of z, and the builders’ FOC is ¢}, = ¢’ [h — (1 — dp,) h].

Combined with the household’s FOC for i/, this yields the housing Euler equation
Up(z, h)g' [W — (1= b) k] = BU, (', H) {(1 = 6x) ¢’ [K" — (1 = 6,) '] + Uy («/, 1) } .
Equilibrium with endogenous h uses this instead of (29), and
x=~+ f (k) — [k'—(l—ék)k] —g[h’—(l—dh)h]

instead of (30). In steady state the builders’ FOC is ¢’ (dph) = ¢}, an upward-sloping
long-run supply curve. Combined with downward-sloping demand, a unique (h, ¢;) clears
the housing market. The effects of parameters with A endogenous are given in Table 1b.
Including housing in the model allows us to make several points. First, for reproducible
assets, like h when it is endogenous, heuristically one can think of supply determining
price and demand determining quantity, while for fixed h = H demand simply pins down
price. Second, although one can make a similar point by comparing k& and e, the price
of k is always ¢;, = 1, which is not true of ¢;. The fact that h, different from £ and e,
affects utility directly and not only via the budget equation has several implications — e.g.,
increasing in the supply of Lucas trees always makes liquidity less scarce, while increasing
H makes liquidity either more or less scarce depending on the elasticity of housing demand
(see He et al. (2012)). Also, empirically, there was a sizable increase in home equity loans
since the turn of the millennium, and modeling this may be relevant for understanding the
recent boom and bust in house prices (again see He et al. (2012)). Finally, housing provides
a clear example where it may not be equivalent for an asset to serve as collateral, as in
Kiyotaki-Moore, or as medium of exchange, as in Kiyotaki-Wright, a point we elaborate
in section 3. However, having made these points, sometimes in what follows we omit A to

simplify the presentation while focusing on other issues.
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The last thing to do in Case 1 is to determine exactly when liquidity is plentiful. As-
suming H fixed, and focusing on steady state, liquidity plentiful iff D(a) > fi(k,£)z (¢*),

the amount needed to buy ¢*, where D(a) is evaluated at the equilibrium portfolio:

_ (1+7)

D(a) = Dy (B) + Uh(fj H)

Dy (H) + [fu(k,€) + 1 = 0x] Dy, (k) + Dy (31)

When liquidity is not scarce, the exact form of payment is indeterminate — e.g., one can
use b, e..., or any combination as long as one respects d; < Dj(a;). We also mention
that when liquidity is plentiful the model dichotomizes: the AD allocation (x,k’,h', () is
independent of the KM allocation ¢*. One can break this by interacting ¢ with (z, k', b/, ¢)
either in preferences or in technology — e.g., drop separability between U (z,h) and u(q),
or assume k is used in the production of ¢ (Aruoba et al. (2012)). We instead break the
dichotomy by assuming below that liquidity is scarce, so that AD and KM interact via

financial considerations.

2.2 Case 2: Illiquid Non-monetary

We consider a nonmonetary equilibrium when (31) does not hold, so liquidity is too tight

for buyers to get ¢*. The FOC for ¢ then implies A, = S0 L (¢) /w’ > 0, where

L) =L (52)

will play a big role in what follows. Although not strictly neccesary, to ease the presentation
we assume L' (q) < 0, noting that for many standard mechanisms, including Kalai and

Walras, it holds automatically.'? In any case, for all j other than m, the FOC for d; implies

12Kalai and Walras yield

L (q) _ 0 [u, (q) — C, (q),]

_ v (@ - (q)
Tt - nw i MO

(9) (q)

respectively, from which it easy to see L’ (q) < 0 for all parameter values. While it does not necessarily hold
for generalized Nash without additional assumptions — e.g., 6 is close to 1; or, ¢(q) is linear and u(q) displays
decreasing absolute risk aversion — one can dispense with the assumption L’ < 0 at a cost of additional work
(see Wright 2010 for the analysis in a different but related model). To avoid these complications we focus
on specifications with L'(g) < 0.
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Aj = X\,0d/0d; > 0, and hence dj = Dj (aj). Therefore KM buyers borrow to the limit
D = D(&), and q solves z (¢)w' = D(&).
In terms of asset prices, the FOC’s for a; now imply ¢; = w8W; —|—w)\jD; (@;), and after

inserting W;, A; and market clearing we get

Buw

6 = 2[4 DyBIeL @) (33
6 = 21 6) 14 DUDOL (o) (31)
on = 22— oy [L+ D)L (@)] + Bl (a', ) (35)

1 = %‘f(p’ +1—06) [14 Di(K)oL(q)] - (36)

Compared to (15)-(18) from Case 1, each RHS!3 is now multiplied by 1 + D’ (aj) oL (q),
which constitutes a liquidity premium. Using these pricing equations, the accounting return

on each a; is given by
W' 1+r

147y == i :
EA 1+ D’ (a;) oL (q)

which is below the return on an illiquid asset whenever D’ (a;) oL (q) > 0, because a;
relaxes payment constraints.
Suppose h = H is fixed and 05, = 0 (endogenous h can be handled as in Case 1). Then

a Case 2 equilibrium consists of paths for: (i) the AD allocation (x, k', h', ) satisfying

1 = U, (x,H) fo(k,0) (37)
Uy (¢, H) = BU, (¢, H) [fu(K',¢) +1— 8] [L+ D} (k) oL (q))] (38)
W o= H (39)
e = v+ fR O+ (-6 k—K; (40)

(i) the KM allocation (q,d) satisfying d = D (4) and z (¢) = d/w'; and (iii) asset prices as

described above. The difference between the AD conditions here and in Case 1 is that (38)

13Except for housing, because of our timing assumption. The flow of housing services in the immediately
following period U(z,h) cannot be transferred or borrowed against, so it is not affected by the liquidity
premium.
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has 1+ D’ (k) oL (g) on the RHS, since liquidity needs now affect investment. Steady state

satisfies stationary versions of these conditions, including

(1+7)yDe (1) L Un (#,h) [1+ DjoL (q)]Dn (H)
r— DLoL (q) r—DjoL(q)

+ [fk(k,@ +1- 5k:] Dk (k‘) + Du,

D(ﬁ) = Dy(B)+

(41)

which we get by inserting into (8) the equilibrium values of b, e and h. This differs from
(31) in Case 1 because asset prices (in the case of b, e and h) or quantities (in the case of
k, and h when it is endogenous) generally depend on liquidity considerations.

We now derive the effects of parameter changes. To keep the presentation managable,
for this exercise, we ignore bonds and housing and set D;(a;) = p;a. Then, the steady state

in this case, is summarized by (g, k, £, x) satisfiying

_ (A 4r)yp.
z(q) = mﬁL[fk(kvg)?Ll*ék]ﬂkkﬁLDu
1+r = [fu(k,0)+1—0k][1+ proL(q)]

xr = 'y+f(k,€)—5kk

1 = fi(k,0)Uy(x).

Differentiation yields

C, —Cr  —ppkfre 0 dq r

Cruol’ Crfie  Crfwe 0 dk | | dr — CyL(oduy, + pypdo)
0 fe =9 fe —1 e | — —dy
0 JeeUs fuUs  fiUss dx 0
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where I' = dPy + Crkduy, + Cydy + Cy_dp, — Crdr + Cydo and

(’I“ - :u’eO-L)Q

C’f - fk+1_5/€7

c, = -

Cv = pg(Efir+ fe+1—0k),

Cr = 14 pu,oL,
1 1
¢ - Utnm o (en
r—peols T (r—peol)
(14 peoL) v, (1+7)ypeL
C, = S HIZMe o LT
(T - MeJL) (7’ - :U’eO—L)

Notice all the C’s are positive, with the possible exception of C;. Hence we impose a

restriction:

Assumption 2 (1) Cifu < /kaflfg; equivalently, kF + (fr + 1 — 0g)fee > 0, where we
recall F' = furfoo — f,fg. (2) Crpfe > ppk(fu — 0k)fre; equivalently, (fip+1—0k) fr >

k[(fx — 0r) fre — fofrl-

The determinant of the sqaure matrix is

Dy = C.CLFU, + C.CLfe(fefur — (fe — 0k) fre)] Unar
+Crupo L’ (Crfu — ik f2y) Us

+Crppo L’ fo [=Crfe + ik (fe — 0k) fre) Uz

The first and second terms on the RHS are positive. Under Assumption 2 (1) and (2), the
third and fourth terms are, too. Hence Assumption 2 implies Do > 0. However, even with-
out Assumption 2, if y;, small then Ds is close to C,Cp FU,+C.CL fo [ fefer — (fx — k) fre)] Uzw >

0, without additional assumptions.
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We first derive the effects of ~:

Dydq/oy =
Dgae/a"y =

D30z /0y =

C,OLFU, + C,Cr fe[fefve — (fk — 0k) frk] Uze — CL fofre (—Ck + pk frr) Use
—CpCuo L fuUs + fo (Cefo+ Cpujo L'k fre — CyCrpuy oL’ fr) Usa
CrCypuo L' fxUp + Cppgo L' fo [Cr (fre — 01) — AC.CL frk) Ua

C.CLFU, + Crpo L’ (Cfoe — pik f27) Us

The first expression is ambiguous: due to the usual wealth effect k falls, which reduces ¢, as

one can see by setting Cy = 0; but when C, > 0 and U, = 0, one can see a positive effect,

resulting from the fact that e is more pledgable. Similarly, k& is ambiguous, but decreases

with v if U, = 0, because k is not as important when the value oif e increases. Like k, ¢

also decreases with « if U,, = 0. But x unambiguously increases with v by Assumption 2.

Next we have

Dgaq/aT’

D2 8k/8r
D20l Or

Dy0zx/0r

= —C.CLFUy + (Crfou — ik fir) Us — CrCLfo [fefor — (fe — Ok fwe)] Ua

+fe[Crfe — pik (fre — 0k) fre] Usa

= (CZ + CrCf,ukO'L/) (ngxx + fMU:):)
= (C.+ C.Cruol’) [fe (fre — 0k) Usa — freUs)

= (C.+CoCruo L) [(fu — Ok) foe — fofre) Us

The first expression is negative by Assumption 2, so ¢ falls with r because the value of e,

and possibly also the level of k, fall. The effect on k£ is ambiguous since, as is standard,

higher r reduces investment, but now with the value of e falling there is an incentive to

invest more for collateral reasons. Then ¢ and x both increase iff k£ increases.

In terms of the financial parameters, startying with the probability one needs a loan,
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we have

Dy9q/00 = CoCLFUy + CypL (—Afu+ pkf) Us + CoCr o [fefie — (fi — tg) frel Une
+CrpLfo [=Crfe+ (fr — 6k) ik fre] Usa

D20k/00 = —(C.L+CooL') (fiUsa+ fueUs)

Dy0t/do = (C.L+ CooL’) Crpy, [freUs + (fi — 0k) feUsal

Dy0x/00 = (C.L+ CooL') Crpy [fofue — (fis — k) fee) Un

Notice that dq/do > 0 as long as Assumption 2 holds: when the probability o increases,
agents respond by being more liquid. One can see this in the second term, 0k/do > 0,
using the result that C,L + C,0L' = Lz’ > 0. For equity in Lucas trees, which are in fixed
supply, e cannot increase, but the price ¢, does (CHECK). The effect on employmenht is
ambiguous, because on the one hand agents build more k, but on the other they are richer
due to equity prices rising and hence want more leisure, unless U,, = 0 in which case 0¢/00.
And in any case, 0x/do > 0.

Now considering the unsecured credit limit Py, we derive

D20q/0P; = CLFU.+ Crfelfefer — (fr — 01) fre)] Uze > 0
D0k /0Py = —CyrupoL (f7Uss + feUs) <0
D20/0P; = Crupo L [freUs + (fr = 65) feUza] S0, <0if Upp =0

Dodz/0Py = —Crupo L [(fr — 0k)foe — fefue) U <0

When P, increases, naturally, ¢ increases. Then, since k is not so critical as collateral,
investment falls. Employment may go up or down, but it falls if U,, = 0. And x falls in
any case.

In terms of the pledgability parameters, first, the effects of 11, are qualitiatively just like
those of P; — both increase pledgability. However, these is nothing individuals can do at the

margin to take further advantage of this, the way they can increase investment in k£ when
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it becomes more pledgable due to an increas in u; (see below). However, the market in a
sense does it for them — when g, increases individuals would like to hold more equity in
Lucas trees, but since the supply is fixed, the price goes up. Yet this is enough to increase
the value of equity for the representative agent. So there is a multiplier effect when p,
increases that is not there when P, increases, but otherwise the effects are qualitatively the
same.

Next we have

gjaq/auk = kCLFU + oL (—Cl for + ppk i)
+kCLfe[fofik — (fio = k) fre Use + 0L fo [=Crfo + pik (fi, — 1) fre] Usa
gjak/a“k = —(C.oL+ kCyupo L) (f}Use + freUs)
gjag/auk = —(CooL+kCyma L) [fe (fi — 04) Usa + funUs]
gjax/auk = —(C.oL+ kCupo L) [(fx — 0k) for — fefueUs]

The first expression is positive, and hence ¢ increases with the pledgability of k, by As-
sumption 2. The second is ambiguous: on the one hand, when k becomes more pledgable,
a substitution-like marginal effect says agents should invest more; on the other hand, a
wealth-like effect says they do not need to invest so much since the same amount of k£ goes
further. Since the effect on k is ambiguous, so is the effect on £ — and even if k£ goes up we
cannot be sure that ¢ also goes up unless U,, ~ 0. We can however be sure that = goes up

iff £ goes up.

Parameter Effects: Case 2
gl k| l|lx|wl|p

SN
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The last thing we do here is check when Case 2 obtains as the only equilibrium — i.e.,

when is liquidity scarce, but money still not valued? The answer is

fe(k,€)2(q") > D(a) > fe(k,0) 2 (q") - (42)

The first inequality in (42) says that agents cannot borrow enough to get ¢*, which means
that liquidity is scarce. The second says the following: as will become clear below, in
monetary equilibrium households choose real balances so that they can purchase ¢, where
oL (qz) = 4; if this is less than they can purchase using only credit, they choose to hold no

currency.

2.3 Case 3: Monetary

We now characterize a monetary equilibrium. As in Case 2, A\; = SoL(¢q) > 0 and \; =

P’ (pj) Aq > 0, so all constraints bind, and buyers borrow to the limit
D (&) = Dy (B)+(y + ¢.) De (1)+(1 = 6) ¢, Di(h)+ (o' + 1 = 6x) Dy(k)+ it Dy, (43)

which now includes real balances ¢/,m. The asset pricing equations for (b, e, h, k) are the

same as (33)-(36), plus a new condition for pricing currency:

b= 2240, 11+ 0L ). (14)

As above, an equilibrium is defined as a path satisfying the relevant conditions for: (i) the
AD allocation; (ii) the KM allocation; and (iii) asset prices. However, having money valued
has major implications for how the economy functions.

To see this, first rearrange (44) as

G W
%ﬁ—w—l—i-all(q).

The LHS is the inflation rate ¢,,/¢!, times the real interest rate w’/Bw, which, by the no-

arbitrage condition known as the Fisher equation, equals the gross nominal interest rate,
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1 +i."* Assuming that monetary policy sets 4, this pins down ¢ = ¢* as the solution to
oL (ql) = 4. A steady state can now be summarized by an allocation satifying the same
conditions we had in Case 2, except we replace the condition wz (¢) = D (&) with i = oL (q),
since at the margin ¢ depends on monetary policy and not the real supply of pledgable assets.

The key observation here is that ¢ and hence the liquidity premium L (q) are pinned

down by i. Indeed, substituting oL (¢) = i, we can write (??) as
L = [fi (b, 0) +1 = 8] |1+ Di(R)i|

to show the direct effect of monetary policy on investment. Changes in pledgability Dk(l%)
will change this condition, but since in equilibrium ¢ = ¢* does not change, there is a direct
effect on k£ but no indirect effect via gq. Similarly, there is a direct effect on other assets’

prices ¢; and returns
W' 147

1 L
R w1+ D (a;)3

but no indirect effect through ¢, as long as we keep the same i.

To go into more detail, again writing D (a;) = u;, we derive

—ol’ 0 0 0 dg Ldo — di
CfukGL’ Crfee Crfre 0 dk | | dr+ Crdéy, — CyL(odpy, + pydo)
0 k=0 [ -1 de kdsy, — dy
0 faUs  fuUs  feUse dx 0

where the determinant of the square matrix is

D3 = —oL'CL {FU" + fe[fefur — fre (fr = 1) Uza} > 0.

Consider first the effect of monetary policy in terms of the nominal interest rate i. We

have

dq/0i =1/cL’ (q) <0,

4 One can interpret i as the return on an illiquid nominal bond, which need not actually trade in equi-
librium, because it is illiquid. Monetary policy can peg the rate of growth in M or the inlfation rate, since
they are equal in steady state, or they can peg ¢, and let M evolve endogenously.
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which is the usual Friedman effect. Similarly,
D30k /0i = Cpppo L' (f7Usa + fuUz) > 0,
as long as p, > 0, which is the Tobin effect (obviously p;, = 0 implies 0k/0i = 0). Also,

D30l/8i = —Cyppo L [ freUs + (fr — 0k) feUzal ,

which is ambiguous in sign: the first term inside the square bracket is positive, but the
second is negative, so the net effect depends on U,, and U,. Hence, the long-run Phillips
curve can slope up or down. The intuition stems from opposing wealth and substitution
effects resulting from a higher level of steady state capital. With CRRA utility and a
Cobb-Douglas production function, e.g., one can show 9¢/0i > 0 iff risk aversion is below a

threshold. Specifically, with U(x) = “i:: Cobb-Douglas f(k,£) = k*1=%, we have

Usfir + Usa fi (Afy —0) = 2z "a(l - Oz)k:a*w*a — 771:*”*1(1 — )k (ako‘*lﬁlf‘l
= (1—-a)z " koot (o — 7 (ozk:o‘ﬁl_a — 6k)]

ofoi > 0+« az—n(ak®'"*—0k) >0

PN ak® o — ok S
aketi—a —gf ~

Thus, the substitution effect from a monetary policy change dominates the income
effect, i.e. CM employment increases with inflation, if the curvature of the utility function
is sufficiently low. Note that the left hand side is greater than 1. Although the effect on £

is ambiguous, in general, AD consumption definitely increases with .

D30x/0i = Crupo L [(fr — 0k) fee — fofuel Uz > 0,
It is also easy to determine the effects on prices. For factor prices,
D30w/di = Crupo L' fo [for — (fr — 0k) foe] Upe >0
D30p/0i = —Cpuy/ (14 ppol) <0,
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Hence, the wage rate w rises while the rental rate p falls with i. For the return to equity,
we have

OR./0i = (0R./0q) (0q/0i) > 0,

since OR./0q = —Rept,/ (1 + p.oL) < 0 and we showed above that dq/di < 0. This is the
Mundell effect: increasing inflation makes people want to switch their portfolios out of m
and into e, but since e = 1 is in fixed supply, the result is to raise the price 1 and lower the
return R, = 1+ /1.

In terms of the impact of o, we derive
D3dq/00 = —L/oL’ > 0,

again simplifying. Hence, ¢ goes up with o, because agents carry more real balances when
the probability they need them goes up — i.e., one can easily check d¢/0c > 0. Notice that
0q/0c = —L0q/do, so the elasticity of ¢ wrt o is the negative of the elasticity wrt i. But,
different from 4, o neither affects the other quantities, 0k/do = 0¢/0c = Ox /0o = 0, nor
the prices, OR./Jo = Ow/dy = dp/dvy = 0.

In terms of the impact of the dividend +, the productivity of Lucas trees, we have

dq/oy = 0
Dgak/87 = —CLO'L/fkgngmw <0
Dgé)(%/é)v = CLUL/fkkngzx <0

D30x/0y = CroLl'FU, > 0.

The dividend does not affect g, even though equity is used for transaction purposes, since
q is pinned down by oL (¢) = i. An increase in 7 reduces investment and employment, and
increases consumption z. This is due to a wealth effect: even if we shut down decentralized
trade, by setting o = 0, e.g., we still get 0k/9y < 0, 9¢/0y < 0 and dx/dy > 0. Also, one

can easily check that the effects on k£ and ¢ net out to leave wage and rental rates unchanged:
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Ow/0y = dp/dy = 0. Also, given dq/dy = 0, we have IR, /v = 0. Since R, = 1+ v/, this
means that the elasticity of equity prices wrt dividends is (9v/07) (v/v) = 1, as it would
if equity were priced fundamentally, even though here it bears a premium ¢ > v/r.

From the constraint z (q¢) = d/w, where d = (7 + ¢,) e + (p + 1 — 0k) pik + ¢pm, if we

ignore bonds, housing and unsecured debt, we derive

0= + Cpptp e + o

(v + Pe) He ok O¢m
v oy Oy

The first term is positive — i.e., one gets more for an equity pledge when - increases. The
second term is negative, since 9p/dy = 0 and 9k/0vy < 0, so one now gets less for a pledge
backed by capital. The net effect on real balances is unclear — e.g., ¢m definitely falls with
when p, > 0 = g, and rises when p, = 0 < pj,. But in any case, in monetary equilibrium,
since ¢ is pinned down, net pledgeable wealth does not change with v — the pledgability of
capital and/or real balances get completely crowded out.

In terms of the pledgability parameters, we have

9q/0ny, = 0
D30k/0p;, = Cpo®LL (f}Uss + fuUsz) >0
D30t/0py, = —Cpo® LL [(fx — 6k) foUss + freUs) = 0£/0i

D30z /0p, = Cyo®LL [fu (fr — 0k) — fofer) Uz > 0,

Again, and increase in u;, does not affect g, but since it does make k better in payments, it
increases investment. It has an ambiguous effect on employment, in the same way 0¢/0i is

ambiguous, but the net effect on x is positive. In terms of prices,

Ow/Ow, = @ (fu+1—08)d*LL fo[fofox — (fi — 6) for) Ups >0

Op/Oy = —(fxk+1-0)oL/(1+ puoL) <0,

after simplification. And again, since ¢ does not change with u, OR./0p;, = 0.
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Moving from g, to u,, it is clear that the effects on (g, k, ¢, x) are nil, and hence so are the
effects on (w, p). But p, does affect the price of equity: OR./Ou, = —ReoL/ (1 + p.oL) < 0.
Intuitively, when it is better in payments, demand for e and hence the price 1 go up, reducing
the dividend-price ratio. The reason ¢ does not change is that the increased pledgability of
equity completely crowds out real balances. Also note that for an asset in fixed supply, like
e, increasing pledgability raises the price, while for a reproducible asset, like k, where the
price in terms of z is 1, increasing pledgability raises the quantity.

Since r and p;, enter only the second equilibrium condition, with the opposite sign, the
effects of r on the allocation (g, k, ¢, x) take the opposite sign to the effects of u, at least
assuming monetary policy pegs i so that ¢ does not change (it would be different if we were
to peg inflation, say, since then ¢ would rise with 7). The same is true for factor prices. The
effect on R, of an increase in r is positive, since R, [1 + 0L (q)] = 1 + r, given 4 and hence

q do not change. In terms of §, we have

0g/05, = 0
D30k/06, = —CroL'[(fe—kfue) feUse + foeUs]
D300/96, = —CroL'{[kfix — (fx — 0x)] feUsre — freUs}

D38.€L‘/85k = CLO'L/F/{U;B <0
D3dw/06, = —CroL'fy [FEU' + fofue — (fe — k) fee] Uz <O

9p/d6y = 1.

Notice higher §; has ambiguous effects on k and ¢, although again we can sign the effects
on factor prices. Again, since ¢ does not depend on §j, neither does R.. We summarize the

main results as follows:

Table 3: Parameter Effects in Case 3
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q k £ =z w p R
i - + 7 + + - +
c + 0 0 0 0 0 O
v 0 — — 4+ 0 0 O
p, 0+ 7 + + — 0
g, 0 0 O O 0 0 —
r 0 - 7 - = 4+ 0
6, O 7 72 — — 4+ 0

2.4 Numerical Results (Preliminary)

We paramatereize the model as follows. Preferences and technology are assumed to take

standard functional forms.

1—e

1—c¢

U(x,h) = Inz+v
f(k ) = ki@
u(g) = 2Bg'"

clg) = Bgq

Terms of trade in the KM are determined through proportional bargaining as in Kalai

(1977), with 6 indexing the share of the buyer.

z(q) = (1 = 0)u(q) + 0c(q)

The maximum amount of physical capital, housing and equities that can be pledged are

Dy (k) = pp(p'+1-0)k
De(e) = pe(y+¢L)e

Dy (h) = py (1 —04) ¢ph
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We begin with the version with a fixed level of housing stock, normalized to 1, i.e.. H =1
and 0, = 0 The baseline choices for the other parameters are as follows. Using a year as
a time period, we choose 8 = 0.96 and d; = 0.06. The parameters governing utility from
housing services are set to ¢ = 0.02 and ¢ = 2. Dividend from equity is equal to about 5%
of steady state output, with v = 0.05. The probability of a needing a loan and the buyer’s
share are both set'® to 0.5 KM preference and production parameters are B = 10,1 = 0.5.
The pledgability coefficients, 1;, are all set equal to 0.3.

While not (yet !) a full-fledged calibration, they serve the purpose of illustrating some
of the theoretical results Figure 1 plots the dependence of various endogenous variables on
policy, i.e. the nominal interest rate ¢ (or equivalently as we discussed before, on inflation).
Increases in interest rate make holding money balances, costly increasing the demand for
alternative sources of liquidity, leading to higher prices for equity and real estate and a
higher level of steady state capital. Given our parameter choces, the substitution effect on
labor supply is stronger than the income effect, causing employment to rise. If interest rates
are high enough, we no longer have a monetary equilibrium, reflected in the flat sections of
the graphs.

The next figure repeats this analysis for a change in y;, the degree of pledgability of
housing. When p;, is sufficiently low, the economy has a monetary equilibrium. In this
region, any changes in liquidity provided by housing is offset by adjustments in the real
value of money holdings, leaving liquidity premia on the other sources of liquidity (viz.
capital and equity) unchanged. In other words, when the supply of housing fixed, p,; has
no effect on output, employment, investment and asset prices in a monetary equilibrium.
In the non-monetary region (i.e. for y; high enough), more liquidity from housing reduces
the liquidity role of capital and equity, driving down investment and stock market values.

The non-monotonic effects on home prices (and home equity) stem from the fact that as

15See Lagos and Wright (2005).
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Figure 1: Effect of the nominal interest rate
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Figure 2: Effect of yu;,, the degree of housing pledgability

liquidity becomes more abundant, the premium attached to liquid assets declines, which can
more than offset the upward effect on demand (and prices) because of greater pledgability.

The Appendix contains similar figures for the other parameters of interest (e.g. gy, fe, H).

Nest step: a full calibration !

3 Means of Exchange or Collateral

3.1 Housing

The analysis so far assumes that payment in the KM occurs only through collateralized
borrowing arrangements. As mentioned earlier, an alternative way in assets can faciliate
trade is as a medium of exchange, i.e. the buyer can hand over the assets to the seller

during the KM interaction, as in Kiyotaki and Wright. We now turn to a deeper analysis
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of whether and when this distinction matters,

First, consider housing. The timing in our baseline analysis is as follows - only the
person who buys the house in the previous AD gets to enjoy the current flow of housing
services, i.e. U(x,h). If a creditor seizes the house following a default, she can can keep it
or sell it, but the current flow of housing services still accrues to the original owner. On
the other hand, if the house is transfered during the intervening KM, neither party gets
to enjoy the housing services in the following period. Then, a mortgage (or a home equity
loan) dominates transfering a part of the house as payment, because it preserves the value of
the current housing services. But one could alternatively assume housing is fungible. Thus,
U(z,h) now depends on the end-of-period position in housing (after trading in the AD).
Then, buyer is indifferent between immediate and deferred settlement of her obligations to
the seller because she can adjust her trades in the market and enjoy the same utility. So,
depending on assumptions, it may or may not matter whether A is used as collateral or a

payment instrument.

For other assets - bonds, equity or physical capital, - timing of the transfer is relevant
only if it has an effect on the fraction of the asset’s value that can be pledged. For example,
a lender might be unwilling to lend credit upto the full value of the collateral because
the debtor can ‘divert’a fraction of the asset before its seizure by the creditor. If this
risk of diversion can be eliminated by the immediate transfer of posession, then the asset
will provide more liquidity as means-of-exchange rather than as collateral. Alternatively,
if source of limited pledgability is asymmetric information (as in Li and Rocheteau), the
seller’s unwillingness to accept assets beyond a certain amount does not change with the
timing of that transfer, i.e. the two modes of payment are equivalent. In the following
subsection, we consider a model where moral hazard limits pledgability and show that

heterogeneity can also induce a strict preference for immediate versus deferred settlement.

34



3.2 Heterogeneity

For simplicity, we focus on a case with only 2 assets - equity and money. We also assume
that the source of limited pledgability is moral hazard - the tree requires maintenance to
retain its full value. Agents in possession of the tree after trading (both centralized and

t16 per tree of yn. A

decentralized) choose a maintenance level n € (0,1) at a utility cos
tree maintained at level n is equivalent to a fraction n of a fully-maintained asset (i.e. one
with n = 1). Now, a debtor might choose to neglect to care for an asset that is pledged
to a creditor, preferring to forfeit it instead of expending resources on its maintenance. In

the Appendix, we show the inability of debtors to commit to maintaining collateral leads

to endogenous limits to pledgability of the form

De¢(e) = pe

xw'’
V+oe

where p = 1 — The Appendix also shows that when all agents face the same
maintenance cost y, then the liquidity value of the asset is the same whether it is used as
a medium of exchange or pledged as collateral.

This is no longer when true when the cost of maintaining the asset differs across agents.
In particular, suppose there are two types of agents with cost levels y'and x2. Without loss
of generality, we let x! < x2. The (commonly known) fraction'” of type-1 agents in the
economy is denoted k. We consider 2 cases. In the first, labeled ex-ante heterogeneity, an
agent’s type is perfectly observed during decentralized trade. In the other case, the agent’s
type is the outcome of a shock which is realized only after decentralized trade and is privately
observed. In the first case, collateralized borrowing will be strictly preferred over borrowing

in some meetings, while the assets will be transferred in others. The intuition is simple -

if one agent is commonly known to be better equipped to hold the asset, then the optimal

'6In the Appendix, we analyze an alternative specification, where the cost of maintenance is denominated
in consumption goods.

17" This could be explicitly modeled as the endogenous outcome of an ex-ante choice of agents to invest in
a maintenance technology.
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arrangement will feature possession by that agent. On the other hand, if differences between
agents emerge after decentralized trading and are privately observed, immediate transfer
can lead to assets facilitating trade to a higher degree than arrangements with deferred
settlement. Intuitively, private information limits the extent to which ex-post liquidity can
be credibly pledged. Thus, assets characterized by observable differences in agents’ abilities
to maintain them are more likely to used as collateral than assets where such differences

are not apparent.

3.2.1 Ezx-ante Heterogeneity

Define

P P j=1,2
E(V—i_d)e)

Note that there are now 4 types of meetings in this economy. When both the seller
and the buyer are of the same type, deferred settlement and immediate transfers lead to
the same outcome. However, if a type-1 buyer meets a type-2 seller, then she is better off
retaining the asset and using it as collateral (because that allows her to pledge upto u! of
the asset’s value in the following AD market) instead of handing it over to the seller (who
values it at a fraction u? < u'). The opposite is true when a type-2 buyer holding an asset
meets a type-1 seller.

As before, depending on parameter values, the equilibrium can be liquid or illiquid,
monetary or non-monetary. In addition, equilibria can also differ, depending on the portfolio
choices whether both types of agents hold both assets and money. For example, there are

3 types of stationary monetary equilibria:
e Case I: Both types hold money
e Case II: Type-2 agents hold only money and type-1 agents only assets

e (Case III: Both types hold assets, only type-2 hold money
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We describe only the first case in detail here (the other two are discussed in the Appen-
dix). Since both types hold money, the level of KM activity is pinned down by the nominal
interest rate, i.e. by (57). However, type-2 agent’s asset holdings will be zero. To see this,

note that the optimality condition for type-1 agents’ asset holdings implies

oo = Bu'(v+) :1+0(z:8;_1>]
(

_ 1 [ . U“"I)
= muv+m>} + ﬂ@ﬂ

1 IR L () N PR U
> Bu(v+9.) | (1 )H1+- g%q)( + (1 )u1>]

The term on the right hand side in the second line is the marginal value of the asset for
the type 2 agent. The inequality obtains because Z—f < 1.

Type-1 and type-2 agents, however, differ in the composition of their liquidity holdings.

The real value of money holdings of type-j agents, m/, are given by

(;SmAl _ B A 1
= 2(q) wxv+¢Jnu
¢mA2 _
it = 2(g)
where
w=1- e
7+ P

3.2.2 Ex-post Heterogeneity

Now, suppose differences between agents arise ex-post, i.e. after decentralized trade. In
particular, assume that the agent-specific maintenance cost x is a random from {x?, x?},
with associated probabilities {x,1—x}. As before, let x! < x2. Importantly, the realization

of the cost becomes known only after decentralized trade occurs'®. Again, we restrict

'8What is crucial is that private information makes state-contingent collateralized borrowing infeasible.
The timing assumption, i.e. the fact that shocks are realized only after decentralized trade, serves to
eliminate any issues relating to asymmetric information.
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attention to stationary liquidity-constrained equilibria. This requires that it is optimal to
fully maintain an unencumbered asset at both cost levels.

If one unit of the asset is transferred to the seller during exchange, she evaluates it at
1 , _
(1) =X

, the per-unit value of the asset to

where ¥ is the expected cost. Defining it =1 — %

the seller can be written as

ﬂ%(v +de)

Thus, the seller discounts the asset by the expected cost she has to incur in maintaining
the asset. What about under collateralized borrowing ? Since the cost is privately observed,
the promise cannot be conditioned on the realization of the buyer’s x. If the following
condition holds

rpt <

the value to the seller is maximized by setting the promised payment equal to a fraction
p2of the asset’s value in the following AD market. With this promised payment, the buyer’s
maintenance constraint binds if her cost realization is high and is slack otherwise. Therefore,

the liquidity value of the asset as collateral is

21

S0+ be)

I

which is strictly less than the value attached to each unit of the asset by the seller. In
other words, an immediate transfer provides more liquidity than a collateralized borrowing

arrangement. This leads to the following result.

Proposition 1 The stationary monetary equilibria of an economy with only collateralized
borrowing features a lower asset price ¢,and KM activity q, compared to an economy where

the buyer can transfer the asset to the seller during decentralized trade.
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4 Other Applications and Extensions

Here, we extend our baseline model from section 2 in several directions - endogenous liquidity

choice, risk, additional markets for trading assets.

4.1 Endogenous Liquidity

Limits to pledgability can also arise when making assets fully pledgable is costly. For
example, a seller might need to We demonstrate this here with an extension that makes an
asset’s liquidity the result of an endogenous choice. For expositional simplicity, we focus on

a monetary equilibrium with a single asset in fixed supply.

4.1.1 Specification I: Fixed cost

We assume that all agents have access to two technologies for enforcement of debt contracts
collateralized by claims on this asset. The first is free and allows sellers to appropriate a
fraction of p; of the asset holdings of a defaulting debtor. The second involves incurring
a fixed cost in the preceding CM, but the enables the appropriation of a greater fraction
o > 1y of the asset upon default. The cost is agent-specific, i.e. agent s € [0, 1] needs to
invest ks € [k, k] to be able to take advantage of the superior enforcement technology.

Let ¢ denote the (endogenous) fraction of agents who choose to invest in the fio-
technology. Let o denote the probability that any given agent will be a seller (and symmet-
rically, a buyer) in the KM. Conditional on being a seller, her type is determined by her
decision to invest in the superior enforcement technology in the preceding CM. Conditional
on being a buyer, x also represents the fraction of her meetings that are of type 2, i.e. with
pledgability u,. Then, from the buyer’s perspective, the probability of a type 1 meeting,
aq, is given by a(l — &) and that of a type 2 meeting is af.

Let A(§) denote the benefit to the seller from having access to the superior enforcement

technology, where we emphasize the dependence of the benefit on &, the fraction of sellers
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with access to the py technology.

A = (2(q2) — clg2)) — (2(q1) — c(q1))

where ¢1, g2 represent KM production levels at the two types of meetings.

Without loss of generality, we order agents so that kg is increasing in s and let H(-)
denote the corresponding cdf, i.e. H(s) is the fraction of agents with a cost less than or
equal to ks. Then, in equilibrium, the fraction of agents who chose to invest in the p,

technology, denoted &, is given by

£=0 if foA<r (45)
= H(s) if BoA = ks (46)
=1 if BoA >k (47)

Define

T(§) = H(max{s : ks < foA(§) })

The characterization of the equilibrium with endogenous enforcement capacity is com-

pleted by the following fixed point relationship:

§=T() (48)

The following assumption lists conditions which guarantee that there is at least one

solution to (48).

Condition 1 In the region (0,q*), the function g satisfies both the following conditions:

1. g(q) — c(q) is increasing.

<

(g2) < ¢

2 (q1) cggfg for any q1 < go.

«Q

These conditions are met, for example, under proportional bargaining a la Kalai Kalai

(1977). In this case, the seller’s net surplus from a type j meeting is simply (1 —0)- (u(q;) —
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c(gj)), where 6, a parameter, indexes the share of the total surplus appropriated by the

buyer. The next lemma establishes monotonicity of A when Assumption 1 holds.
Lemma 1 A(E) is increasing.

Proof. In the Appendix. =

This result allows us to apply Tarski’s fixed point theorem to (48) and thus, ensures
existence of an equilibrium. Note that, in general, there can be multiple solutions to (48).
In particular, depending on the support of ks, we can have equilibria where no one invests
in the uy-technology (i.e. & = 0) or everyone does (§ = 1). There could be multiple interior

fixed points as well.

4.1.2 Specification II: Continuous cost

Here, we consider an alternative technology for investing in pledgability. Instead of a fixed
cost, the ex-ante investment required is now described by a continuous function, I'(u),
increasing and convex. Note that the marginal value to a buyer of increasing p is simply

1 + 6. Then, an equilibrium with an interior choice for p is characterized by the following

fixed point problem:
I'(p) = B(de(p) +7)i (49)

where we make explicit the dependence of asset prices on pu. Note that, in a monetary
equilibrium, asset prices are strictly increasing in the degree of pledgability. A sufficient

condition for the existence of an equilibrium with g > 0 is

I'(0) < B(2 + )i

As with the fixed cost specification, we can have multiple equilibria.
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4.2 Liquidity Risk

In this subsection, we extend the deterministic model by introducing risk along two im-
portant dimensions. The first extension makes asset dividends stochastic, while the second
introduces heterogeneity and uncertainty about meetings. We show that liquidity risk is an
independent source of variation in returns across assets. Intuitively, assets which provide
liquidity in states when it is needed the most command a higher premium (and therefore,

earn a lower rate of return).

4.2.1 Stochastic Dividends

Suppose the dividend stream 7 is an iid random variable, with mean 6. The realization of
this variable is known during KM trade. Then, in a stationary monetary equilibrium, the

average return on an asset are given by

Ya
f g = ®atTa 1T _“aCOV(Awu)
T g, 1+ g, 1+ ipg

(50)

The first term is the standard liquidity adjustment from the deterministic case studied
earlier. The second term is an adjustment for liquidity risk. The asset earns a lower return
if it has higher dividend payouts in states when liquidity is most valuable (), is high).

We can also use (50) to analyze return differentials in an environment with multiple
assets. Consider an extension of the benchmark model with 2 assets. The first asset,
denoted b, is ‘riskless’, i.e. pays off the same dividend in every state and is fully pledgable,
i.e. pp = 1. The second, denoted e, has a risky dividend stream and is illiquid, i.e. p, < 1.
Then, the excess return earned by the risky asset consists of both a liquidity premium and

a liquidity risk premium, as the following decomposition reveals:

e
b Wi (1o OO (o)
1+i \1+in, 1+ ip,
Liquidity Premium Liquidity Risk Premium
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4.2.2 Risky Meetings

Now suppose there are 2 types of meetings and 2 types of assets. Both assets have the
same average liquidity i.e. Eu% = Epf, where the expectation is taken over meetings. But,
asset A has the same liquidity in both meetings, i.e. pl = p% while asset B has higher
liquidity in one of the meetings, i.e. is ‘risky’. Then, it trades at a lower liquidity premium

(or equivalently, its accounting rate of return is lower),

5 Conclusion

TO BE ADDED.
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Appendix A Numerical Results

The following graphs plot various endogenous variables as function of exogenous variables,
given the parameterization strategy in Section 77.
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Figure 3: Effect of equity dividend,

In a non-monetary equilibrium, higher equity dividend leads to higher equity values
(and therefore, more liquidity), leading to lower investment and home prices. In a monetary
equilbirium, however, factor and asset prices are pinned down by policy, leaving consumption
in both markets unchanged (in the AD market, through the household labor-leisure choice)

An exogenous increase in the supply of homes lower their relative price and therefore,
the amount of liquidity they provide. As before, whether this leads to higher liquidity
premia on comepting providers of liquidity depends on whether we are in Case 2 or 3.

The effects of higher equity pledgability on other assets are similar to the housing pledga-
bility case discussed in the text. Notice the non-monotonic effects on stock market valua-
tions.

The non-monotonicity referred to earlier (in the discussion related to p, and py,) shows
up here on quantities (because the relative price of capital is fixed, by assumption, at 1).
Also, for sufficiently high u,, the available liquidity is more than enough to purchase ¢*,
eliminating all liquidity premia.
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Figure 4: Effect of housing stock, H
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Figure 5: Effect of equity pledgability
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Figure 6: Effect of capital pledgability, u
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Appendix B Pledgability with moral hazard

This section studies an alternative source of moral hazard, one that arises when assets
require maintenance to retain their full value. In such an environment, a debtor might
choose to neglect to care for an asset that is pledged to a creditor, preferring to forfeit it
instead of expending resources on its maintenance. We will show the inability of debtors
to commit to maintaining collateral leads to endogenous limits on the extent of liquidity
provided by assets. The form of these limits is very similar to the ones that result from the
threat of diversion, but the nature of the moral hazard problem here leads to additional
effects in response to policy changes.

For simplicity, we focus on a case without physical capital, i.e. there are only 2 assets -
the Lucas tree and money. The key feature is that the trees have to be maintained between
periods i.e. after trading - both centralized and decentralized - ends. Agents in possession
of the tree choose a maintenance level n € (0,1) at a utility cost (later, we consider a
specifcation with resource costs) per tree of xn. A tree maintained at level n is equivalent
to a fraction n of a fully-maintained asset (i.e. one with n = 1) and so yields a dividend of
nvy and trades at a price n¢, in the following AD market.

As before, in the KM, an agent can use the asset as collateral, but, importantly, she
cannot commit to a maintenance level. If she defaults on the obligation, the creditor seizes
the asset, but has no other recourse.

Consider the maintenance choice problem of an agent whose tree holdings are given by
e and has an obligation D, denominated in the AD consumption good, collateralized by her
asset holdings.

1
w/

max {max [n(v+¢.)e—D, 0] — nxe}

n

Again, we restrict attention to stationary equilibria, which requires that the effective
supply of the asset stays constant over time. A necessary condition is %(’Y+¢;) > y. If this
holds, conditional on deciding to maintain the asset, the agent will choose the maximum
level n = 1. The optimal policy is then characterized by

i 1 1
n* =1 if JD < Je(’y +¢L) —ex
=0 otherwise

Let p be defined by

/

Xw
v+

If n* = 0, the asset is worthless and the creditor gets nothing. Therefore, the limit on

X=oHe)i-pn > p=1- G1)

the amount that can be credibly promised with a units of the asset as collateral is
De(e) = pe

Thus, the inability to commit to maintenance leads to a pledgability restriction to the
portfolio problem of the buyer (which is formally stated in following subsection). Note that

51



u is taken as given by both the buyer and the seller, but it is an equilibrium object (and
therefore, not immune to policy).

The Portfolio Choice Problem

The buyer’s problem is given by

LA =266 — i — e+ alule) — 2(0)] + 6 (7 + dL)é + ]
subject to
() = — [+ 6)de + ]
1 1
S )de < S(y+ @ né
1

1 .
J ¢/dm S J ¢/m

This yields the following optimality conditions:

_ u'(g) )
Ao = Ao (53)
Am > Ao with equality if d,, >0 (54)
1 _ 1 / UI(Q)
;Qbe - BHJ(’Y + (be) |:1 +o <Z/(Q) - 1>:| (55)
1o > gty [1 e (“l(Q) - 1)] with equality if 7 > 0 (56)
w w’ '(q)

Types of equilibria
Case I: (Liquid) If the asset does not facilitate exchange at the margin, then

L+ 8 =6101+ 0
w w

1,
6, = g =X _ By

= =
1
S(1=p) 1-pu
1., _
o X

where (4 is obtained by plugging the asset price in (51).
In this equilibrium, asset returns are

S
be B

i.e. the measured rate of return on the asset includes an adjustment for the cost of
maintaining the asset.

1+7r, =
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Case II: (Illiquid non-monetary) The expressions for asset prices and returns are
the solution to the following system of equations:

Ly—x  Buy

O T R
j— ST X
57— Bx
Te = i -1
B
2a) = = [y + 6.4

p=opee [ )y

Thus, insufficient liquidity leads to an upward adjustment to the discount factor (i.e.
B > [3). Note that we need this adjusted discount factor B to be less than one (i.e. the
shortfall in liquidity cannot be too severe) for u to be well-defined.

Case III: (Monetary) Now, the nominal interest rate pins down the level of activity

in the KM
i=o [“/(Q) - 1] (57)

Z(q)

The expressions for asset prices and returns take the same form as in Case II,

- ly—x  Buy

=T s T 1
po BITX
Ly —Bx
1
Te:T—l
i B
B =pB(1+1)

It is easy to see that p increases'® with 8 and therefore, with 4. Intuitively, tighter monetary
policy increases asset prices and therefore, makes it easier to provide the right incentives
for maintenance. This in turn allows a greater degree of the asset’s value to be pledged
credibly. This effect on pledgability amplifies the response of asset prices and returns to
monetary policy (i.e. relative to a world where p is invariant to policy as in Section 77 ).

Proposition 2 (The Fisher effect: ) In a stationary monetary equilibrium, an increase in
1 reduces the measured accounting rate of return, re.

19This need not be true if capital also provides liquidity value. In that case, an increase in i also raises
the capital-labor ratio (and therefore the steady-state w), which has a negative effect on p. This effect is
absent if the maintenance cost is denominated in terms of consumption goods.
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B.1 Moral Hazard with Resource Cost of Maintenance

Suppose maintenance requires x units of the consumption good. The analysis is very similar,
except that p is now given by

p=1-
(0+7)

i.e. the degree of pledgability no longer depends on the marginal utility of consumption.
This specification might make it easier to deal with liquid productive capital. If the main-
tenance cost is in labor units, then many results will depend on the effect on the marginal

rate of substitution between consumption and leisure.

B.2 Equilibria under ex-ante heterogeneity:

Here, we characterize the complete set of stationary monetary equilibria when the types of
agents is commonly known. In addition to the case considered in the main text, there are
two other types of equilibria:

Case II: (Type-2 agents hold only money and type-1 agents only assets)

Now, we have 2 levels of KM production: ¢' for meetings with type-1 buyers and ¢? for
those with type-2 buyers. The latter is determined as usual by (57). The former is given by
the solution of the system of equations that characterize the illiquid monetary equilibrium
above, with a per-buyer asset supply of % (instead of A). For this to be a valid equilibrium,
type-2 (resp. type-1) agents should not have any incentive to hold assets (resp. money),
ie.

éw Bt (v + o) [(1 - ")Zj ol <”” - “)Ziﬂ

o #'(q)
o

Combined with the optimality conditions for asset and money holdings, the second

v

condition implies that ¢! > ¢2, while the first one says that ¢' cannot be too high relative
to ¢2. To see this, note that the first condition can be written as

o) e o) (25

This bounds, from above, the shadow value of liquidity for type-2 agents (Z,(qQ) — 1)

relative to that of type-1 agents(::&li; - 1)’

Case IIT (Both types hold assets, only type-2 hold money)
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In this case, the equilibrium is characterized by the solution to the following system of

i = avw%—q

2'(q?)

equations:

2 u/ 2
S = Bttt o) |- o)l e (e -l )
u/ 1
éqse = Bﬂlé('y—i_qbe) [1+U (2/5313 - 1>:|
Ml — 1_6‘)7)(1
(v + ¢e)
2 _ . u)XQ
A T D)

The asset and real balance holdings are then given by plugging in quantities and prices
from the above system into the following and solving for {a!, a2, m?}.

1 .
Ad') = Sy +ealp
. 1 .
2(¢?) = m2+;(’7+¢/€)azu2
1 = a'v+a*(1—k)

As with Case II, we need to make sure that type-1 agents do not have any incentive to

hold money, i.e.

iz(ﬁw@w_q

'(q")
Appendix C Proof of Lemma 1
We consider 3 cases
e Casel: g1 =g = ¢*
e CaseIl: ¢1 < g0 = ¢*
e Case IlII: g1 < g2 < ¢*

Obviously, in case I, A = 0 for all £. In case II, note that

B 01+ 7))y
(@)= r—Bo(l—&)Lig)m

where f/(q) = u:(q) —1. Then, ¢; decreases when more sellers have the superior enforcement
'(q)

; i S(A+r)py N
technology. Suppose otherwise, i.e. g1 T Then, z(q1) T = (LB E(am T = fo(1
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)L(q1)pu 1= L(q1) 1 = @1 |, contradicting the original claim. Therefore, an increase in
¢ leads to an decrease in ¢;. Since z(q) — ¢(q) is increasing by assumption, it is easy to see
that A = (2(¢*) — c(¢*)) — (2(q1) — ¢(q1)) rises with &.
In case III, the quantities ¢; and ¢s are the solution to the following system of equations
i=a(l—&)L(q) + a€L(gq2) (58)
6(1+r)(pg — p1)
r—o(l—x)L{q)p — o€L(g2) s

where L(q) = Z:EZ; — 1. Taking the derivative with respect to x, and rewriting in matrix

< Qu Qo ) g\ i(gﬂ —E(CD)N
Qo1 Qoo %—qg - %(L%QQ/Ll_L/(Qﬂl@)

Qi =Q1-x)L(q1)o
Q12 = xL'(q2)o

Qo1 = 2'(q1) + ma(l &L (q1)m

Qoz = —2'(q2) + Z(jz)_;E;%h)afil(%)M

It is straightforward to show that the determinant I of the coefficient matrix on the

2(q2) — z(q1) = (59)

notation,

where

left-hand side is positive. Solving,

b G — ) (L)~ Llan)) + S g L) = ) (60)
B e = =) (Lo~ Liaw) - X250 O L) el =) (61
Next, we note that
Te = (@)~ ) G2 - (e — ¢la) g
Substituting,
8A ! / ! / T T
5 = @)@ - Z@d@) (La) - L) (62)
- ) - ) 0o o I - ) (@)
r—EuL
~ )~ ) I 1 4) L) 1 — ) (64)
r—EuL

Now, L' (¢q) < 0. Also, by the first statement in Assumption 1, the seller’s surplus is
increasing in ¢, i.e. 2'(q) — ¢(¢) > 0, making the second and third terms positive. The
second statement of Assumption 1 makes the first term positive as well, completing the
proof.
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