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As | said yesterday, ny lectures are based on joint research with Nobu
Ki yotaki of the L.S.E

In case sone of you couldn’t be here yesterday, today’'s |lecture

will be self-contained. But occasionally I'll need to recap.

Econom sts’ views on noney

Money. Econonmists’ attititudes towards noney vary a great deal. As a
rough classification, there are three groups. The first group m ght be
descri bed as "nonnonetarists". A nonnonetarist is soneone who thinks that

nmoney doesn’'t matter.

Nobu spent last year at MI.T. He got into a discussion about noney

and the paynents system One of his colleagues said, "Ch, noney, the

paynments system-- it's all just plunbing." Thus speaks a nonnonetari st.
Actual ly, the plunbing analogy is revealing. 1In a well-functioning
pl unbing system the flowis all in one direction. The same could be said of

much of nodern nmacroecononics. Nobu's MI.T. colleague is a signed-up nenber
of the SSE.D. -- the Society for Econom c Dichotomists. S.E D. nenbers work
out quantities first, and then, if they feel in the nood, back out asset

prices. There's a one-way flow fromquantities to asset prices.

O course if the plunbing systemfails -- if there is a bl ockage -- the
system becones unpl easantly two-way. Wen it cones to plunbing, feedback is

not good news.

When it cones to the macroeconony, however, we contend that there are
rich two-way interactions between quantities and asset prices. W believe
that these interactions are of first-order inportance. It’'s inadequate to
think of noney in terns of plunbing. A better analogy is the one | gave
yesterday: the flow of noney and private securites through the econony is
like the flow of blood. And prices are like the nervous system Just as

there is a conplex interaction between the body, the nervous system and the



flow of -bl ood, so there is a conplex interaction between quantities, asset

prices, and the flow of -funds.

Qur nodel is of an econony in which noney is essential to the
al l ocation of resources. Let ne define such an econony as a "nonetary
econony". There will be no nonminal rigidities, and cash will not be inposed

on the econony as a necessity.

I want to show you that, in the context of such a nonetary econony, a
nunber of fanous puzzl es can be better understood. Anmong the anomalies
have in mnd are: the excess volatility of asset prices; the equity premnium
puzzle and its flip-side, the lowrisk-free rate puzzle; the anomal ous

savi ngs behavi our of certain households, and their low rates of participation

in asset markets. | want to persuade the nonnonetarists anmong you -- perhaps
you should be called "realists" -- that these apparent anonalies of the "rea
econony" are in fact normal features of a nonetary econony. It is precisely

because there is an essential role for noney that these so-called puzzles

ari se.

The second group m ght be described as "pragmatists”. A pragnatist is
soneone who wants to get on with the job of analysing and advising on
nmonet ary policy, nonetary union, and nmacroeconom ¢ nmanagenent generally. He
or she needs a nodel of noney to use. The |eading off-the-shelf nodels these

days seemto be cash-in-advance and dynanic sticky price nodels.

There are wel |l -known concerns about those nodels. Mney can be seen
nore as grit-in-the-systemthan a lubricant in the nodels, so they aren’t
nodel s of a nonetary econony as | have defined it. The peculiar role of noney
is inposed rather than explained, so the nodels do not satisfy the Wall ace
Dictum In his dictum Neil Wallace exhorts us not to nake noney a prinitive
in our theories. Equally, he would argue that a firmshould not be a
primtive in industrial organization theory, and that bonds and equity should

not be primtives in finance theory.

The Wallace Dictumdoesn’t cut much ice with the pragmatists. After
all, they would argue, industrial econonics and finance theory have been

remarkably successful in taking firnms, bonds and equity as buil ding bl ocks --



wi t hout opening up the contractual foundations. So why not assune cash in
advance to get on with our nmacroeconomics? |It's fair to say that nonetary
policy analysis would be in a bad shape were it not for the cash-in-advance

short cut.

Nevert hel ess, we want to know about the effectiveness of nonetary policy
in a context where noney is essential rather than grit in the system and
where there are no nonminal rigidities. The mediumrun, perhaps. The nodel
this evening will show that open nmarket operations are indeed effective, but,

interestingly, in a way that depends on the full tinme path of policy.

More generally, we want to have a broader understanding of liquidity.
Keynes, Tobin, and even Friedman, weren't focussed on the narrow noney/bonds
tradeoff; they were concerned with policy across the entire spectrum of
assets: noney, bonds, equity, physical capital, and human capital -- each
differing in its degree of liquidity. Cash-in-advance or dynanic
sticky-price nodels are not well suited to answering |arger questions to do
with liquidity. By the end of nmy talk, | hope | will have convinced the

pragmati sts anong you we have made sonme progress on this front.

The third group m ght be described as "fundanentalists". A
fundamentalist is sonmeone who cares deeply about what noney is and how it
shoul d be nodelled. A fundanmentalist builds pukka nodels that satisfy the

Wal | ace Di ctum

In recent years, the nodel on which the fundanentalists have | avi shed
nost attention is based on a random matching framework. A nmatchi ng nodel
captures the ancient idea that noney lubricates trade in the absence of
formal markets. Wthout noney, opportunities for bilateral trade would be
rare, given that a coincidence of wants between two people is unlikely when

there are many types of good.

The mat chi ng nodel s are wi t hout doubt ingenious and beautiful. But
it’s quite hard to integrate themwth the rest of nmacroeconomic theory --
not | east because they jettison the basic tool of our trade, conpetitive
markets. The jury is out on what they will eventually deliver. But | am

rem nded of a commercial fromthe early days of Scottish television. The



comercial was for a strong beer, known as "ninety shilling" in Scotland.
The wonan at the bar sips her glass of ninety shilling, w nces, and says: "Oh
it'’s too strong for me. But | like the men who drink it." | guess that's

how | feel about the random nmatchi ng nodel .

Recap on lecture 1

Let nme briefly recap on yesterday's lecture. Nobu and | see the |ack
of coincidence of wants as an essential part of any theory of nobney. But not
necessarily over types of good. Rather, the enphasis should be on the |ack
of coincidence of wants over dated goods. For exanple, suppose you and
meet today. What day is it? Tuesday. | may want goods from you today to
invest in a project that yields output in two days' tine, on Thursday. You
have goods today to give ne, but unfortunately you want goods back tonorrow,
Wednesday. Thus we have a | ack of coincidence of wants in dated goods:

want to borrow long-term you want to save short-term

Wth this switch of enphasis, fromthe type dinension to the tine
di mensi on, conmes a change in nodelling strategy. W no |onger need to assume
that people have difficulty neeting each other, as in a random nat chi ng
nodel . Wthout such trading frictions, we can breathe the pure oxygen of
perfectly conpetitive markets. |In fact, you'll see that in this evening's
nodel there is only one departure fromthe standard dynam c genera

equi i brium frameworKk.

I nstead of assumi ng that people have difficulty nmeeting each other, we
assune that they have difficulty trusting each other. There is limted
commitnent. |f you don't fully trust ne to pay you back on Thursday, then |
am constrained in how nuch I can borrow fromyou today. And tonorrow, you
may be constrained if you try to sell nmy I1QUto a third party, possibly
because the third party nmay trust me even |l ess than you do. Both kinds of
constraint, ny borrowing constraint today and your resale constraint
tonorrow, conme under the general heading of "liquidity constraints", and stem
froma lack of trust. We think that the lack of trust is the right starting

point for a theory of noney.



You will see that these two kinds of liquidity constraint are at the
heart of the nodel. Not only do entrepreneurs face constraints when trying
to raise funds, to sell paper; but also, crucially, the initial creditors,

t he people who buy the entrepreneurs’ paper, face constraints when passing it
on to new creditors. That is, not only am| constrained borrow ng fromyou

t oday, Tuesday, but also you are constrained reselling ny paper tonorrow,
Wednesday. It’'s your "Wednesday constraint" that is unconventional, and adds

the twist to the nodel

The nodel | presented yesterday was deternministic, both in
aggregate and at the individual level. Al so, |I focussed on inside noney --
the circulation of private debt. Only at the end of yesterday's lecture
did | touch on the fact that outside noney (non-interest-bearing fiat
nmoney) mght circul ate al ongsi de inside noney -- provided the liquidity

shortage is deep enough. For nobst of the lecture, there was no fiat nopney.

The advant age of such an approach is that it teaches us that noney and
liquidity may, at root, have nothing to do with uncertainty or government.
O course, the disadvantage of yesterday’'s nodel is that it is a hopeless
vehi cl e for thinking about governnent policy in a business cycle setting.
That is the purpose of this evening' s lecture: to nodel fiat noney

explicitly, in a stochastic environnent.

The node
The nodel is an infinite-horizon, discrete-tine econony. At each date
t, in aggregate there are Y, goods produced froma capital stock K . Goods

t t
are perishable. Capital is durable.

In addition, there is a stock of nmoney, M Mney is intrinsically
useless. Later | will be introducing a government, which adjusts the noney
supply, so Mwll have a subscript t. |Indeed, at that point, you could
reinterpret h4 as government bonds. But for now, think of Mas the stock of

seashel | s.

There is a continuum of agents, with neasure 1. Each has a standard



expected discounted logarithnmic utility over consunption of goods:

0
S
Et § B~ log Ci 4
s=0
B is the discount factor. Whenever | use a Greek letter it refers to an

exogenous paraneter lying strictly between 0 and 1

Al'l agents use their capital to produced goods. |f an agent starts date

t with kt capital, by the end of the date he will have produced rtkt goods:

rtkt goods
kt capital  ------- >
Akt capital
start of end of
date t dat e t

A is the depreciation factor. Notice that depreciation happens during the

period, i.e. during production, not between peri ods.

I ndi vidual Iy, production is constant returns: the productivity M is

paranetric to each agent. But in aggegregate there are decreasing returns:

_ o1
FELT
whi ch is decreasing in the aggegrate capital stock Kt' Aggregate output is
of course increasing in Kt
T Tk

One interpretation to have in nmind is that there is a nmissing factor of



production, such as |abour. The underlying technol ogy has constant returns
to capital and labour. The expression for M here is a reduced form taking
into account the aggregate |abour supply. Qur witten paper nodels workers

explicitly, but inthis lecture let’s keep themin the background.

The technol ogy paraneter a, follows a stationary Markov process in the

nei ghbour hood of sone constant |evel a.

So all the agents produce goods fromcapital. But in addition, sone of
the agents produce capital fromgoods. Specifically, at each date t, a

fraction m of the agents have what we call an "investnent opportunity": it

goods invested at the start of the period nake i, units of new capital by the

t
end of the period:

it goods  -------- > it new capita
start of end of
date t date t
Notice that the technol ogy has constant returns -- in fact it is 1 for 1

Al so, notice that new capital cannot be used for the production of goods

until the next period.

An agent | earns whether or not he has an investment opportunity at the
start of the day, before trading. The point to stress here is that the
chance to invest comes and goes. |nvestment opportunities are i.i.d. across
peopl e and through time. The problemfacing the econony is to funne
resources qui ckly enough fromthe hands of those agents who don't have an
i nvestment opportunity into the hands of those who do -- that is, to get
goods fromthe savers to the investors. O course, to inplement this in a
decentralised environment, investors nmust have something to offer savers in

return -- and that will prove to be the nub of the problem

It sinplifies the dynam c analysis later on to make the mild assunption
that the fraction of investors, m is greater than the depreciation rate,

1-A, which in turn is greater than the discount rate, 1-8:



n > 1-2 > 1-38.

Capital is specific to the agent who produced it. But he can nortgage
future returns by issuing paper. Nornalise one unit of paper issued at date

t sothat it is a promse to deliver r +1 goods at date t+1, Art+2 goods at

t
date t+2, Azrt+3 goods at date t+3, on so on. In other words, the profile of
returns matches the return on capital. The returns depreciate by A each
period. And, viewed fromthe date of issue, they are stochastic. One can

t hi nk of paper as an equity share.

At each date t, there are conpetitive markets. Let 9, be the price of
a unit of paper, in ternms of goods. And |et Py be the price of nmoney, in
terms of goods. Beware that this is upside down: usually Py is the price of
goods in terns of noney. But we don't want to prejudge whet her or not noney
will have value. |ndeed, for a range of paraneter values, noney wll not

have any value. So it’s sensible to nmake goods the nuneraire.

| want to rule out insurance. That is, an agent cannot insure agai nst
havi ng an investnent opportunity. Since all agents are essentially the sang,
what | amreally ruling out is sone kind of mutual insurance schene. A
vari ety of assunptions could be nade to justify this. For exanple, it nay be
i mpossible to verify whether an agent has an investnent opportunity. O it
may take too long to verify -- by the tinme verfication is conpleted, the
opportunity will have gone. Wth asymetric information, self-reporting
schemes woul d have to be part of an incentive-conpatible long-term
multilateral contract: agents would have to have an incentive to tell the
truth. Recent research suggests that truth-telling may be hard to achieve
when agents have private information not only about their investnent

opportunities but al so about their asset hol di ngs.

Anyway, we believe that, in broad terns, our results would still hold
even if partial insurance were feasible. But for now!| want sinply to rule

out all insurance.



Now to the two central assunptions. First, an investing agent can

nortgage at nost a fraction 6, of (the future returns fron) his new capita

1
producti on.

an investing agent can nortgage at nost a fraction 91

of (the future returns fron) his new capita

As a result, investment may not be entirely self-financing. An investing
agent may face a borrowing constraint. A variety of noral hazard assunptions

coul d be appended to justify 86 For exanple, if an agent conmmits too great

a fraction of his future outpug he will default. (As we have defined it,
paper is default-free.) Note that we nust also assune sone degree of
anonymty, to rule out the possibility that social sanctions can be used to
deter default. W don’t want to get into supergame equilibria where agents
can be excluded fromthe narket. Anyway, w thout further ado, | make the

crude assunption that @, is the nost an agent can credi bly pl edge of the

1
output fromnew capital at the time of the investnent.

The second central assunption is just as crude, but is non-standard.

want to assunme that at each date, an agent can sell at nobst a fraction 92 of

hi s paper hol di ngs.

at each date, an agent can resell at nost a fraction 92

of his paper hol di ngs

The point is that if an agent turns out to have an investnment opportunity at
sonme date, then, before the investnent opportunity di sappears, he can

exchange only a fraction 6, of his paper holdings for goods to be used as

2
input. This does not mean that he is lunbered with hol ding the residua

fraction, 1 - 92, for ever. He can sell a further fraction 92 of that

10



residual at the next date. |In other words, he could eventually sell off his
entire paper holding, but it would take tine time, because he would have to

run it down geonetrically, at the rate 8, Think of this as peeling an onion

slowy, layer by |ayer

92 measures the liquidity of paper, and is to be distinquished fromthe

liquidity of noney (whose 92 equals 1).

One natural justification for 6, is that a potential buyer of paper

needs to verify that the paper is secﬁred agai nst a bona fide investnent
project. He needs to inspect the project’s assets. But this takes tine. By
the tine the buyer has finished inspecting, it may be too late for the seller
of the paper to take advantage of his investnment opportunity. |In this race
bet ween verifying the existing assets and investing in new assets, 8, is the

2
probability that the verification finishes first.

A better nodel would have the sale price of paper be a function of how
fast it is sold -- on the grounds that anything can be sold quickly, as |ong
as the price is |l ow enough. Fascinating though that is, | want to stick to
the crude assunption that agents face a resaleability constraint that

preclues themfrom divesting nore than a fraction 8, of their paper holdings

per period. At the end of the lecture I will review the assunption. But for

now let’'s see where it | eads.

Both constraints, the borrowing constraint 8, and the resaleability

1

constrai nt 6,, come under the heading of "liquidity constraints". They are

the twin pillars of the nodel. Wre 8, equal to 1, new investnent would be

self-financing, and the liquidity of agents’ portfolios would be imuateri al
And were 92 equal to 1, there would be no difference in liquidity between
nmoney and paper, and the purpose of our analysis would be |ost.

Recall fromyesterday’'s |ecture the menonic: The subscript 1 on 91
denotes a constraint on the initial sale of paper by an investing agent to a
saver. And the subscript 2 on 92 denotes a constraint on the resale by this

saver to another saver at a |l ater date.

In terms of the Tuesday/ Wednesday/ Thursday exanple | gave earlier, 91

11



corresponds to my borrow ng constraint on Tuesday. And 92 corresponds to

your resaleability constraint on Wdnesday.

In a world where 91 and 92 are both strictly less than 1, an agent has
three kinds of asset in his portfolio: noney, paper and unnortgaged capital
We don’'t really need or want to have a nodel with three assets: two would be
enough to get us going. Mreover, the three-asset nodel would be extrenely
hard to anal yse because aggregati on woul d be inpossible by hand. W don’t
want to have to keep track of the distribution of asset hol dings -- renenber
that although the agents are intrinsically identical, they have individua

hi stories of investnent opportunities.

Wth this all in mnd, it helps enornously to nmake the follow ng
simplifying assunption: at every date, an agent can nortgage up to a
fraction 91 of his unnortgaged capital stock. In other words, the onion
anal ogy applies to the nortgaging of capital as well as to the sale of paper
Al so, let us assune that 91 and 92 equal sonme common value, 6. The upshot is
t hat now paper and unnortgaged capital are perfect substitutes as neans of
saving. They yield a common return stream declining by a factor A. And
they have the sane degree of liquidity: a fraction @ can be sold for goods in

each peri od.

Thanks to this sinplifying assunption, an agent in effect holds only

two assets: a liquid asset, nmoney; and an illiquid asset, paper plus
unnortgaged capital. Paper and unnortgaged capital night better be described
as sem-liquid, but et me use the adjective illiquid, in contrast to

perfectly liquid noney. At the start of date t, let m denote the noney an
agent holds, and |et N denote the quantity of paper plus unnortgaged capita
t hat he hol ds.

The sinplification also enables us to collapse the borrow ng constraint

6, and the resaleability constraint e

1 into a single liquidity constraint (*):

2

12



N 41 = (1 - e)(it + Ant) (*)

paper hol di ng new capit al paper hol di ng

pl us unnort gaged producti on pl us unnort gaged
capital stock during t capital stock

at start of t+1 (if any) at end of t

The paper plus unnortgaged capital that an agent holds at the start of period

t depreciates to an, by the end of the period, but may have been augnented by

t

new capital production i, if the agent was |ucky enough to have an investnent

t

opportunity. The borrowi ng constraint says that only a fraction 6 of it can

be sold, and the resaleability constraint says that only a fraction 6 of Ant
can be sold. Al in all, the agent nust hold at least (1 - e)(it + Ant) of

paper plus unnortgaged capital at the start of period t+1

It is cunbersome to keep saying "paper plus unnortgaged capital" every

time, so let me sinply say "paper" as a shorthand for the sum of the two.

So that is the set-up of the nodel. Let’s turn to some prelimnary

results.

Prelimnary results

First, if @ is large enough, the single liquidity constraint (*) does
not bind in the nei gbourhood of steady state, and the econony runs at
first-best. Specifically, if 8 is above some critical level 6*, which is
strictly less than 1, then at each date t the price of paper, q; equal s the

production cost of capital, 1. That is, Tobin's q equals unity. And the

rate of return on paper -- i.e. tonorrow s return M+l pl us depreciated val ue
Aqt+1 di vided by today's price 9 -- equal s the subjective rate of return
"te1 T Mia _ 1
a; B

13



(This is for a, = a.) Since 9, and 9% 41 equal 1, this pins down the value of

Mie1 = (1 - BA)/B, and we can invert the aggregate production function to

find the first-best |evel of the aggregate capital stock, K*.

There is no role for noney here: Py equal s zero. The paper market is
sufficiently liquid that enough resources -- goods -- can be transfered from

the savers to the investors:

SAVERS goods g | NVESTORS
(agents (agents
wi t hout with
i nvest ment i nvest ment
opportunity) <____bébéF ——————— opportunity)

The fact that the paper line is pecked rather than continuous connotes the

i dea that the flow of paper is subject to the liquidity constraint (*).
Suppose 6 lies strictly between 8* and 1. Then al though paper is not
perfectly liquid, investing agents are indifferent between investing and not,
and in equilibriumthey are inside their liquidity constraint. Enough
resources are being funnelled fromsavers to investors to nmaintain the
first-best |evel of aggregate capital stock K*. The exact value of m, the
fraction of agents who have an investnent opportunity is inmaterial. Since
the production of capital has constant returns, it does not matter exactly
how many people do it. Also insurance would be irrelevant, since people are
i ndi fferent about whether or not they have an investnent opportunity: the

rates of return on saving and investnent are the sane.

However, m cannot be too small. The smaller the fraction of investors,
the narrower the funnel, and the greater the strain on the flow of paper. To
put this another way, as w falls, the critical degree of liquidity needed to

sustain first-best, 6*, rises.

W are interested in the regine where the first-best cannot be

sustai ned. For & below 6*, the strain on the paper nmarket is too great. The

14



supply of paper that investing agents are able to sell is too small. The
price of paper, q; is thereby raised -- Tobin's g is above unity. Each
investing agent is liquidity constrained: he has access to a constant-returns
technol ogy for the production of new capital whose unit cost, 1, is strictly
| ess than the market price of the return flow, q; - Unfortunately he can only
nortgage a fraction 91 = o0 of that flow, and the val ue of 9, times 6 is
strictly less than the cost 1. Hence his scale of operation is determ ned by
his flow of funds. To nmaxim ze production, he sells as many of his assets as

he can, subject to the binding liquidity constraint (*).

If 6 is sufficiently far below 6*, there is a role for nopney.
Specifically, we learn fromProposition 1 that if 6 is strictly bel ow sone
N
smaller critical value 8, then there is a nonetary equilibriumwth Py greater

than zero

N
Proposition 1. For 6 below sone critical value 6 < 6*,

pt>0 and qt>1

i n the nei ghbourhood of steady state.

At its sinplest, nmoney is providing an additional |ubricant for the flow of

goods between savers and investors.

SAVERS goods g | N\VESTORS
(agents (agents
wi t hout < with
i nvest nment noney i nvest ment
opportunity) o opportunity)
paper

To put this nore sharply, savers are holding noney in their portfolios

because they realise that when an investnent opportunity cones their way in

15



the future thay will be glad of the extra liquidity that noney provides

relative to paper.

There is the obvious caveat that even when 6 is |less than g there is
al ways a nonnonetary equilibrium given that no-one wants to hold noney if
no-one el se wants to. The nonnmonetary equilibriumis not of interest to us.
What matters for our purposes is that there exists a nonetary equilibriumif
and only if @ is strictly less than g. This neets the definition of a
"nonetary econony" that | gave at the start. Mney is indeed essential to
the snooth allocation of resources: it is not grit in the system and it has

not been inposed on the econony.

Characterisation of a nonetary equilibrium

From now on, | want to focus on a nonetary equilibrium so let’s assune
6 is strictly bel ow g. To characterise equilibrium we need to find out the
agents’ optinal behaviour: consunption, investnent and saving. This is not
entirely straightforward, because the illiquidity of paper introduces sone
delicacies into the analysis. The details are spelt out in our witten
paper. Here let nme sinply report the answers, and try to convince you that

they are correct.

Consi der a typical agent at the start of period t who happens to hold

m noney and n, paper. First, suppose he has an investnent opportunity. Put

t

a superscript i on his consunption c to indicate that he is an investor.

i
t L
Thanks to the logarithnmic utility, his optimal consunption is a fixed

fraction 1-8 of his net worth:

ct = (l-B)(rtnt + Ant + ptnl).

net worth

H's net worth is nmade up of the return on his paper, plus the capital worth
of his paper (after depreciation), plus the worth of his noney. The first

and last terns are straightforward. But the middle termposes the problem

16



how shoul d the agent price an asset for which the resaleability constraint is
bi nding (renmenber this is an agent with an investnent opportunity)? The
answer is to value all of his paper/unnortgaged capital -- even the
inframargi nal units that he can resell -- using the replacenent cost, 1, i.e.
the cost of producing an additional unit. He doesn’'t use the nmarket price

q; - The point is that when an investing agent hits the wall of the
resaleability constraint, the only relevant nargin is whether to invest nore
or consune (he doesn't want to keep any nDney): That' s why Ant has the
coefficient 1, not q; in the expression for cl.

The rest of the agent’s available liquid funds are ploughed into

i nvest nent :

i
L T L SN funds at hand

(1 - q.6)

downpaynent

He exhanges all his noney for goods. And he exchanges the maxi nrumfraction 6

L, he nakes | evered
i nvestment. The gross cost of each unit of new capital is 1, but he can

of his paper for goods. Then, having consunmed c

nortgage a fraction 8, = 8 at price 9, SO the required downpaynment per unit

1
of investment is 1 - qte.

Notice that the expression for i, is sensitive to the prices Py and q;»

especially q; - The hi gher these price; are, the nore funds the agent has at
hand with which to invest, and the snaller the downpaynent required for each
unit of investnment. Here, then, is the feedback from asset prices to

quantities that | spoke about at the start, which is absent in many standard

nodel s such as the real business cycle nodel.

Next, suppose the agent does not have an investnent opportunity,

i ndi cated by a superscript n. Now his optimal consunption is

n —
ct = (1-[3)(rtnt + thnt + ptnl)'

net worth

17



For a saver the resaleability constraint is not binding -- in fact, savers
buy paper, not sell. So it is appropriate for himto value his paper
hol di ngs at the market price 9 -- not at the unit cost of new capital, 1, as

an i nvestor does.

It remains to find the saver’s optinal portfolio of nbney and paper

The first-order condition is given by

Prad/ P - (Tig * M/a
TtEt

i
Ct +1

(Fegp T A0 - PPy

(1-n) Et

Cn
t+1

In many ways, this equation (together with the earlier investnment equation)
is the key to understanding the nodel. |In choosing between noney and paper

at date t, a saver has to balance rate of return against liquidity.

Wth probability m, he will have an investnent opportunity tonorrow, at
date t+1. In which case the difference in the expected rates of return
bet ween nmoney and paper will be the nunerator on the LHS. Mney always has a
rate of return pt+1/pt. G ven that he is an investor at date t+1, paper has

a rate of return for himof (r + A)/qt -- because after receiving r he

t+1 t+1
val ues each unit of depreciated paper at its replacenent cost 1, not at its

mar ket price 9% 41

However, with probability 1-m he will not have an investnent
opportunity at date t+1. He will be a saver again. |In which case the rate
of return on paper for himis (rt+l + Aqtﬂ)/qt -- because he uses the market
price 9% 41 to value it at date t+1. That is, the difference in expected

rates of return between paper and noney is given by the nunerator on the RHS

The expectations operator Et is with respect to the underlying
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uncertainty at date t over r (and hence al so over the prices Pi 41

t+1 A 41) -

An optimal portfolio balances these differentials, weighted by the
probabilities and the marginal utilities -- which given logarithmic utilities

equal the reciprocals of the rel evant consunption |evels.

Notice that both sides of this portfolio equation can be positive only

if 9 41 is strictly greater than 1.

The great nerit of the expressions for consunption, investnent and
savings portfolio is that they are Iinear in an agent’s start-of-period noney

and paper hol di ngs, and n Hence we can aggregate wi thout needing to
M

.
| ook at the evolution of the distribution across individuals.

Recal | that, although we have been descri bing n, as an agent’' s paper
holding, it in fact denotes an agent’'s hol ding of paper plus unnortgaged

capital. Hence the sum of everyone’'s n, equals the aggregate capital stock

t

Kt' Al so the sum of everyone’s noney hol di ngs m equal s the aggregat e noney

stock M which is fixed. Therefore in aggregate the only endogenous state
variable is Kt' We can wite down the equilibriumas a recursive system

The state variable is the technol ogy paraneter a which follows a

stationary Markov process, and Kt' Aggr egat e i nvest nent It’ asset prices Py
and q;» and tonorrow s capital stock Kt+1’ are four unknowns that solve the
four equations here. | will not go into details, but you should recognize

the mddle two equations. First, goods narket clearing: output equals

i nvest ment plus consunpti on:
rth = |t + (1-3)[rth + [+ (1-n)qt]7\Kt + ptM}

Second, the equation for investnent, which is the aggregate version of

our earlier expression
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n[Brth + ethKt + BptM - (l-B)Mﬂ]

(1- 9.6

Third, the portfolio equation, which is exactly as before except that

aggregates are in the denoni nators:

Praa/ P - (Tpyg T /G
TtEt
i
Ct+1
(r + A9 . )/a. - p. P
_ (1) E, t+1 t+1’ 7t t+1 "t
n
Ct+1
i _
wher e C&+1 = (rt+l + A)(elt + [1—n+ne]AKt) + pt+1M
and Cn =

‘1 (rt+1 + qt+l7\)(elt + [1-n+ne]AKt) + pt+lM

Fourth, an expression for tonorrow s capital stock in terns of today's

depreci ated stock plus investnent:

t+1 t t’

Thi s four-equation, four-unknown recursive systemis both backward and
forward | ooking. It is backward | ooking insofar as consunption and investnent
are functions of the inherited capital stock. It is forward |ooking insofar
as the asset prices Py and q, are junp variables, and we restrict attention

t o non-expl osi ve pat hs.
Most inportant, there is the feedback from asset prices to quantities

t hrough the investnment equation. The systemis decentralised in an essenti al

way: this is not the solution to an obvious planning probl em
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Properties of a nonetary equilibrium

From Proposition 2 we learn that there is a unique steady state.

Proposition 2: a, =a i mplies a unique steady state I, p, g, K

Let us consider a neighbourhood of that steady state. Proposition 3(i)

concerns rates of return dom nance

Proposition 3:

p r + Aq
(i) e < g7 < :
Py : a; B
expect ed . expect ed subj ecti ve
rate of return . rate of return rate of return
on noney : on paper
liquidity
premn um
(ii) liquidity premum = nomnal interest rate = n(qt - 1).

The left-hand inequality tells us that noney is dom nated by paper

The difference in the two rates of returnis a liquidity prem um

The sinple explanation for the liquidity premumis that savers have to
be conpensated for hol di ng paper because it is less liquid than noney.
Notice that agents only hold noney because they anticipate that they wll
face borrowing constraints in the future. To put this in broad termns:

borrowi ng constraints are an integral part of a nonetary econony.
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A few nonents’ thought shows that the liquidity premiumis sane as the
nom nal interest rate on paper. Proposition 3(ii) tells us that this is

roughly = tinmes the gap between 9, and 1. This can be sizeable.

We woul d argue that this indirectly sheds light on the equity prem um
puzzle and the low risk-free rate puzzle: both puzzles can be seen as natura
features of a liquidity-constrained econony -- provided one is willing to
accept that at least certain kinds of equity are not as |liquid as governnent

bonds.

The right-hand inequality in Proposition 3(i) says that although the
rate of return on paper is higher than noney, it is still |ower than the
subjective rate 1/ -- because of the high price of paper. This inplies that
an agent’s consunption and net worth shrink during an epi sode of saving, and
only expand again after he gets an investnment opportunity. There is a nyriad
of such individual histories, and we don’'t see all this fine grain in the
aggregate picture. (Note that if the econony were running at first-best --
i.e. if @ 2z 0% -- then there would be no differences in individual histories.
These differences only arise because of the gap in the rates of return

bet ween saving and investing.)

Earlier | alluded to the possibility of including workers in the nodel.
Suppose workers, unlike our entrepreneurial agents, do not have investnent
opportunities: they sinply supply |labour to the entrepreneurs for the
production of goods fromcapital. The right-hand inequality says that a
worker will not save. He will just consune his wage. This may hel p explain
low rates of participation in asset markets. It is not that sone people face

barriers to trading assets. Rather, the returns are too | ow

Proposition 4 tells us that the econony is too snall relative to

first-best.

Proposition 4: The aggregate stock of capital Kt is strictly |less than K*.

This is not too surprising, given the difficulty the econony has in
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funnelling resources fromsavers to investors. One expects there to be too
much consunption by savers and too litle investnent. Remarkably, it can
often be quite difficult to get underinvestnent in nodels of this kind.

However, underinvestrment is a feature of the present nodel.

Let’'s turn now to dynanics. Rather than anal yse the discrete-tine
nmodel directly, it is easier to look at a continuous tinme approximation,
found by taking the length of period to zero. These charts are drawn for the
limt econonmy. | should say that they represent qualitative solutions
cal cul ated by hand. By Nobu's hand, to be precise. As he says, you never
know how much faith to put in a conputer simulation. And a conputer is not

good at finding general qualitative answers.

Start with productivity shocks. Recall our assunption that a, fol |l ows
a stationary Markov process. Suppose in fact that it follows a 2-state
Mar kov process -- high and | ow productivity -- where transitions from one

state to the other are infrequent. See Figures 1(a) and 1(b).

Because the return on capital increases with productivity, a junp in
productivity causes the price of paper to junp up. So too does the liquidity
premum-- recall Proposition 3(ii). Anticipating a tight liquidity
constraint in the future, entrepreneurs wi thout an investnent opportunity
want to hold nore liquid assets, which leads to a junp in real balances: the
price of nmoney junps up. The junps in the prices of paper and noney, 9, and
Py rai ses the investing agents’ available funds, and raises |everage, so

i nvest ment junps up too.

Wth greater investnent, capital stock starts accunulating. Aggregate
out put, which rose instantaneously with the junp in productivity, continues
to rise with capital accunulation. The return on capital falls with the
hi gher capital stock, and the price of paper falls back towards nornal
| evel s, as does the liquidity premum The val ue of noney continues to

i ncrease as the econony expands.
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At some point in the future, productivity junps back down, and these
processes reverse: the price of paper junps down, the liquidity constraint
| oosens. Real bal ances and investnent junp down too, and the stock of

capital starts to fall.

Overall, we conclude that if productivity shocks are driving the
fluctuations, then the price of paper, the liquidity premum and rea
bal ances are all procyclical, noving together with output. Investnent is
procyclical and quite volatile, because it is affected by the net worth of
the investing entrepreneurs and the required downpaynent, which neans that
the novenents in the prices of paper and noney conbine to magnify the
fluctuation. Consunption is also procyclical, given that the consunption of
workers is equal to their wage inconme and the consunption of the

entrepreneurs is proportional to their net worth.

Cover nnent
It is tine to introduce governnment into the nodel. W nake no attenpt
to explain government behaviour. Qur goal is sinply to explore the effects

of an exogenous governnent policy.

Unlike the private entrepreneurs, the governnent is unable to produce
goods fromcapital, capital fromgoods. However, it has sole access to a
costl ess noney-printing technology. Let h4 denote the stock of noney

outstanding at the start of date t.

The governnent can buy paper but, |ike everyone el se, cannot resel
nore than a fraction @ at each date. Let hf denote the government’s hol di ng
of paper at the start of date t.

Finally, the government has an expenditure of C% goods at date t. One
m ght think of this as transfers to workers. C% < 0 corresponds to | unp-sum

taxation (of workers).

The governnent’'s budget constraint is
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g _ g )
G o+ a (N - AN) NG (M - M)

That is, governnent expenditure plus paper purchases nust equal the return on
paper plus seignorage revenues. Since the governnent is large, changes in

its paper or noney holdings will affect prices Py and q; -

Wth an active governnent, the steady state is indexed by the rate of

growt h of the nobney stock, u:

Ma/M =

In steady state, real noney bal ances, pthq, are held constant by nmeans of a

fall in the price P,

Py +1/ P, = 1/ .

u may be greater or less than 1. u > 1 corresponds to inflation (renmenber Py
is the price of noney in terns of goods, not vice versa). Productivity a
gover nnent paper hol di ngs hf, and governnent expenditure C%, are all constant

in steady state.

In our witten paper we conpare steady states, and the long run effects
of government policy. There is not tine to report our findings here, but |
should remark that the "Friedman Rule" -- deflating at the rate u =g --
achieves first-best, provided of course that it can be adequately financed

t hrough | unp-sum taxati on on workers.

Here, let us concentrate on shorter run dynamics. First, al
proportional "helicopter drops" of noney -- anticipated or not; today or in
the future -- are neutral: they sinply lead to inflation. By the sane token

payi ng nom nal interest on noney doesn’t affect anything except the future
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prices of noney.

That said, we are not primarily concerned with changi ng the noney
supply by helicopter drops or by paying nominal interest on noney. Qur focus

is on the effects of open market operations.

A sinmple way to investigate open narket operations is to suppose that
t he governnent’s hol di ng of paper, hf, foll ows an exogenous 2-state Markov
process. For the nonent, set governnent expenditure C% at a constant |evel

Then, for the governnment to neet its budget constraint, it has to adjust the

noney supplylﬂ.

In the continuous tinme approximation, h4 j unps when hf changes.

Bet ween ti nes, h4 adj usts continuously. See Figures 2(a) and 2(b).

Consi der an upward junp in hf. That is, there is a policy shock: the
gover nnent purchases paper, paid for by printing noney. Looking ahead, this
paper will bring in a future stream of additional revenue, which the
governnent will use to retire noney. The price of noney will therefore rise

over time -- equivalent to paying real interest on nobney.

Hence, at the tine of the shock, anticipating the higher future return,
entrepreneurs demand hi gher real balances. (The direction of junmp in the
price of noney is anbi guous, because the demand for real balances nmay or nay

not increase as nuch as the noney supply.)

Wth larger real balances, the liquidity constraint is |ooser: the
liquidity premiumand the price of capital junp down, and investnent junps

up.

After the policy shock, capital stock starts accumul ati ng, and out put
rises. Real balances and the price of noney also rise. The price of paper
falls, because the return on capital falls with the higher capital stock --

and, by Proposition 3(ii), the liquidity premiumalso falls.

The expansion continues until the next policy shock, when the

governnent reduces its paper hol di ng.
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Overall, when the government uses the return streamfromits paper
purchase to retire noney, open narket operations |ead to persistent expansion
in investment and output. The liquidity premium (the nominal interest rate),
and the price of paper, are countercyclical, whereas real bal ances are

procyclical.

A sinmple way to understand t hese expansionary effects is that the
governnent is acting as a banker to the entrepreneurial sector. It is
transformng a partially liquid stream of revenue on paper into a fully
liquid streamof interest on noney. Being nore liquid, the latter incone
streamis a nore effective instrunent for funnelling resources fromsavers to

i nvestors.

Interestingly, there is a closely-related policy experinent that we

m ght have considered that gives quite different answers.

Start with the sane open narket operation: the governnent purchases
paper using noney. Now suppose the government were expected to use the
revenue streamfromits paper purchase to nake transfers to the workers.
Then a partially liquid streamwould be transformed into a nontradeabl e
stream -- workers cannot borrow against their future income. The group of
entrepreneurs woul d be deprived of an incone stream which, although only
partially liquid, would otherwise help to lubricate their resource
allocation. As a result, at the tine of the open market operation, the
liquidity premumwould junp up and investnment would drop. The policy would

be contractionary!

In other words, we find that the effect of an open market operation
depends heavily on what the governnent does next: how it spends the
addi tional stream of revenue fromits paper purchase. This perspective is

rem ni scent of Lloyd Metzler’s work in the early 1950’ s.

It may help to think of the initial open market operation as being akin
to the governnment sinply expropriating paper fromthe entrepreneurial sector
as a whole. After all, the initial injection of noney (used to pay for the

paper) is neutral. Wether expropriation by the governnment is expansionary
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or contractionary depends on what the governnment does with the additiona

revenue stream

O course, what we would like to do is to look at a world with
productivity shocks and active governnent policy -- i.e. where the governnent
pursues a nonetary policy rule that reacts to the state of the econony.
Agents have rational expectations and know the governnent’s policy rule. A
nurmber of classic questions could be then answered. For exanple, if the
objective were to stabilise sone wei ghted conbi nati on of output and
inflation, what kind of nonetary rule would be needed? And what woul d be the

inmplied interest rate policy?

Qur nodel is well suited to answer such questions, but unfortunately it
is hard to anal yse active policy by hand. W have recently started work on a

calibrated version of the nodel

Assessnent

This is a good point to step back and assess the nodel.

Everything hinges on the liquidity constraints, so let’'s start with the

two 9’ s.

91 relates to the borrowing constraint. This is central. As | have

said, if there were no borrowing constraint, investnent would be
self-financing and the liquidity of agents’ asset portfolios wouldn't matter.

CH is by now a standard kind of assunption in the literature on credit

constraints in macroecononi cs, and needs no defence.

The only really new, and unconventional, conmponent in the nodel is 8,

-- the fraction of an agent’s paper holding that he can sell per period. 92

captures sonething that people think is an inportant neasure of the liquidity
of an asset: the speed with which it can be sold.

Agai nst the 6, assunption is the fact that it is too reduced form

2
Al t hough we think the underlying i dea makes sense -- that it nmay be difficult
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to resell private clains -- 92 is nothing nore than a peculiar transaction

cost: zero for the first fraction 92 sold, and infinite thereafter. This is
mani festly not deep theory. It is sinply a device to differentiate the
liquidity of paper fromthe liquidity of noney.

Qur next task is to endogenize 6, in an interesting way. W hope to be

2

able to make rich predictions based on cross-sectional variations in 92 --
across firms, industries and countries. Equally, we hope to be able to

exploit the fact that 6, nay be cyclical. W believe that a nodel of @

2 2
based on adverse selection in the secondary narket may allow us to explain

the so-called "flight to quality" that occurs during financial crises.

So rmuch for the research questions we wish to pursue in future. For
now, the question is: Does a nodel with an exogenous 92 deliver interesting

predictions or useful insights?

Let;s review the predictions. Wen CH and 6, are | ess than sone
critical o, it turns out that noney plays an essential role in allocating
resources. The nodel tells us sonething about what to expect in such a
"nonetary econony". The return on noney is very low, and is dom nated by the
return on paper. The gap -- the nominal interest rate -- can be sizeable.
Despite this, entrepreneurs choose to hold some noney in their savings
portfolios, because they anticipate facing liquidity constraints when an
i nvestment opportunity arrives later on. That is, liquidity constraints are

an integral part of a nonetary econony.

On the other hand, workers -- who don’t have investnent opportunities,
and so don't anticipate facing liquidity constraints -- won't choose to hold
nmoney, or even paper for that matter, because the return on both is too | ow.

(This is provided the shocks to the systemare not too |arge or frequent.)

In constrast to a standard real business cycle nodel, the nodel has a
feedback from asset prices to quantities: the prices of noney and paper both
affect the entrepreneurs’ flow of funds, which in turn affects their
i nvestment. Aggregate investment and output are too | ow the econony fails
to transfer enough resources fromsavers to investors because of the

liquidity constraints.
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By including liquidity constraints, we have taken a step on fromthe
general equilibriumasset pricing nodel. One can show that asset prices are

volatile, and fluctuate with the tightness of those liquidity constraints.

We think all these features are nornal to a nonetary econony.

The nodel also tells us sonething about dynamics and policy. |If the

governnent purchases paper in an open narket operation and then uses the

stream of incone to retire noney -- pays a dividend on noney -- then the
econony expands, even in the long run. |In effect, the governnent is acting
as a banker, converting an illiquid stream of incone on paper into a liquid

stream of incone on noney. By contrast, if the sane initial open market
operation were followed by the governnment using the stream of incone on paper
to pay for additional expenditure, the effect would be the opposite: the

econony woul d shrink

There is a nagging worry that, although qualitatively these predictions
| ook reasonable, the effects may not be quantitatively significant, despite
the feedback from asset prices to quantities. |In practice, an open market
operation constitutes a tiny change in the conposition of asset holding in
the econony, so it is difficult to see why this change shoul d have
significant effects. The answer may lie in a nore |ayered nodel of banking,
where the governnent supplies extrenely liquid assets for banks to use, who
in turn supply somewhat less liquid assets for use by the rest of the
econonmy. We conjecture that the effects of governnment policy nay be

amplified in such a nulti-Ilayered nodel.

Anot her source of anplification would be to have chains of credit,
where default or delay at one point in the chain causes danage further along.
I will talk about this in tonorrow evening's lecture. Notice that in the

present nodel, there is no default or delay in neeting paynment obligations.

Concl udi ng remarks

| started ny lecture this evening with a discussion of the different
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ways econonists think about nmoney. Let me end by asking: How does our paper

fit in?

It has been said that there are two ways of getting fiat noney into a
nmodel. One is to endow noney with a special function -- for exanple, cash in
advance. The other is to starve the agents of alternative neans of saving.
Thi s happens in the original Bew ey and Townsend nodels, and in nost

over | appi ng generations and mat chi ng nodel s.

Model s of Money

Special Role Starvation of Alternatives
for noney to noney
cash-i n-advance Bew ey, Townsend

over | appi ng generations

mat chi ng

Implicit in this two-way taxonony is the idea that both ways fl awed.
The crinme on the left is in shutting down a market for the direct tradi ng of
certain pairs of comodities -- e.g. goods agai nst bonds. The crinme on the
right is in shutting down a market for direct trading between certain agents.
Arguably, this second crine is the |lesser of the twd, because one can justify
why a certain pair of agents may not be able to trade by assum ng that they
are separated in time or space. E.g., in an overlapping generations nodel
one cannot trade with the unborn; in a nmatching nodel one cannot trade with

soneone outside one’'s own natch.

How guilty of these crimes are we? | think we are innocent of the
first crime. Renenber that noney only has value in our nodel if 91 and 92
N
are bel ow sone critical value 8. So noney is not a |ogical necessity. W

are not inmposing a special role for it. |Indeed, we can say sonething about
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why and when noney ni ght eventually stop being used. Qurs is a nodel of

liquidity in advance, not cash in advance.

What of the second crinme? Unlike in the early Bew ey, Townsend,
over |l appi ng generations and matchi ng nodels, in our nodel agents do have an
alternative to noney as a neans of saving: there is private paper. They are
not starved. Adnmittedly, we have restricted the liquidity of this paper, but
then that was central to our purpose. Qur goal was to take a context where
different assets have different degrees of liquidity, to exami ne the
behavi our of liquidity prema, to understand the interactions between asset

prices and aggregate activity, and to exam ne policy in dynanic context.

W believe that one of the strengths of our nodel is that it is in many
respects Walrasian. There are narkets between all pairs of comvdities and
all pairs of agents. This is what brings our nodel close to the rea

busi ness cycl e nodel .

A criticismof the nodel as presented this evening is that there is noney
but no government bonds. |In fact, though, the nodel hangs together just fine
if nmoney is reinterpreted as government bonds. Nothing substantive changes.
But such a reinterpretation does presuppose that governnent bonds are as
liquid as nmoney. This is an old question: where do government bonds lie in

the liquidity spectrunf

Finally, let ne nention a line of enquiry related to the one | have
been di scussing this evening. 1In my slides, | assuned that the technol ogy
for produci ng output exhibits decreasing returns in aggregate. | waved ny
hands a little about the possibility of some missing factor of production
such as labour. In the witten paper you have, we are explicit about

wor ker s.

An interesting alternative is to nodel the mssing factor of production
as a second capital good, with its own degree of liquidity. Suppose the
second capital good is sonething tangible, like |and, or the assets of a
wel | - est abli shed ol d-econony firm Arguably, the 8 for such assets may be
closer to 1. In which case, clainms on the income streamthat the second

capital good generates -- equity, or bonds issued by a |land bank -- may be
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used as nmoney. Non interest-bearing fiat noney would be driven out, and the
crucial liquidity margin woul d then be between the less liquid, |ow8,
capital good, and the nore liquid, high 6, capital good. This two-capita
nmodel is the subject of a conpanion paper. 1In it we discuss how the
governnent mght nanage liquidity nore generally, other than at the narrow

noney/ bonds nar gi n.

My expectation is that over the next few years theories in which rea
assets serve as noney, and assets are distinguished by their degree of
liquidity, will assune a greater inportance than theories of fiat noney --
not | east because cash nay start to disappear. As | suggested yesterday,
Monet ary Econonics may be di splaced by Liquidity Economics -- which is what |

guess Keynes and Tobi n woul d want.
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