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Introduction

This paper is a formalization of an alternative to the existing,
dominant theory of money and income developed by Keynes, Patinkin, et al.
The paper develops a theory of money and income sufficiently general
to encompass several kinds of monetary institutions and then specializes
the general theory for particular monetary institutions in order to derive
contrasting charactefistics of economies with different monetary institutionms.
Three different monetary institutions are considered: classical, modern,
and optimal. A less formal sketch of the proper contrast between modern and
classical money economies is found in Thompson [1973a].

Part I specifies a generalization of the Cassel-Patinkin money
model and some necessary intertemporal characteristics of a Casselian money
economy that, I believe, have not been previously noted. For the special
case of this environment representing the Modern Money Model, Part II
establishes the invalidity of the Classical Dichotomy, the presence of Pigou
Effects and the effectiveness of perfectly anticipated inflation on

real magnitudes. These aré femiliar theorems but are established here in



a general intertemporal model. ‘

" Then, for the special case we ca.il the Classicgl Money Model =~ a model
which allows a conzpetijbi\fe, prj.vate productibn of at least part of the
money supply and competitive payment of interest on all money -~ Part III
establishes the validity of the Classical Dichotomy, the absence of Pigou
Effects, and the ineffectiveness of anticipated inflationm. These theorems

are based on a new model of the nature of a classical moﬁey economy and lend
new support to classical ménetar& theory against the.a.ttacks of Patinkin and
othersf

Part IV develops a general model of one-period temporary equilibrium,
specifies the model at a Keynesian level of aggregation, and contrasts the
characteristics of the temporary equilibrium that results from imposing
modern monetary institutions on the economy with those that result from
classical monetary institutions. An inconsistency in the sta;;zdard Keynesian
mdel with neoclassical production theory is pointed out. Correcting it
allows us to resolve Gibson's Par;s.dox aﬁd to uncover a dangerous instability
of a temporary equilibrium with modern monetary institutions. In comparing
Modern and Classical Money Economies, Part IV shows that employment in a
single-output temporary equilibrium with classical monetary institutions is
un:lfogg less sensitive to éxogenous shifts than it is with modern monetary .
:Lnstitutions. The result, however, does not hold in an economy with two or
more outputs. | B

Part V outlines a monetary system which results in full competitive
equilibria which are Pareto optimal and in temporary equilibria which do not
admit any of the severe inefficiencies that are found in temporary equilibrium
models with modern and classical monetary instituf.ions. This optimal monetary
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system has classical characteristies in that money is (1) privately produced
without govermment interference and (2) convertible into en asset whose

relative price is determined by non-monetary phenomena. But it also has

‘& modern characteristic in that some asset, the asset into which money is

convertible, is a paper asset (meg.ning an asset with identically zero produc-
tion costs;) :whose suppiy is controlled by the govermment. We call this

asset currency. The demand for currency is also controlled Sy the govermment,
say by requiring individuals to pa.y taxes in terms of currency. We can
perhaps view our own economy as tending, albeit fitfully, to this optimal
economy as the development of credit institutions and brela.x.a.tion of restric-

tions on the banking ihdustry are gra.dua.lly reducing the demand for currency

" as a medium of exchange and allowing us to approach a "ecashless society."

I. A CASSELIAN MONEY MODEL WITH A FINITE SEQUENCE OF MARKETS

Let XJ % be the excess demand for a.sset. Jt, thﬁt is, for good J during
period t, vhere §J = 1,2,...,M, and t = 1,2,....,'.1‘. - One asset may be a |
contract to deliver a good in the future (for example, a short bond, & money
future promising one dollar in the next period) while another asset may be
the same good traded at the future data (for example, one dollar a year from
now). If a good generates Joiﬁt pmducté ,‘ each product is evaluated as a

separate asset, Some of the assets may be common stocks; ofhérs nay be
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purely contractual rights such as rights to pfévént the t#éﬁéactions of others.
‘And there is no assumption of utility maxiﬁization subject to a budget con-
straint without transaction costs. So the genefal model is substantially
‘more genefal~than the orthodox, Walras-Arrow-Debreu modei. But the model is
vstill competitive in thé senée that prices are constant.to,each individual
Ahd the same to all. The»accoﬁnting price of assetrjp is a non-negative
scalar given by A?Jt' A "solution" set 9f accounting priées, A?i, is a set
of accounting prices suchf?ﬁat th[A?i] = 0 for jt sgch that A?jt > 0 and
(P11 < 0 for 3t such that AP;t' =

number of such solutions.

Xj 0. There is no restriction on the

We let the asset Mt be "money" for each t. We assume that thé"f
faccounting prices of monef and some nonmpnetﬁry good'aré botﬁ positive in each
period. That is,

_ Ax. 1: for eech t: A?Mt > 0, and there is a J # M such that A?Jt> 0.
It follows that the supply of money in the last period, SMT’ is zerof For
since there is no demand for money when there is no future to spend it in,
a positive money supply would lead to # zero solution price.of money in
period T. And, since nobody in period T-1 would accept‘a commodity generat-
ing no real interest (as in the Modern Money Model) in exchange for anything

valuable if the commodity were about to become worthless, the zero price of

money would be transmitied back to period T-1, and so on back to period l.—/

:/ 1 was made aware of this zero-price-level problem by my colleague,
Joseph Ostroy. A similar solution has been recently, independently,
produced by Kurz. However, he concludes that money must be made con-
vertible into a real asset in the last period. This is not precisely
correct. All that is required for the possibility of = positive price
of money is that an issuer of money commit itself to repurchasing all
its money at market prices by the end of the final period. Converti-
bility, or a governmental requirement that a specified fraction of
specified market values be held in the form of money at specified times,
is required only when we wish to guarantee the positivity of the price
of money. ‘ : :
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Hence, if money is a durable good Ax. 1 implies thet‘money creators pur-
chase the money in period T for either some predetermined amount of a real
asset or for the amount of a certain real asset thet the_money buys in
period T. |

Exchange in every period is always constrained to follow "Walras' Lawf"

That is,
' M
Ax, 2: § o A Jt 1t = 0 for every t.

These T identities imply that the number of independent excess demand equali-
ties corresponding to positively-priced assets satisfied by a solution set of
prices is T less than the number of such equalities_satisfied by those prices.
Eeﬁce there afe.T fewer such independent excess demand equalities than there
are positive prices so we have an "uﬁderdetermined"system. As a result, at
least T of the prices in the solution will be arbitrary.

But the level of accounting piices in each period isvsupposed to be ar-
bitrary, as prices are stated in terms,for example, of yen in period 1,
marks in period 2, pesos in period 3, etc.: If we change the unit ef sccount
in any period,»say frcm yen to rupiee, we will not alter cdrrent behavior even
though we lower all prices in that.period relative to prices in other periods.‘u
The reason is that prices are cheaper only in terms of a correspondlngly
more "expensive" unit of account. It requires the same amount of commodities
to obtain a commodity_in the pefiod with the new unit of account even though
prices in terms of units of account change. Thus, for every Jt, |

Ax. 3: X = th [AP] =F A

It It (1A1’2A 2""’TA Ppls

where each tk is an arbitrary positive number and A?t is the set of accounting

prices for period t. We set, for every t,
= /Py

tl




thereby using the asset Mt _for the numeraire in the t'th vperiod (which,
incidentally, is the most natural way to express prices in the corres-

ponding solution for T-1 periods). We-thus find that the following rela-

tions must be satisfied>in"anyr -solution:
: . o= >
. (L L2 Kra N e >0
9 oeey 'y = " =
A e Bvr-1’ APur 9t S0 for By, =0

This is a system of at most (M-1)T independent eqﬁalities in st most (M-1)T
positive prices. - . | | |

Do solutions exist? A family of”seté.of exééss demand relations does
exist — .8, any/éet in which all'egceSS'demand relations are con-
tinuous functions -- such that the excess demand relations #illfindeed
possess a price solution, Pi.‘ Using a Walras-Cassél rather than a Wald~
Arrow-Debreu apprcacﬁ to the “"existence of egquilibrium,” we simply assume
that the relevant set of excess dgmand relations is contained in this »
fhmily‘without maintaining soﬁe 6vérly réstriétive assumptions sufficient

for this to 6c¢ur.

Tran;cending classical and modern discussions of money economies have
been two more assumptions that serve to further distinguish the commodity,
" "money," from other commoditiecs. One is that there is no "money illusion”;

the other is that there is a "determinate" price-level solution for a given

[

nomingl money supply.




No "money illusion neans that if everyone s nominal money balances,
present and future, and all money prices are increased unexpectedly in the
same proportion, A , then excess demands for nonmonetery assets are unaltered
and the excess demand for money increases by A of its orglnal value. In
other words, letting SM be the set of money supplies through time T,

‘Ax. b4 [Ps]—x [AP xs]for3<M

This axion embodies the standard_assumption that individuals ere indifferent
to the physical composition of the money supply.

"Price level determlna.cy" implies that 1f all money prices in any solu-
tion are changed in the same proportion and to a sufficient degreee, nominal
‘money supplies remaining the same,fanvexcess demand for some assep erises.
That is, price level determinacy implies

Ax.» 5: [ )\P Sy ]> 0 for some A>0, some jt and all i.

Tllis axiom together with Walras' Law have been taken to imply the absence of
‘zero-order-homogeneity w1th respect: to money prices of some excess demand
equations for real essets. This is not a correct inference because some non-
monetary assets may not be real assets (i.e., they may not generate non-
monetary services). The meaning and implications of this will be seen in
‘Part III below.
Setting the A in Ax. Y equal to l/Pll, assuming 'Pll is positive, as we

'may do by virtue of Ax. 1,

(6a) | x, [pss. ] =X ['11 ‘S—N'I'] J #Mand
360 2M Jt "Ppy’ Py
p 5 Oy '
(6v) 1 X, [Ps,] = X, [g——5 ] for all t.
P, 11 11
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Hence the supply-demand relations do not yield‘determinate nominal money

. values; they can determine price levels only for given money supplies or

money supplies only'for given price levels. Either Si or Pil is determined
outside the Casselian Model. This, of course, is a standard property of

money models. -

fI. ‘PROPERTIES OF A MODERN MONEY MODEL

A. The special assumptiona of the model

The Modern Money Model asswumes that all goodé which ever appear in a
Casselian Model either gererate nommonetary services or are money. Also,
the number of independent equations is assumed to be at the maximum number,

T?{(M-1). And the number of independent.variables is also assumed to be at

~ this maximum. We shall Eéé later that these Patinkin-type assumptions are

crucial to the results end inconsistent with a Classical Money Modél.

B. The invalidity of the Classical Dichotomy

The Classical Dichotomy implies that equilibrium excess demands for

assets generating nommonetary services depend only on ratios of money prices.

That is, the Classical Dichotomy implies

i 1, _ idd
(1) th[AP ,sM] = th[P ,sM] 0 for all J # M, all t, and all A>0.
From Ax. 2, (T) implies
S AU TR
(8) x, [xr7;5,] = xMt[? ;5y] = O for all t end all A>0.
. Together, (8) and (7) directly contradict Ax. 5. Hence the Classical
Dichotomy is inconsistent with a determinate price level in a Modern Méney'

Model.

C. The;presencé of Pigou Effects

It follows from Ax. 5, determinacy ,that, for some J,t, and A,

i i

- i i
th[).P,sM] # X
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Hence, by successive application of Ax. b, for some §, t, and A,
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In other words, & sutficient alteration in the price level will alter the

excess demand for some real asset by altering the quéntity of real balances.

" ohis is a Pigou effect -- an‘effect of price level flexibility on the. supply

-of real balances ahd excess demand for real assets.

D. The econcmic °ffectiveness of anticipated inflation

A change in ratios of money prices in a Casselian Money Model, so 1ong
as the change reflects a Qhange in the relative cost of alternative econonic
activities, implies changes in some excess demands for real sssets under
certain,'admissible forms of the excess demand functions. (The linear form
of (6a) of rank (m-1)T is sufficienﬁ to establish this generally accepted.
fact.) It is in thié gense that changes in relative prices have "real

effects" and in this same sense, we shall soon see, that snticipated mone-

‘tary 1nflation has real effects.

An equi—proportionate increase in expected future money supplies and
corresponding future money prices induces, at the initial real quantities
demanded and supplied, a relative price chenge. To see the nature of this

change, nonmonetary excess demand functions are now written, using (6a)

‘ P P S S
= 1 2 M1 _2°M
(9) x [p;sl=x, [P, Pss ,» sl=Y, [z 5 )
It M Jjt V1Y 2 Pma’ 2°M Jt "Py7 Py’ Py 11
where 2? = (P 3,..., P ) and 2SM = (SMZ""’ SMT)

He are supposing that’ there is a change from QSM and P to st and Y P




i

10

respectively. And suppose that excess demands are uhéltered by this change
so- that

(10) | th[P S]—Xat(Pl,YP sle S],J#M..

Of course, if the monetary 1nf1ation vere unexpected in period 1 or behavior

1n'period 1 were unaffected even it the monetary inflation were anticipated,
because of Ax. b, excess demands in periods 5 to T would also remain unaltered.
Then equetion (10) would hold. But in period 1, with anticipated inflation,
individuals see & change in relative prices bet een current and future asset;,'
nemely that each Py /P for all J ‘and k and all 8  from 2 to T inclusive
changes by Y of its 1nitial value. In the Modern Money Model, this implies
change in the real cost in terms of present good 1 of currently holding onto
the money that would currently puruhase good J in order to purchase good k
in future time period s. Substitution of present ] for future k is thereby
encoursged by an anticipated monetery inflation. Hence, (10) cennot generally
hold and the anticipated inflation has real effects. {See Thompson (1973b ) for
a general equilibriﬁmthéaéi'describing the particuler real effects of anticipated

jnflation.)

2r1,”" MHE CLASSICAL VONEY MODEL
A. The assumptions of the model

In the Modern Money Model every asset wes either money or & generator
of real services. We now drop this ‘artificial assumption. Also, &s we &re
dboﬁt to see, Ve necessarily relax the assumptions that the (M-1)T money
price varisbles are. independent and the (M-l)T excess demand relations left
after applying Walras' Law are independent. To this extra generality, in order

to produce & "classical Money Model', we add the assumption that money bears

perfectly’ccmpetitive“interestuﬁfThis«key gpecification is now described.

- e ¥
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Let M-1 be the index for the asset serving the function of "backing

money" and let the real return, ssy in the form of real apprecistion up

to period T, on the corresponding commodity be the return paid for hoiding
money. This asset is nof.mohey, but it is not genefati@g nonmonetary services.
The entife demand for this asset alweys comes from the money creators and

the entire supply always comes from the money demande;s. Let the Mp2£g«

asset be the same commodity, i.e., the same physical object, used in itsh
nonmonetary function, a fimetion described in conventional value theory.

Since commodities M-1 and M-2 are the same physical object they have an
identica.l price. Hence, we have at least T fewer mdependent solution
Averidbles than totei solution variablesvin the Classical Money Model. Cor-
.respoodingly, sinee the excess supply of commodity M-1 is identical to an -
excess demand for eommodity M there are at least T fEWer independent eque-
tions than equations in the Classical Monevaodel. We may identify the de-
pendent equations as those expressing a zero excess demand for the M—l——
asset. With the maximum nunber of independent equations and varisbles reduced

by the same number, no inconsistencies or indeterminances arise solely be-

cause of the existence of an asset to back money.

We are avoiding here the technique of measuring money in terms of the

commodity which backs it, thereby removing the money asset end nominal money
prices from the economy. Similarly, we could, by evaluating assets at ser-
- ylce costs, simply consider both Mt and Mt-1l as free goods and omit these as-

gsets from the discipline of Walras' Law. These techniques, while formally

Justifiable, tempt us to forget the fact that the money and money-backing mar-
kets enter disequilibria in e particular fashion. While both of these alter-
native apﬁroaches get us where we are going, our more explicit approach is

hopefully more illuminating.
. Coe N

PRSI




12

P y/Py» for all k an&~ali’t 2:2,vcap'never represent a relative -
cost between alternative‘écbnomic acti#ities when difect interest is paid
on'money. The dnly relative‘cost it could possibiy represent, due to the -
physicai units denoted in*ﬁhe'expression, is the relative cost of the kﬁg
conmodity t periods into théffuture relativé to good 1 in the currént'period.
It may indeed represent this cost in the Modern Mohey Mbdelg for P11 is the .
gain inrmoney in the futu;e By selling a unit of commodity 1 now and l/Pkt |
is what & unit of this money will buy of the kshzcommodity t periods in the
future. However, if positivg interest is earned on the money , the price
ratio dbviously does not;répfésent this cost because a greater amount of
money than Pll'is availdb;effor the pufchase of commodity k in.period t.
Thus, the price ratio enters as only & éomponent of this relative cost when.
interest is earned on the money. In ?arficular, while the money obtained
1ﬁ currently selling d unit of commodity 1 is Pll’ the e#tfa money avail-
gble in period ¢, keeping pther gssets at their original levels, will always
'be PllpM-l,t/PNkl,l' Hehée, the cost of gsset k in time t relative to
asset 1 in the initisl period is

(11) co Ry ERPY Y 1P P e

B. The Validity of the "Invalid" Classicsl Dichotomy

1. The possibility of en "Invalid" Classical Dichotomy in a Classical
Money Economy :

We now show that it is»possisle to determine the equilibrium relative
p@iées described in (11) using only the markets for resl assets and then
determine equilibrium money;prices in the moneéy markets. This Cléssical
Dichotomy was impossible in the Modern Money Model. Consider the first

M-2 excess demand relations in each period. These represent the markets

for the assets generating nonmonetary services, the "real" assets. Since
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it follows from Ax. 2, Walras' Law for each period, that "Say's Law" holds

for each period. I.e.,

' : M-2
(13) z = 0 for every t.

§=1 Jt Jt
This implies that there are at most only (M-3)T independent excess demand
relations for real assets. Since we have (M-2)T-1 relative prices between
real assets described in (11), there seems to be too many independent vari-

ables for a generally determinate solution unless we bring in money equations.

But inspection of (11), keeping in mind that Py 14 =P o > Treveals that
bt

M- ’
(k) :_ Py-2,t F RM-2,1 T

~ Since there are T-1 of these relative price identities, the maximum number of

independent relatlve prices between real assets under the competltlve payment

of interest on money is only (M-2)T-1~(T-1) = (M~3)T, the maximum number of

independent excess demand relations using Say's Law. Specifying certain‘forms

ofuthe corresponding (M-3)T excess demand rélations-(é.g., forms generating a

linear basis) we may now solve equations and determine the (M;B)T relative prices.
‘Inspection of (11) shows that to find P

kt

. . d
11 Nowr PM—l 1 is determined.by RMFl,l an

Pll; or, alternatively,Pll is determined by RM—l 1 and PM—l, 1 Hence.the remain-

» 1t is necessary to know

P /P

s o
M-1,t 1.1 in addition to Rkt and T

M-1,

ing independent variables are the T money pricgs, 11° M-l 23 cees PM—l,T; or,

alternatively, P M-1, 13 P 2,05 **° ?M ~ 17 Our remaining equations are T inde-
pendent money excess demand equations. Using these equations to solve for the
price levels gives us a solution set of money prices, Pi. This completes a

Classical Dichotomy since relative prices have been determined in the real markets

- and money price levels determined in the money markets,
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The proof of the invalidity of the Classical Dichotomy used in Part Ila:
does not go through because we have 1ntroduced here a market for an asset .
gerving as "backing" for money, such an asset being necessary if real interest
is to be paid on money. The introduction of this market allowed us to con-
sider disequilibrium money supplies for a given price level, and, finally, a
determinste solution set for the :eal money supplies. Without such & market,

the money supply can never be unequal to the money demand due to Walraé' Law

‘8o that sny money supply represenfs a solution for a given price level, and

real cash balences are indeterminate. In other words, any increase in a

-solution price level for & fixed money supply in a dichotomized Modern Money

Model could not disequilibrate any market and therefore is also a solution,
thus violatingrtho determinacy axiom_(Ax. 5), while in the dichotomized Clas-
oical Money Model, the detérminaoy axiom is not violaped because an excess
demand for money induced by a higher price level is matched by an excess supply
of the asset backing money, with relative prices and excess demonds in markets
géneraxing non-monefary services reﬁaining unoffected.

2. The necessity of the "Invalid" Classicsl Dichotomy in the svecial
case characterized by consistency with orthodox value theory.

It is rather trivial'to see that this Classical Dichotomy always holds

if we restrict the 013551cal Money Model to be consistent with orthodox value
theory. Conventional value theory (e.g., Debreu) determines the set of relar
tive price sets satisfying Sugply—demand constraints without reference to the
price level, money supply, excess demend for money equation or the money-
backing services of the assets. Thst is, it determines the set of sets of rel-
ative prices between the (M-2)T assets generatiog nonmonetary services by
having these prices satisfy the corresponding supply-demand relations for as-

sets generating nonmonetary services. 'Because commodity M-l is the same phy-
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sical obJect as commodit& M—é, the iheory also serves to determine’the real
price of M—l still without reference to the markets for assets M-l or ﬁ. iﬁe
excess demand for asset M-1 need not be zero in this theory, as the asset is
not part of conventional value theory because it does not generate nonmonetary
services. If we then specify sequences of transactions which will achieve a .
particular re}ative price solution and the costs (including zero) of each
transaction, then we can find amounts of money'such £hat if each individual
holds these smounts at each date for a given Pll; PM—1,2; PMyi,3; el PM-l,f’

then there is no cost of his transactiens.:/ Such amounts must exist if the

model is to be consistent with orthodox velue theory. These amounts represent

demands for money. If we now introduce costless supplies ofvnOminal money to
each individual from the money creaﬁors, we can always find supplies at which

' demands and suppiies are equal. At the quantities that £he money creators plen

it it AR oo i i it s

to take at the zero net supply price, there is an eguivalent excess supply of

R AR

assets backing money. Differences between the demand prices and the zero net

supply price of money then give rise te an adjustment in supply through a usual

Marshallisn adjustment mechanism.. (Such & mechanism is the appropriate dynesmic

mechanism in the presence of production decisions, there being & lag in the time
of decision and the time of output but no lag in the time of output and the market
evaluation of the output.) In this way, & set of solution real .cash balances is

t i determined only after the selection of a set of relative prices satisfying the

excess demand equalities for the services of nonmonetary assets. Hence, the set
of sets of solution real eash balances is determined only after the-independent
determination of the set of sets of solution relastive prices. This is the

Classical Dichotony.

f/ The existence of such sequences and the sufficiency of ‘decentralized indi-
vidual choices in achieving these sequences via purchases of money, is es-
teblished in Thompson (1973e).

o
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C. The absence of Pigou Effects'.

In the Modern Money Model, the money supply does not chahgé when the
price ievel changes. But it does change in the Classical Money Model and
this affects the impact of price level flexibility on the system. In par-

ticular:

' i, iyt - i, i
(1?), . xjt [xp ,SM(AP )] = th [Ap ,DM(AP )] for all jt |
defines a money supply function in a Classical Money Model. From Ax. I,
_ i i . ‘

(13) D {AP*) = XD, (P").
Therefore, since DM(Pi) = SM(Pi), ' A

i ivq _ i, i | |
(1) th[AP 3ASy(P7)] = th[AP .,sM(AP )1, and, from Ax. 4,

i, R i, i
(15) th[p 38(P7)] = xjt[xp 38,(AP7)], for all jt.

So real excess demends are not altered by price levél changes in a Classical

Money- Model.

D. The leck of economic effectiveness of anticipated inflation in the
Classical Monev Model,

The enalysis of .IID is, of course, sufficiently general to apply to
the Classical case. It follows from (95 in that anslysis that the effective-
ness of anticipated monetary iﬁflation requires thewcondition, satisfied by
the Modern Money Model, that the change in price ratios induced by a propoer-
tional anticipated monetary inflation implies a change in the relative cost of
alternative economic activities at the original ailocation. -

In fact, wvhen competitive interest.is paid on money, the price ratios
that change with a proportional anticipated monetary inflation do not represent
relative costs between alternative economic activities. Since proportional mo-
netary inflation converts at original real behavior, both Pkt/Pll and PM—l,t/
PM-l,l to Y times their original values, the identity in (11) shows that R is
unaffected for all k end t. Hence, the inflation changes no relative costs

between alternative resl activities. Therefore, anticipated monetary inflétion

in a Clessical Money Model has no real effects.
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IV, PROPERTIES OF MODERN AND CLASSICAL TEMPORARY EQUILIBRIA.

A, A Single Period Temporary Equilibrium

A temporary equilibrium set of accounting prices, Pl’ is a set of

current asset prices such that

(26) PE(P')] <0 for all J.

Jl

The set of future prices to sll individuals, 2PE, is simply the set of

expected prices determined by initial expectations and current prices.

Some future excess demands may therefore be positive in a temporary equilibrium.
Individuals may not agree on expected future prices so that Walras'

Law (Ax. II) does not hold for future behavior (i.e., it does not follow from

the aggregation of individual budget identities). It does, however, hold

for the current period. The other four axioms remain unaffected except that

in Ax. 5., APi is-replaced‘with lPI,aPE(AP{), and the inequality there holds

for t=1,

e R L S e sy e e i e R S T e ane e

Under these conditions, straightforward extensions of the pr?OfS

above apply so that (1) a temporary equilibrium exists when they are

continuous excess demand relations for given, continuous price-expectations- -

functions, PE( ), proved in :Arrow-Hahn) and (2) the same properties
regarding the Classical Dichotomy, the existence of Pigou Effects, and the
effectiveness of expected inflation hold in temporary equilibrium as held in

full equilidbrium for both Classical and Modern Money Models.
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B. The Model at a Keynesian Level of Aggregation

1. The Gemeral Model

We now consider a single~period temporary equilibrium aggregated to a
Keynesian level to facilitate comparisons, Besides money, a Keynes'
case model contains a labor aggregate which produces a commodity output
under decreasing returné, the latﬁer fact in@lying the existence of a non-
labor input, which, for economy of variables, we take to be the services of
capitalQ Thus, considering a minimum number of goods, there are four goods,
money (M), capital goods (Q), lsbor (L) and capital services(K) in the model.
There is a current market and priee for each good. The price of current money
is set at unity, the price of current labor is W, the price of renting capital
is R, and the price of current capital goods, which represent the oﬁtput of
the production process, is Pq_. Usipg Walras' Law to eliqinate the market
for Q, and assuming that al; equilibrium brices are positive, we can use

the following thrge equations to determine competitive prices:

(17) &(W,PQ,R) =0
(18) xK(W,Pq,R) =0
(19) XL(W’quR) = 0,

The above representation differs from standard simple representations

(e.g.s Patinkin) only in that our market for capital services is absent from
the standard formulation, which introduces abmérket for bonds in order to
have & market to remove with Walras'! Law., Since there are no compelling

a8 priori restriction on the nature\of the‘excess démand function for bonds,
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the usual formulation omits the bond market with Wattas' Law retaining the
market for capital goods (i.e., homogeneous consumption ﬁnd investment goods),
where restrictions come somewhat more readily. Our approach is unique ih that
it recognizes the necessity of a capital services market* and uses the familiar
a priori restriction on input markets implied 5y neoclassical production
theory to replace the psychological conjectures of Keynes and later writefs
regarding the market for capital goods. This is elaborated below and shows
the inconsistency of the standard Keynesian model of one-period temporary
equilibrium with simple neoclassical production theory.

Assuming the markets for the factors of production are perfectly competi-
tive and that the aggregate production function has positive first derivatives

and negative second derivatives, we can represent equations: (18) and (19) by

*/ Simply adding a market for capital services to the conventional model without
removing the bond market and without adding any new variables would obviously

yield a direct mathematical inconsistency in the model. To avoid this immediate in-
tonsistency and retain the bond market, one would have to introduce a liquidity
difference between our short bonds and rental capital, treating the interest rate

on bonds as a different variable than the interest rate. on capital. serviées. But
then, one would naturally introduce an arbitrage relation between theinterest

rates, .tying the interest rate differential to the transactions cost of selling
short bonds to finance purchases of rental capital. This establishes an additional
equation so that the general inconsistency would remain.

To avoid these inconsistencies, and still retain an independent spendings relation

(as opposed to one which can be removed with Walras' Law, 1learing a set of equa-
tions whose functions are given a prior independent of gpendings propensities),
one would have to make the rate of inflation an equilibrating variable rather than

an expectatinns parameters:in which case the rate of change of the money demand --

a component of which are spendings propensities -- and the rate of change of money
supply would be equated in describing the equilibrium. This would severely challenge
traditional realism g¢laims made in support of Keynesian models and would leave un-
altered the qualitative comparative static conclusions developed below for shifts which
affect demana or supply levels without altering the immediate future rates of change
of these levels (e.g., shifts which increase the current money supply without alter-
ing its rate of growth in the immediate future). This latter fact can be easily
established in a generalization of the above temporary equilibrium to two periods
rather than one,shifting a demand or supply in the same proportion in each of the
first two periods. ' ’ ' ,
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(28") g =p0(K*L)
' _ » qQ oK

o 3Q(K¥,L)

q dL

(19") - W(L)
where K* is the fixed endowment of capital and Q%%EL > 0, which reflects

the presence of sticky, and possibly rigid money wages. The one period

money rate of interest is given by 5

. ' R P -P
(20) rE=g o+ —m—,
: P P
q q
where P: is the expected level of prices in the next period. Wéeassume,
: ' P~ =-P
as is conventional, that P: varies in proportion to Pq so that -5Li;—il N
q

the expected rate of inflation,is éonstant.

2. A Graphical Description of the Modern and Classical SpecialACases

a. Equilibrium in the Factor Markets

For a given Pq,_(l95 will de£ermine an equilibrium level of L, and,
given this level of L in addition to Pq, equilibrium R is determined by (18').
In this way equilibrium R is determined for each possible level of Pq. Using
(20), equilibrium r is also determined for each possible level of Pq. Hence,
we construct the following curve, fhe F~F curve, describing equilibrium

in the factor markets:

P
N . . q

Figure 1. . Equilibrium in the factor markets



r rises with la'because when there are only two factors of production

and an aggregate, linearly homogeneous, production function with diminishing

. 2 2
marginal products (-a—-g‘ <0, _3_% < 0), the factors of production must be

oL oK :
complementary. Under these conditions the increase in L induced by an

. | R
~ increase in Pq will, by increasing 3Q(K*,L) , increase R by more than pro-

oK
portion to the increase in Pq. Beca.use it is plausible that there is a

rising supply price of labor and ‘an elasticity of substitution which is
less than unity, this curve is _'dra.wn éoncaw'from below, Also, because it is
pla,usibie that there is some positive money wage at which no lebor will
be supplied and an upper bound to the’margiﬁa.l product of labor, the FF
curve becomes vertical at sufficiently low price levels, indicating that
resl wages are so high that no production is profitable.

" Now, moving to the combination of Pq and r that will produce an
equilibrium in the money mark»et,l an increase in Pq will increase the demand
for money. The effect of this ipcrease in demand for money on the interest

rate will depend on the supply of money.

b. Eguilibrium in the Modern Money Market

In a Moderﬁ Money Model, where ﬁhe supply of money can be treated
as an exogenously determined constant, an increase in Pq creates an excess
demand for money and therefore a higher interest rate is required to reduce
the demand for money sufficiently to _restore equilibrium in the money
merket. In this case, the curve shcwing the levels of r and Pq consistent

with equilibrium in the money market, the stahdard LM curve, is drawn as:
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P
q

Figure 2. Equation in the Modern Money Market

These display the values of Pq a.nd r satisfying equations (l'f) and (20). We
assume, for graphical comienience, that W has no effect on XM. The curve
is drawm convex from below because of the p‘lausibility of a liquidity

trap and of the convex-from=-below slope of.the gtendard liquidity preference

curve (see Thompson' 1973b for a theoretical rationale.)

¢. Equilibrium in the Classical Money Market

Ina classical money economy, where the supply of money varies with
the demand for money 8O &s to kee;; prices constant at a given conversion rate
of money into commodities, the LM curve is drawn as follovs:

r L

P
Q

Figure 3. Equilibrium in the Classical Money Economy
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d. The Modern and Classical Solutions

urves are put together in Figures 4 and 5 to determine
markets for the Modern

The LM and FF ¢
the pairs of r and Pq that are equilibrium in all

and Classical Money Economies ,respectively.

-

-k

Figure 4, Temporary Equilibrium Points for a Modern Money Economy
r L
\ifffff———"n

E

3
N

M

—— P
q

Figure 5. The Temporary Equilibrium in a Classical Money Economy

e. The stsbility of the Modern and Classical Solutions

E_ denotes & "stable" equilibrium and E denotes an "unstable" equili-

brium. An equilibrium is "stable" when a small change in prices away from

the equilibrium will produce forces returning the economy to the equilibrium.

Market adjustments in the classical model are simple. Convertibility imnsures
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a given pri.cg level P; H ‘this P; is £aken over to the real markets where
it is ‘usedvto determine employmént end then the interest rate., There is
no possibility of an instebility.

But in a modern monef economy , market adjustments are not so simple.

The dynamic adjustment conditions are

ap .
(21) — = 1(X) £1 <0, £,(0) =0
(22) & = 2,(x) £3 > 0, £,(0) = 0,

vwhere the labor market is assuméd to remain in temporary equilibrium, as
necessarily occﬁrs when the supply price of leabor is constant, indicating
rigid rather than 3ust sticky money wages. The possible dynamic paths are
indicated by the arrovs in Figure L., There is an unstable equilibrium at
low price levels and interest ra.teé, admitting the dangerous pbssibility of
a vicious decline toward zero pr’oduction‘in a Modern Money Ecbnomy. When
prices fall, capital rentals fall, which induces increases in the demand for
money, which makes prices fall even faster, etc.

f. Comparing a Temporary Equilibrium in a Modern Money Economy to a
Conventional Keynesian Equilibrium.

Figure 6 shows the equilibrium points in the commodity market, the IS curve,

as implied by Walras' Law.
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Figure 6. The IS Curve in a Modern Money Economy

As is indicatéd in the Figure, the curve must have a positive slope,
connecting the equilibrium points énd staying between the FF and LM curves.

Since the  familiar IS curve in conventional macrotheory has
a ﬁegative slope, some explanation is in order. The conventional theory
develéps the IS curve from an independent, a priori relation between the
interéét rate gnd aggregate spending. If this aggregate spending is to be
interpreted as that ﬁhich determines current income for a given expectation
of the inflation rate, then an independent IS curve is inconsistent with
neoclassical production theory. The reason is simply that an interest
rate, price level pair determines income in nebclassical production theofy
independent of spending propensities. And since demand conditions eare completély
described by the LM curve, there is simply no roonm, for an independent
determination of aggregate spending given the LM curve, neoclassical
production, and a given, expected raté of inflation. The effect of a higher
interest rate on aggrégate demand and the priée level is determined completely

by the reduced demand for money and consequent higher demand for commodities.

A
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'Conveptional macrotheofy, with its independent spendings effects
given the IM curve andvneoclassical production theory, is internally
consistent only 1if we.drop the assumption of a given expectation of a
rate of inflation. In particular, the expected rate of inflation mey
depend parametrically upon the observed or expected rate of spending
(or, more generally, the rate of decrease in the demand for money) .
Then an increase in the observed or expected rate of consumption or invest-
ment spending (or, more generally, a decresse in the expected future
demand for money)would, by jncreasing r for a given R, shift up the FF
curve. In a modern money eco.uomy, this shift jnduces a movement out of
money in the current market (a movement along the IM curve) and e higher
price level, while a classical money economy admits no such adjustment
becanse of its vertical M curve. While this procedure is probably the
most useful with which to view spendings varisbles from the standpoint
of business cycle policy, it does not capture the Keynesian concept of
an equilibrium rate of expenditures.

To have an equilibrium.rate of expenditures -- Or, mos# generally,
an equilibrium rate of change in money holdings ~- the corresponding price,
i.e., the rate of inflation, just be an indeﬁendently equilibrating variable
rather than an expectations parameter determined by other variables in
the system. Once the expected rate of inflation is replaced with an
equilibrium rate of inflation, and a.corresponding rate of change of the
money supply is added -~ which is essentially moving to a 2-period temporary
equilibrium (in which it is only markets in periods 3 and later that

may have incorrectly expected prices) —- the Keynesian expenditures

\
A
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conditions can be relevant. | However, the spendings functions in such a
model would have to be only pa.rt of a general function describing the rate
of change of the demand for money, the rate of change of the money supply
would be necessarily relevant, end it is easy to show that the familiar,
Keynesian comparative static results that are based upon & negatively
sloped IS curve fail to hold in such a model Just as they failed in the
above, single period model.

g. Contrasting the Comparative Statics of the Modern and Classical
Temporary Equilibrium Models

An increase in the demand {or decrease in the supply) of money in
a Modern Money Ecoﬁomy, which shifts the LM curve to the left, lowers the
temporary equilibrium price level and interest rate. (The process is
that. a greater demand for money lowers the demand for commodif.ies and hence

lorwers the price level, which in turn lowers the demand for labor end employ=-

ment, which in turn.lowvers the rental rate on capital and hence the interest

rate.) Thus, "Gibson's Paradox," the observation that interest rates are
wnusually low during periods of unusually low prices vhile the fluctuations
are due to unusual monetary shifts, can be explained by our model of temporary
equilibrium in a Modern Money economy while it is inconsistent with conven-

tional Keynesian Models. In a Classical Model, there is no real effect of
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a change in the dema.nd fof moneyv as the h;xcrea.se in demand for money merely
causes an increase in supply, with no resulting change in the excess demand
for money or the LM curve.

A reduction in the marginal product of capital shifts down the FF
curve and thereby lowers the stable equilibrium price and employment levels
in a modern money economy. (The process is that a lower rental rate on
capital increases the demand for money and therefore lowers the demand for

commodities which in turn lowers the price level and employment and further

‘lowers ‘the interest rate.) And again there is no effect of the shift in a

clessical money economy (as is obvious from Figure 5) because whatever the
induced change in demand for money, there is a corresponding cheange in the
competitive supply of money and no pressure on the price level.

" ¥inally, & V a reduction in the margina.l physn.cal product of 1abor (or
i.ncreése in the supply of lebor) will increase wnemployment in both
economies. The magnitude of the effect is larger, however in a Modern
Money Economy. The 'reason is simply that the induced decrease in employment
reduces the marginal physical product of capital, thus shifting down the FF
curve and creating an induced reduction in ‘the price level and employment. |

The same induced reduction in the F-F curve occﬁrs in the Classical Money

Economy, but, as we have seeil, such a reduction has no effect upon employment ‘

in a Classical Money Economy .

h. The Several Qutput Case

The sbove analysis shows the dyndmical superiority of Classical over
Modern Money Economies in a single-output, single~period temporary equili-

brium model. That is, the Classical temporary equilibrium has stability

i e s
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characteristics and eﬁploymen“b respozlses to exogenous shifts which are uni formly
superior to those in a Modern Money Economy. Howevei. when esnother output
sector is added, employment in a Classical Money Economy may easily be more
affected by exogenous shifts, those generating shifts in relative prices between
the output backing money and other outputs. This was shown in Thompson (1973a),
vwhere it was argued that such a shift was responsi for the Great Depression

and the sbandonment of classical-type monetary institutions.

VY. AN OPTIMAL MONETARY SYSTEM

There is a monetary systenm which maintains the desirable static and dynamic
characteristics of a Classical Mcney Model but is not subjJect to changes in
employment due to changes in relative output prices. In such'a_system, the
government creates a peper asset, wh:.ch ‘we may call currency, and forces pri-
vatelj, but competitively, supplied money to be convertible into this paper
asset. The govermnent then controls the value of currency by alteri.né its
supply or demand (and not the supply for a demand of M). A positive
demand and price for the asset, which is Just paper (meaning that it is

costless to produce and of zero consumptive or productive value), can be
achieved by requiring jndividuals to pay ta.xes, say income taxes, in terms of the
paper. Then the demand is _ccnt.rolled by controlling the tax rate and the supply
is controlled by controlling the expenditure rate. The price levels at

some tax payment dates are determined by the equation,

(23) C= thQ,
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Qheré-chiéltkéjéufply of government currency immediately before tax col-
lections at those dates end t is the fraction of total ingome over the tax
period,PqQ, that represegts governmental tax revenue.. (The equality must
hold on the last tax day of the world because there is no real use for cur-
rency beyond that date.) The reasl value of money is thereby determined by
the private value of currency as an asset required for peying taxes. This
value is "non-monetary"; it is not a reflection of the value of money as

a medium of exchange as it is in standard monetagy theory. Money in our
model receives no premium for its liquidity because sufficieﬁt quantities
are always costlessly, competitively supplied.

Equation (23) should not be taken to represent a "currency-
quantity theory" because: (1) It only holds at certain dates so that the
"velocity" term does not represent a rate of turnover of a given stock of
money over time (currency supp;ies between tax collection dates are irrele-
vent), (2) the "velocity" term is set by the government as the resl effec-
tive income tax ra£§ ratﬁer than determined b& the complex workings of the
private economy, and (3) quantity theories -- whether represented by
price-specie-flow mechanisms, the Ehglish Currency School, or the monetafy
theories of Marshall, Fisher, or Friedman -- all assume away any indepen-
dent, non-monetary determination of the price level or aggregate income;
our causal releveance is from the independently determined price level to
the total mohey supply rather than vice versa.

Although fiat money bears no direct interest, the presence of perfeétly
substitutable, competitively supplied paper monies implies that holders of

currency must gain through the steady real appreciation of their currency



(at ﬁhe corresponding owﬁ ?eal rate of interest) as the upcoming date of
tax bayment-satisfying the above equality‘approaches. At such dates, the
government will hold all of the currency. Therefore, a jump in the price
level immediately fblloﬁiné such dates implies no coét to any individual
since no one is a net owher of currency when the price jumps. (Competitive
suppliers of money convertible into currency at a fixed intertemporal rate
must, however, compensate anyone who holds their monies through such periods
with an "interest" payment equal té the percentage jump in the price-level.)
-Such Jumps in the price level are, in general, required in order to satisfy
the price solution implied by the.next date of tax payment satisfying the
above equality. Thus, & price level solution to this model is a function
over continuous timé‘which falls at the corresponding real rate of interest
up to a certain tax payment date, at which time it jJumps discontinuously and
then again follows the deflationary path to the next tax payment date for
which the equality again holds. 'Tpis continues on until the last date of
tax payment in the world, when the equality must hold. (We assume that there
is no demand for money after that date.)

The tax payment date at which the equality must hold immediately preceding

the last tax payment date is, moving backwards in time, the first date for

. vhich the currency supply is less than the taxes which would be paysble if
wé used the price level impiied by the deflationary path to the last tax
period ~-- i.e., for which the rate of growth of aggregate real taxes to the
last tax date exceeds the sum of the cérresponding real rate of interest and
the growth rate of the curfency supply. If such a tax date exists, then the

immediately preceding tax date at which the equality must hold would be the



32

first tax date, again moving back in time, for which the growth rate of real

taxes to this date exceeds the sum of the corresponding real rate of interest

and the growth rate of the currency supply. This procedﬁre continues on
back to the present period.to deterﬁine all of the dates in which the
equality must hold. For any other date, the supply of currency is less than
or equal to the demand for currency to pay current taxes given the price
level function derived above.

‘It is apparent from our equation describing equilibrium in the currency
market (not the money market) that equilibriﬁm income is determined solely
‘by the currency (not money) supply and tax rate as long as all taxes are income
taxes., This is a direct way of showing that the Keynesian shifts, shifts
- ;n the marginal product of capital, in aggregate expenditure and thus the
expected rate of inflation, and in liquidity preference, have no effect on
equilibrium income in our model,

The variable that determines unemplgymenb is the price of currency
relative to lebor. If the government controls only the demand or supply of
currency so as fo keep this relative price constant (or otherwise predictable)
from one peak tax payment date to the next, then there is no involuntary
unemployment. The potentiel for superiority of the competitive, curréncy-
standard system over s classical monetary system, which has copvertibility
into a real commodity, lies in the potentially zero cost of achieving an
announced price of the asset that bﬁcks money relative to wages. The same
potential exists for a Modern Money Model., An announced money price of labor
can also be achieved by manipulating the aggregate money supply of that model.
However, while the money supply in & Modern Money Model must Be manipulsated
to offset thé various Keynesian shifts, such is ﬁot the case in the current

model. Thus,
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while a complete, empiricaily specified model of the macro economy is
necessary to achievé an snnounced wage level in a Modern Money Economy, no
such grandiose empirical model is required to achieve the announced wage
level with our competitive mbney model. In our model, the government need
oniy make the currency supply grow at the growth rate of peek period real
taxes evaluated in terms of labor in ofder to insure full employment.¥* Fur-
thermore, our competitive, currency standard economy is statically efficient

and does not have the stability problems of & Modern Money Model.

*Thus, since C = tP Q t . % = tsWL, in order to keep money wages constant,
C need only satisfy: % ::--* -§-+ PI: ; where the dot over the variable signifies

{ts derivative with respect to time. For a constant price level, which would allow

involunta.ry unemployment , but only that due to shifts in the productivity and

)
t Q"
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supply of labor, the formuls is simply:
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