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1This papei addresses an issue that has dominated the literature on

growth in a monetary economy -~ the effect of the rate of moneta?y expan=
sion on steady-stgte consumption per capita and incomg distrihution. This
issue divides natura;ly into two questions. 1In the first place, does money
have any re&l effects at all? This question is usually phraéed in texms of
the supernegtralityl‘éf_mqney. Secondly, if money is not superneutral, are
its effects on real variables nonetheless predictable? |

The»early contributions to the litera;u:e,2 based on_descriptive (non~
optimizing) analysis, are unified in their rejectidn of superneutrality.
Their rejection stems from the argument that money and caéital are substi-
tutes in the eyes of portfolio holders. A change in the rate of monetary
expansion changes the rate of inflation and thus the rate of return oﬁ
real balances. This sets iﬁcome and substitutién effects ihto métion
which alter the real equilibrium of the system. These contributidns are
- less unified in thei; conclusions on the predicﬁability of these real ef-
-fects: the_souide of the ambiguity beiég the relativé sizes of the in-
~come and subsi:itution.effects,_3

These analyses have been justifiably criticized on the grounds that
the portfolio 5ehaviour they reprgsent is nof, in genefal, derivable from
rational utility—maximizing,foundations. An alte;native approach, paéed
on explicit opﬁimization, was first formulated‘by Sidfauski (1967a). His
typical agent is an "immortal‘family" whose siée grows at a constant rate.
The fémily maximizes the presentAvalué of its intertemporal stream of
utility per head where utility is an inc:easing function of consumption
and real balances. In this model, the steédy—state capital intensity con-
verges to the modified golden rule levei‘and is invariapt to changes in

the rate of monetary expansion.
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In contradicting such a widely accepted result, Sidrauski re-opened
ihterest in an issue of central importance to mohétary theory and policy.4
 The restrictive nature of his assumpﬁions, however, led several economists
to question the generality of his result. In'their survey of recent de-
velopmenté in ﬁonetary theory, Barro and Fischer (1976) suggest that super-
‘Leutrality may be dependent upon the éssumption of an infinite-lived house-
hold with a fixed discounﬁ rate. Their séeculation gains support from
Drazen (1976) who shows that superneutrality is not, in general, a property
of models with money and capital assets in which individuals have finite
horizons. Dornbusch and Frenkel (1973), on the other hand, suggest by
counter-example thatFSuperneutrality is a consequence of the‘assumption
that the yield on capital is independent of the real quantity of money.
None of these authors indicate whether théy are concerned with necessary
or sufficient conditions, nor do they distinguish between conditions for
superneutrality and non-superneutrality.

The optimal control framework in which Sidrauski's model is cast does
not lend itself readily to alternative assumptions. This makes it diffi-
cult to identify which of his assumptions are necessary and/or sufficient
for superneutrality. Inethis paper, I approach the problem within the
framework of the overlapping-generations model. Inclusion of é bequest
motive enables us to replicate Sidrauski's analysis while retaining the
flexibility to relax.each of his assumptions.

The overlapping-geherations equivalent of Sidrauski's immortal-house-
hold model is preéented in Section I. In this section I show that, of the
assumptions that he makes,‘thevfollowing five are sufficient for super-
neutfality:

(1) Eéch individual has an infinite optimization horizon.
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(ii) Each.individual has an intertemporally adaitively separable

utility function with a constant discount rate.
(1ii) - All individuals are identical.
(iv) Money is an argument in the utility function.

(v). »The pr:.vateS rate of return on capital depends upon the capital

lnten81ty only

While these conditions are sufficient for superneutrality in Sidrauski's
model, they need not be necessary° of partlcular 1nterest is the posszblllty
that plausible alternatlve formulatlons of the optlmlzatlon problem are
capable of generating superneutrality undex assumptlons less restrlctlve
than (i)-(v) above. This issue is taken up in‘Section II. Tﬁe model is
extended to include a wider range of assets, and an alternatlve treatment
of money. fThese extensions suggest tha of che above assumoulons, only {v)
and a weaker version of (iv), namely, that the private rate of return on
money depends upon the level of real balances held, need to be regarded as
necessary conditions for superneutrallty in the more general class of opti-
mizing models. By implication, the absence’of either one eillvbe suffi-
cient for non~superneutralityf The case for superneutrality is not strength-
ened, however, because the aéditional assumptions needed under these exten-~

sions are as restrictive as the ones they replace. Section III makes some

brief comments on non-superneutrality and the predictability of the rela-
tionship between the rate of monetary expansion and the steady-state capital

: intensity.
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I. SUFFICIENT CONDITIONS FOR SUPERNEUTRALITY IN AN OVERLAPPING-

GENERATIONS EQUIVALENT OF SIDRAUSKI'S MODEL

The purpose of this section is to isolate the key assumptions in
Sidrauski's Superneutrality conclusion by replicating his result in an
overlapping-generations framework. The basic model is in the tradition of
the two-period Samuelson.(1958)-Diamond (1965) consumption~loan model with
production. Some of the implications of introducing money to this model

have been explored by Drazen (1976) and Starrett (1978).

I(a) The Structure of the Model

The economy cohsisﬁs of overlapping generations of identical individ-
uals,6 each of whom lives for two périods (denoted by the superscripts 1
and 2). Saving.takes the form of accumulating real money balances or cap-
ital. This allows individuals to aliocate consumption intertemporally
given the constraint that they work in the first period and retire in the
second. Each individual cares about the welfare of his descendant and can
.influence the descendant's ﬁehaviour.through bequests. Firms produce a
single, non—depreciating7 output according to a constant-returns-to-scals
production function with labor and capital as inbuts. The economy is fully
decentralized and all markets are competitive.

In each period t , the governmeﬁt has on issue a stock of nominal

money balances, Mt - It expands the stock according to the rule

Moo= (1 + 0,

where 6 is the chosen rate of monetary expansion. I will assume that the
new issue of money in each period, eMt_l ¢ is paid as a transfer to the

young generation.8 Real per capita money balances are defined as
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mt = Mt/PtLt where Pt is the absolute price level, and Lt is the labor -

force.

It will be useful at this point to list the main assumptions made by

Sidrauski in his analysis of superneutrality.
(i) There are a finite number of infinite-lived individuals.

(ii) The individual's utility function is additively separable

- with a constant discount rate.
(iii) a1l individuals are identical.
(iv) Money yields utility directly.

(v) The»private rate of return on capital depends upon

the capital intensity only.
(vi). The labor'supply is perfectly inelastic.
(vii) The individual knows the production technology.

(viii) The individual has adaptive expectations about inflation.

I(b) The Individual's Choice Problem

The individual's concern for his descendant is expressed through a
bequest motive. This assumption replaces (1) above and is modeled by in-

cluding the maximum utility attainable by the descendant, , as an

*
Ut+l
argument in the individual's utility function. His utility function will
thus be defined over first- and second~period consumption, cl and ¢

, . ;
respectively, real balances, s , and Ut+l -  The counterpart of (ii) is

that the utility function is additively separable with respect to the des-

. - ' ' 9
cendant's utility and has a constant interpersonal discount rate, & .




-6 -

Using (iv), the individual's utility function can be written as

*

t+l/(l + 6)

1 2
(1) Ut = V{ct, C, s st) + U

where V(<) is assumed to be strictly quasi concave, and to satisfy the
Inada conditions. Henceforth, I will drop the time subscript whenever
there is no ambiguity.

In the first period of his life, the individual supplies, inelastic-
ally, one unit of labor. He receives as income, a real wage, w , and a
monetary transfer payment from the government. TLet h denote the real
value of transfers.lO The individual divides his total income between
consumption, purchases of capital, angd holdings of real balances. .Second-
period consumption and bequests are financed from savings and bequests re-
ceived from his forebearer, where rates of return are assumed to be per-

fectly foreseen.ll Thus, he faces the following budget constraint:

(2) cl +a+s<v

2 k m
¢ + (1 + n)bt < (1 + rt+l)(a + bt—l) + (1 + rt+l)s

where v =w+ h is total real first-period income, a is his holdings

. k
of capital, (1 + rt+l

. m
on capital, (1 + Tl

) is the (perfectly foreseen) real market yield

) is the (perfectly foreseen) feal market yield on
real balances, bt is the per capita bequest that he leaves to'his des~

cendant, and bt—l is the bequest that he receives from his forebearer.

The analysis is simpiified greatly, without altering any of the fesults,

if we assume that bequests aré made entirely in the form of.capital.

. . 2
The first-order conditions for a maximum of (1) subject to (2) arel

k) if > then a =20

(3) Vl/vz_z (1 + LY ,
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(4) Vl/V2 = (1 + rt+l) + V3/V2

(5) {1+ n)V2 % But/abt - ’ if ‘>‘ ;hen b =0
. : A v

whe:r_e‘_vi’t_l_j is'the genefgl notation for the>pértial derivative of Vv (-)
with ;espect to its ith argument for a member of‘generation: t+j .

The interpretation of these conditions is straightforward. Accumu-
lation of money and cépital are the two available mechanisms through which
the individual can transform first-period consumption into second-period
consumption. Each asset will each be accumulated until the marginal rate
of substituting present for future éonsumption (that is Vl/V2 ) is equal
to the marginal rate of transforming present into future consumption. The
marginal rate of traﬁsforma#ion7under money includes the utiliﬁy yield as
well as the market vield. A bequest involves a sacrifice of second-period
consumption. Equation (5) states that the utility from giving a bequest
must equal the consumption utility foregone (with the units adjusted for
the rate of populati§n’g;cwth).

A unit of bequests provides the descendant with (1 + rt+2)dbt. of
extra endowment in the second period of his life. He can consume it as
ci+l ; consume it as ci+l (provided that he an#icipates the bequest),
leave it as a bequest, bt+l + to his déscendant, orrsome combination of
the three. If the descendant is at a utility maximum then he will be in-
different between any of these actions that are already at non-zero le#els.

As a result, we can use his budget constraint to measure his utility from

a bequest as

o /8= (L + £k )V

e+l t+2’ V2,041

This enables us to express (5) in the convenient form
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4 l+rf < Q+na+ 8§V, /v

5
( ,t 2,t+l

I(c) Equilibrium in the Aggregate Economy

The aggregate economy is assumed to consist of overlapping genera-
tions of identical individuals. . In each period there are two generations
living: Lt young individuals born at the beginning of period t , and
Lt—l old individﬁals born at the beginning of period t-1 . Population

grows at the constant rate n , so that
_ t
L, = Lo(l + n)

Technology is described by a linear homogenous production function in

capital and labor. This can be written in per capita terms a513

y, = £f(k) £ >0, £'<0, £(0) = 0

where y is per capita output, k is the capital intensity, and f(f)
satisfies the Inada conditions. Markets are assumed to be competitive

so that each factor of production receives the value of its marginal

product

(6) w, = f(kt) - ktf (kt) and
k _ o

(7) xr, = f (kt)

Under the assumption that capital accumulated in one period becomes
available for production in the next period, the general equilibrium
of the system in period t is described by the following conditions

for equilibrium in the capital‘and money markets

’ m m k _ .k
(8) £ ([a(vt, Ty rt+l) + b(vt; Tieyr rt+l)]/(1 + n)) = Tirl
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bl k
(9) SWer Tiygr Ty = m,

where a(-) , b(*) and s(.) are the demand functions found by solving
(30 (4 and (5') and £ - - (Peyy ~ P)/P,,; - These market equilibriun
conditions solve for rt+l and Pt » which in turn generate values for
kt+l and m, . The equilibrium path of the economy can then be described

by a difference equation system in either ¥ and P, or k and m .

I(d) The Steady-state Properties of the Economy

The question of superneutrality involves the comparative dynamics
pProperties of the steady state of the system described above. In the

steady state, the following relationships hold:

(10) o | v(k,m,0) =,W(k) + h(G,m)
(11) ' ' h(6,m) = 6m/(1 + )

(12) - w(k) = f(k) - kf'(k)
(13) | L4500 =1+ £ ()

(14) | Y £0) = (L +m)/A + 6)

where (14) is derived from the steady~-state requirement that real baiances

per head be constant. The steady-state market equilibrium conditions are

it

{(15) ) A a + b (1 + n)k_
(16) Co s =

Substituting equatlons (10) (16) into the budget constraint (2) deflnes

the steady-state consumption levels
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(17) ¢ (kvmb,8) = w(k) - (1 + mk + b - 0/ ((1 + 6)

®(k,m,b,8) = (1 + n)(1 + Sk - (1+ b+ (1 + n)m/ (1 + 6)

The steady-state properties of the system are contained in the steady-
state marginal conditions obtained by substituting (10)-(17) into (3)-
(5).

Vl(k,m,b,G )

(18) — - 1+

V (k‘vm,b’e)

2

v, (k,m,b,0) (L+n)  V(km,b,0)
(19) ~ = + -

V, (k,m,b,0) (1 +86)  V,xm,b,6)

X

(20) (L+n)@+8) > 1+

where the equality in (18) follows from the restrictions on £(-) ’
and V, (k,m,b,8) = v, (kym,b,8) , oX(c,mb8),m) for i e 1 , 2 and
3.

To replicate Sidrauski's model, we need to assume an interior solu-
tion with respect to bequests so that (20) holds with equality. Given
this assumption, (20) determines the capital intensity at the modified
golden rule level. Equations (18) and (19) solve for steady-state real
balances andg bequests, given the golden rule capital intensity and the
monetary growth rate. 1In this system, money is superneutral.

We can describe the generation of superneutrality in the following
way. Steady-state equilibrium requires equality between the marginal
rate of substituting c2 for cl and the marginal rate of transform-
ing cl into 02 under each of the three transformation schemes:
capital, money, and bequests.ls One of these transformation ratés -

that on capital -- ig a function of the steady-state capital intensity
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only. 1If either the marginal rate of substitution or one of the other
transformation rates is independent ofrsfeady—state real balances, be- -
quests, and the mongtary expansion rate, superneutrality will result.

The monetary ifansformation rate is ruled out as a possibility because

r@. is necessarily dependent on 0.16

I(e)vgggerneutrality‘v

The superneutraiity éonditions afé met'in Sidrauski's modelxbecause
the marginal rate of substitution is anuexogendué étéady-state constant.
In the overlapping—géneratioﬁs deGIVAbOVe, superneutrality follows from
the exogenous constancy of the steady-state marginal rate of transform-
ing cl into c2 through bequests. The latter éanvbe interpreted as
. the finite-lived analogue of the former. In the first place,(5") sug-
gests that the transformation rate dﬁdef bequests can also be -interpreted

as a marginal rate of substitution -- an intergenerational substitution

rate of ci+l for ci - From the optimality conditions, this transforma-
tion rate can also be translated into a substitution rate of ci+1 for

ci’ . Secondly, in the infinite;-lived model, steady-state cbristancj of the
capital intensity implies coﬁstancy of‘péf capita consumptioﬁ for each in-
dividual. 1In the finite-lived model, consﬁancy‘of the capiﬁal inﬁensity
implies constancy of thé life-time coﬁsumption pattern from oné genera-
tion to the next. Stationarity between pe;iods with infinite lives is
equivalent to stationarity between generations with finite lives. Thus,
assumptions about intertemporal substitutability in the fotﬁer have a
natural parallel in aésumptioﬁs about intergenerational substitutability
in the latter. In»pérticular,-the'same set of assumptions will be re-

quired for each of the substitution rates to be an exbgenous constant in
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the steady state. These assumptions are contained in the following

Proposition.

PROPOSITION: 1In the model described by (18)-(20), the following condi-

tions are sufficient for neutrality:
(i) Individuals have an (effectively) infinite horizon.

(ii) Each individual has an additively separable utility function

with a constant discount rate.17

(iii). All individuals are identical.
(iv) Money is an argument in the utility function.

(v) The private rate of return on capital depends upon the

capital intensity only.

To prove this proposition consider relaxing these assumptioné one at a
time. Relaxing (i) is equivalent to assuming that the individual is at
a corner solution with respect to bequests. In this case, (18) and
(19) solve for k and m, given 6 . As both equations involve all
thrge variables, non-superneutrality will result. If we relax (ii), we

must allow utility functions of the general form

1 2 *
U, = vVv(c ,¢7,s,U

t t+l)

In this case, (20) becomes

~

(20') (L + )V, Gomb,0) > 1+ £ (k)

The marginal rate of transformation under bequests is no longer indepen-

dent of m , b and 6 and non-superneutrality will follow. If
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assumption (iii) is relaxed, discount rates may- vary between individuals.
This implies that some 1nd1v1duals are necessarily at a Zero~-bequest corner
solution. Changlng the rate of monetary expansion may change the marginal
individual who determines the corner. If assumption (iv) is relaxed, the
transformation rate under money is just the market yield, 1 + rm-, which
is also a stéady—state constant, given 6 . In this situation, unless
(L+38)(1+0) =1, eiﬁher bequests or money will be at a corner solution.
If money is at a éorﬁer solution then it is superneutral, but in a trivial
sense; the‘model cannot be iegarded as a plausible description of monetary
behaviour if no-one holds money. If bequests are at a corner solution then
the 1nf1n1te horlzon is lost and money is non—superneutral. The inclusion
of money in the utility function allows‘both;an infinite horizon and posi-
tive money holdings to bo-exist in the steady state. Finally, if (v) does
not hold, the constancy of the transformation rate under bequests is no
longer sufficient for Superneutrality. Assumption (v) excludes the follow-
ing: 1long-run uncertainty about rk » money in the production function,
capital in the utility function, énd-production functions other than con-

stant~returns-to—scale.18

II. NECESSARY CONDITIONS FOR ' SUPERNEUTRALITY
| IN A GENERAL OPTIMIZING FRAMEWORK

In the preceding section, I attempted to iszolate tie key sourcesqu
superneutrality in Sidrauski's model. The factors suggested by Barro and
Fischer, and Dornbusch and Frenkel were shown to be relevant but not suf-
ficient by themselves for superneutrality. Theii suggestions can be view-
ed more as attempts to identify some of the sufficient conditions for non-

superneutrality. In this section, I will consider altering the specification
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of the model in oxder to determine which, if any, of the five assumptions
listed above are necessary for superneutrality in the general context of
optimizing models.

A logical starting point in the search for general necessary condi-
tions for superneutrality is with the first-order conditions for the indi-
vidual to be at a utility maximum, (18)-(20). 1In a multi-periodlg, multi-
asset model, these marginal conditions will require equality between all
marginal rates of substitution and transformation20 of comparable time
dimensions. The transformation rates will include market and non-market
vields as perceived by the individual. We can write the steady-state rep-

resentation of these conditions in the convenient form
(21) | RS (k,m,...,8) > R3(k,m,...,0)
Tt g 7 I 4 __,[.t ity I

where TRE is the intertemporal marginal rate of substitution, as per-
ceived at time t , on any feasible commodity pair ¢ = {cz,ci} ; Where
the commodities c% and cB are separated in time by T =a - 8 , and
a |, . . o, B .

TRt 1s the marginal rate of transforming ¢~ into c by holding the
asset, a , for the period T . The other elements in R° and R will
be the steady-state values of the other assets in the system.

In a general optimizing model, superneutrality requires the follow-

ing three conditions:

(a) One of the steady-state substitution or transformation rates,

i . i _ i
TRt r must have the form TRt(k,m,,.,,S) = TRt(k)

(b} Another of the substitution or transformation rates, TR

14

.

must have either one of the two fofms TRi(k,m,...,e) = TRg__(k)

or TRz(k,m,...,e) = Tﬁz , wWhere Tﬁz is a constant.
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.(C). The assets (or commodities), i and: j , as well as money
must be held (consumed) in positive quantities in the

steady state.

These condltloqs leave open a number of avenues for‘ccntr1v1ng a'
: euperneutrallty result 21' Common sense dlctates that we restrlct our~
selves to economlcally plau51ble cases. There appear to be two exten—
31ons of Sidrauski’ 'S model that are worthy of 1nvestlgatlon. expanding
‘the range of assets, and spec;fylng the role of money in alternate ways.

Con51der the model of Sectlon I w1th assumptlon (v) in force. Sup-

- . pose that we 1ntroduce a new asset, a . Prov1ded that a does not en-

- ter the utility functlon (or affect margznal utllxtles 1nd1rect1y through
uncertainty), neutrallty will follow 1f the real market yleld on a is
figed. An external asset, such as forelgn capltal, could serve thls func—
tion. The rate of return on the forelgn capltal would need to be determln—
ed entlrely in the rest of the world., It would also have to be free of
any long-run uncertalnty about either the productive process or the exchange
»rate.zz Superneutrallty in these instances wlll be 1ndependent of assump-
tions (i), (11) and (111) Assumptlon (1v), (or the weaker version that
follows below), is Stlll needed if both money and the flxed-yleld asset
are to be held in prlvate portfol:.os.23 |

One of the more controversial assumptions in Sidrauski's analysis
is his treatmehtAof money as yielding utility directly. The fact that
this assumption is an essential link in his superneutrality argument is
all the more reason to investigate alternatlve specifications of monetary
behav1our.

There are two main schools cf‘thought on how to model the roles of

money. The neoclassical approach24 includes money directly into the
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utility function on the grounds that money yields a flow of non-pecuniary
transactions and liquidity services. The alternative inventory-theoretic
approach25 attempts to model these transactions costs explicitly. The impor-
tance of including money in the utility function in Sidrauski's model is
that it providé$ a link between the private yield on money énd the quantity
of mone§ held, thﬁs ensuring that money is held as an asset. The question
is wheﬁher or not the inventory-theoretic”approach also provides this link.
The answer is "“yes" aithough the relationship is considerably mére complex.
The essence of the inventory approach’can be stated quite simply. For a
given transactions technology, the individual will hold the quantities of
méney, earning asset, and commodity inventories that minimiée .the cost of
achieving é desired pattern of consumption within each period. A change in
fhe monetary expansion rate changes the structure of transactioﬁs costs
which changes both the cost-minimizing level of réal balances and the impli-
cit private yield on those balances (rm plus transactions cosﬁs saved).
For reasonable transactions technologies, money will always be held in
positive quantities. Thus, we can replace assumption (iv) byuthe weaker
assumption that, over some range of money holdings, the private real rate
of return on real balances varies with the quantity held. This could re-
sult from including monef in the utility function or from transactions

costs.

III. NON-SUPERNEUTRALITY: THE RELATTONSHIP BETWEEN THE
CAPITAL INTENSITY AND THE RATE OF MOWETARY EXPANSION

The principal conclusion of the preceding two sections is that super-
neutrality requires excessively stringent restrictions on behaviour. If

we are prepared to relax some of these assumptions and consider
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non-superneutralit&nas'the likelyZState of the world, can we say anythlng
about the predlctablllty of the real effects of changlng the rate of mone-
tary expan31on? k

The most general analysis‘of the relationship between the capitel in-
tensity and the monetary expan81on rate in an expllclt optimizing framework
is that by Dornbusch and Frenkel. They use Sldrauskl s model, in which the
steady-state marginal rate of substitution is fixed, and generate non—super—
neutrality by arbitrarily including capital in the utility function and
money in the production function. The latter of these violates assumption
(v) so that money is non-superneutral. Withvthe marginal rate of substitu-
tion fixed, the solution for dk/d0 is a mixture of the utility and produc-
tion effects of money and capital on their private rates of return. Given
the arbitrary way in which they treat money and capital, it is hardly sur-
prising when they arrive at the superficielly paradoxical conoltsion that
increasing the rate of mohetary expansion decreases the capital stock.26

The analysis in Sections I and II suggests that Dornbusch and Frenkel
have relaxed probably the least objectlonable of the five assumptlons need-
ed for superneutral;ty in sidrauski's model. Non—superneutrallty is more
llkely to result from fallure of one of the assumptlons (i)~ (111) needed
for the marginal rate of substltutlon to be an exogenous steady-state con-
g stant. With the marglnal rate of substltutlon endogenous in the long run
'dk/d8 is amblguous regardless of the roles a551gned to money. Further,
the ambiguity is not ea51ly resolved by arbltrary assumptions about own-
and cross—derlvatles. The use of a well-specified optimization frame-
work does not help us to untangle the general-equilibrium relationship be—

tween the rate of monetary expansion and the steady-state capital intensity.
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IV. - CONCLUSION

The main purpose of this paper Has been to establish that the long-
standing Ssuperneutrality result due to Sidrauski is dependent on an un-
realistically reetrictive set of assumptions. Using the overlapping-
.generations framework with money, capital and bequests I showed that

superneutrality requires:
(i) An infinite optimization horizon.

(ii) Aan additively separable utility function with a constant

(interpersonal) discount rate.
"(1ii) Identical individuals;
(iv) A utility vield on money; and

(v) A private rate of return on capital that depends only

on the capital intensity.

If a transactions cost approach to monetary behaviour is followed, the
assumption that money yields utility directly can be replaced by the weaker
assumptlon (iv) that the prlvate yield on money depends on the quantity
held. In a multi-asset setting superneutrality may result if assumptions
(v) and either (iv) or (iv"™) hold:, and there exists an asset on which the
real rate of return is either exogenously fixed or depends on the capital
intensity. This framework reinforces the argument that the relationship
between the rate of monetary expansicn and the capital intensity is ambig-
uous w1thout specific numerical knowledge of the parameters of the econ-

omy.




(1)

(2)

(3)

(4)

(5)

(6)

- 19 -

FOOTHOTES

Reserve Bank of Australia. I am indebted to Alan Drazen whose useful

- suggeéstions in the early stages of thls work played an 1mportant role

in shaplng the final formulatlon of the problem. I am also grateful

to Willem Buiter, Ed Green, Alan Blinder, and partioibants in the

.'Princeton Seminar on Research in Progress for helpful comments. Reg-

ponsibility for the views expressed and any remalnlng errors is sole-
ly my own.

In the general class of models con51dered by the llterature, money is
always neutral in the sense that a once-for-all change in the level of
the money stock has no real effects. This concept of neutrality is dis-
tinguished from superneutrality which concerns the relatlonshlp between

the real variables of the system and the rate of growth of the nominal

‘money stock.

See, for example,. Tobln (1965), Johnson (1967), Sidrauski (1967b), and
Levhari and Patinkin (1968).

The importance and interpretation of this effect is brought out clear-
ly by Dornbusch and Frenkel (1973).

For example, superneutrality is 1mpllclt in the modern ver51ons ‘of the
natural rate hypothesis as put forward by Frledman (1968). See the
subsequent work by Sargent (1973) and the bapers by Lucas that he re-
fers to.

The term “"private" is used to refleot all sources of yield perceived by

the individual -including the market yield, utility yield and so on.

- The basic consumption unit is the household but as the analysis does

not distinguish between the'household and its members, I will refer

to it as though it consisted of a single individual.
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Sidrauski includes a positive depreciation rate. For the purpose of

examining superneutrality, deoreciation is an unnecessary complica-

tion that does not influence anv of the results, and so is ignored.

All results in this chapter are unaltered by distributing the transfer

to the old generation or some combination of the two generations.

An intuitive justification of this assertion will be given in Section
I(e) below. ‘

We rule out the possibility that the individual regards h as an in-

terest payment on his money holdings.

The use of perfect foresight instead of Sidrauski's Assumptions (vii)

and (viii) do not alter the superneutrality properties of the model.
. . 1 2

The assumptions about V(<) ensure that ¢ , ¢ , and s are
strictly positive and that the budget constraints hold with equality.

This also ensures that equation (4) below holds with strict equality.

Throughout the paper, lower case letters will be used to denote per

capita guantities.

Note that the definition of superneutrality as the relationship be-
tween k and 8 1is quite narrow. Monetary growth still affects the

division of life-time consumption between the two periods.

Bequests are simply a disguised means of reallocating life-time con-

sumption -- see equation (17).
Given the assumption that interest is not paid on money balances.
The reader is reminded that additive separability in Sidrauski's

model relates to interpersonal consumption in the overlapping-gener-

ations model.
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As pointed out by Brock (1976) , if the labor supply is chosen endog-
enously then assumption (v) requires linear homogeneity of the produc-

tion function for ‘superneutrality.

Multi-period is defined here to mean that the individual lives for

more than two periods.

Transformation rates on assets not held by the individual will be less

than the corresponding substitution rates.

For example, suppose that assumption (v) holds and the utility func-
tion (1) is additively separable and linear in c1 and c2 . In
this case, the marginal rate of substitution, v /V2 s 1s a constant.
This utility function, however, is not quasi-concave and does . not
present a convincing argument for superneutrality. I am grateful to

Leo Simon for pointing out this particular example.

The economy in thls instance would be a perfect small country case

and would behave accordlng to the rules of the monetary approach to

the balance of payments. For example, see Johnson (1973b).

Another asset that could generate superneutrality is an indexed bond

~ .issued by the government and-.offering a fixed yield. In this model,

in which money only performs an explicit assét function, indexed
bonds are essentially equivalent to paying interest on money and so

contravene the ground rules of the superneutrality debate.

For example, see Friedman (1969), Johnson (1973a), Samuelson (1968),
and Patinkin (1965).

This approach follows Baumol (1952) and Tobin (1956).

This conclusion requires own-derivates to be negative, cross-deriva~

tives to be positive, and own-effects to dominate cross-effects.
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