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ABSTRACT \

~

The thesis consists of three essays whicﬁ»inve§jigate the relative

effectiveness of monetary and fiscal policy.

IS

The first essay analyées the effect on the real rate of interest |

of changes in the rate of price -inflation and monetary growth which - h
. g - . «> s . -
finance either fiscal policy (changes in the tax ratg) or financial

pblicy,(ghangegﬁin the.bond/ﬁoney ratio). The seCond essay investigates

- [ "

the relévance_with respect .to market andiaggregate output of tax versus

- .
. .

. ’°“abney'fipanced governﬁent expenditure in a naﬁu%al rate modeT .. The = (

third essay scrutinizes ‘the prediction made by Turndvsky and Brock

« * o

(1980) ‘that if fiscal authdvities do not have access to the rate of
monetary ekpahqioﬁ‘any-optimaT:deicy:wiT} be }img in&onsistédt..uf L
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- INTRODUCTION R
The thesis consists of three essays which investigate the relative
effectivene§s of monetary and fiscal policy. In this introduét1on,ﬂthe

essays are symmarized with their primary conclusions.

I ESSAY 1 ' ¢ S
The first essay, entitled "Inflation, Fiscal Pol/cy and the Eegl
" Rate Qf Interest”, addresses the issue of the ?éspeﬁéiveness of the real
rate of.intere;? 6n‘h0minal, interést bearing government de%t té chéngeﬁ

.

‘iR the rate of inflation.s

ﬁécent‘research has rerexamined the Mundigl-Tobin predictjoh that

an increase in inflation will cay%é a sggstitution'away from non-interest

beacing aséeﬁs to 1ntérest peariné.real and nomina]'assets, %edu;ing

their real- rate of interesf. This predfctioﬁ {(ost often assb&iaked

with Tdbjn (1965), Munde 1l (1963f;én6 Fisher (193Df) has been édd}essed

bz a H;mber of a?tho;s including Patinkin anH’Levhari (1972), f%ied and "
_ Howitt (i983)'ah& Stockm&F:(IQB}), who égéuéptpat the 1mpaEt of inflation

06 real rates will depend on how the }{qqidity.services of assets are

modeled. Frjeg‘énd Howitt argue thag while the real rate on capiia] may
_'be tied tb the gate of £3me preferepce tin a Sidrauski, steady state, con-

text) the efféct of,inflation'on>the real rate oﬁ‘government bonds_wi]1'

4

depgnd on the tranéactionﬁ'technology assumed. Stockman gemonéﬁfates in
a'cash-in:%dqanceI;oné;xt, that 4f cash in 52vance of capita1.purchase5‘

S 1s.required, an increase in the~inflation rate will reduce the net retdﬁnﬁ
‘,on.cépita1 since the -cost of holding cash %o? capital purchases rises. R

The effect will be to reduce the demand for capital and 1ncreaseAthe

. -steady state return on capital. ) ‘ .



b a
; .

Other papers by Felhstéin (1976, 1980), Martinsq(1980) and Sargent
(1976) - also démonstrapé'an ambiguous impact of 1nf1a£ion on the real
rate. The empirical‘eviéence, thch includes papers by Fama (1975, 1977,
1979),.Lucas (1980):~Summers (i981), Nelson and ‘Schwert (1977) and
~Mishkin (1981, 1984), tends to favour the Mundell-Tobin prediction.
While Fama argues that the real rate is 1nvarianpito changes 1in the n-
flation rate (indicating a super-neutrality result), Misﬁkin (1981) and
Nelson and Schwert (1977) show that tiere is a negative correlation between
the real rate and 1nf1§tion. Summers finds that, with the exception of
a few subperiods, thé real rate was negatively correlated with inflation
in the U.S. Mishkin .(1984), ié—a multi-country study finds id all cases
a negative cor;e1étion between real fates and expected 1nfi&tion. Thus;
there seemé to be an empirical consensus as to the quafitat1ve iﬁpact
of price inflation on 'the real rate. This conclusion is‘supported by

recent real rate {ex-post) behaviour which appears to be negatively re-

a

lated tdhflation.

th1e, in general, real rates appear to decline in the face of an
increase in the inflation rate, there cqﬁ be Tittle doubt that a s?ng]e
equatiop relating the two variables does not fully explain recent
interest rate béhaviour; In an atteﬁpt'tolngconc%le the stylized fact
that high inflation rates may be associated with either high or low
. real ratésﬁ(o? evén'ﬁégétive real rateé)‘a-model is presented in thch
‘fﬁe Samuelson}%ﬁ:dvérlabbing generations’ paradigm is‘aqopted.» Agents

are assumed to live three peridds and receive an exogenous endowment

or income in their first period of 1ife. Since the endowment is

®
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non-storable and agehts receive utility from consumption in each period
af 1ife they will demand nom%na1 money and bonds as stores of value. As
suggested by Mart}ns C1980),Imoney and bonds may be differentiated by
the assumption that bonds qre‘infinitely illiquid if held for less than
two periods. Thus, bonds will be held only as a store of Qq]pe from
the first period of 1ife to the third period. In the steady state, if
bonds bear” a positive nominal interest, so,that their return dominates
that gf money, bonds wi%] be held to finance the total of third period

conSumption and real balances will finance second period consumption

solely.
. ” |
The economy is illustrated schematically belgw. At each point in

discrete tjme, four economic agents operate; the government, a young

agent, a middle-aged agent and an old agent.

As illustrated, at a given date t, the young person receives exo-
genously an endowment of a non-storable consumption good. The middle-
aged and the old agents must trade storable assets with the young agent

- to finance their consumption as they receive no endowment.

There are two such assets, issued by the government (private debt

is assumed not to exist); fiat currency and nominal bonds. Bonds are

-~

distinguished from currency through the assumption that they are non-

LY

transferable and require two periods to mature. Since they are illiquid

'

if held for two periods, théy will be purchased only by the young to

finance third period consumption. It is also assumed that the “Supply of

bonds relative to money is great énough to require that they bea?‘?

y
Pl

e
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positive nominal rate,of interest. Thus, in a perféct foresight steady
state, the young wiTT‘purchase money to finance second period consump-

9

. tion and bonds to finance third. ) -

-

As the diagram illustrates, at t the yoyng receives its endowment,
consumes part of it and trades the'}emaindér for currency with the,
middle-aged and.o1d agents (the dld having redeemed its bonds for currépcy )
with the governﬁent). The young agent is taxed by the government and
with part of its income.purchases bonds from the goverAﬁént whigh.wi11

‘mature at t+2. - ' ' ‘

Formally, the young at t maximizes with perfect foresight, in its

initial period of life, a utility function,

‘ |
U=y, [C};] * Uz[ci.] ¥ U3[C§]

i

i

) B . oo .
whose arguments are first through third period consumption, CL denotes ith

period consumption by an agent who is young at timédt. . ]

The constraints the young agent faces are,

. B
1 t -
PC, =P, -T, ~ ——- M
tt t t T 141 )Z.t :
4 t
2 _
Piay Co = My s .
3—' .
Pivp Oy = By O T

»

The first constraint 1imits nominal first period consumption to the -

Tevel of nominal income (whose real value is normalized to unity) minus
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nominal government taxes Tt mi nus purchase of nominal bonds B¢ and
currency Mt' Note that the‘currency price of bonds is 1/(1+1t) where

it is the one period nominal rate of interest on bonds (in fact, strictly

speaking, B, are b11ls since they do not yield a coupon, however they

t
are termed bonds for the sake of conven1ence)

The latter two constraints 1imit nominal consumption in the second

.and third period of l1ife to be funded by currency and nominal .bbnds pur-

chased in the first per1od respect1ve1y These two constraints embody
the assumption -discussed above regard1ng the 11]1qu1d1ty of bonds‘?%]a-

tive to currency and the assumption that-it > 0. Given that bonds cannot

finance second period consumption (by assumption) if the supply of bonds

relative to currency is increased to a great enough Tevel agents will

require a discount on bonds to ‘clear the bond market and to induce the

old to consume a relatively greater amount.

The® model is closed by the assumption that markets cleaf. The goods
market will clear Qhen aggregate‘tonsumption demand‘equa]s aggregate
;upply. Aggregate supply is simply equal to the endowmeng the young
éggnt receives while éggregafe consumptiop is the sum‘of consumption
demand*b& the young, middle-aged and the old agents. For the sake of

convenience, it is assumed that government consumption is zero. Thus,

when the goods market clears,

] "2 3
Py = Ptct+PC1 t G2 .

L 3
It 1s assumed that the government follows a monetary growth rule.



1

If the money market clears, where ;s is the rate of nominal money growth,

-
)

My = (0, L

money demand equals money supply.

The government has several instruments, the growth of nominal. bonds
and money and the level of taxes levied on agent§' endowment. The effect
of changes in these instruments i§ examined jn both a non—inflationa}y
gnvﬁronmenp and an inflationary environment. In the case of a non-
inf]étionary s#eédy state equilibrium, the results of the comparative

statics‘afé similar to those derived by Patinkin (1975).

N

In an inflationary steady state, the government has at most two‘ o
independent instrumentss the rate of nominal ﬁonetary growth and the
'bopd/moﬁey ratio or the'real level of taxes. Inf]ationéry policjes are
divided into two categories; infﬁationary fiscal bo11cy, in which infla-

tion increases while the bond/money ratio is held constant: and infla-

. tionary financial polticy, in which the level of real taxes is held éonstant.

It-is demonstrated that- if“the increase in inflation (and nominal
] . . ‘

monetary growth) is used to finance an increase in-the deficit then the

real rate must fall« In other words, an inflationary figca],po}icy implies

the Mundell-Tobin result, a decrease in the real rate.

On the.other hand, if the government pursueS'an~1Qf1at%pnary finan-
ctal policy, increasing inflation, ho1diﬁg real taxes constant, the effect

Oﬂ'the real rate will be ambiguous. If. the degree of gross substitut-

-

éi}li}y between second and third period consumption is low, or if money

IS , —



% not very responsive to the inflation rate, then it will be

£Y
3

the €&3¢ that the increase in inflation will increase the real rate.

An other words, the bond to money rétio'musf rise by a sufficiéﬁt

degree to ensure that the real rate will fall.

The conc]dsjon is that the 1mpact of a change in the steadf state
rate gfvgrohth of nominal balances aﬁd inflation on the real f%te
depends oniiﬁe type of.inflationary policy pursued. Only if the govern-
ment adopts an infTationarx fiscal po]icy,wi]] the real raté unambi—
guously fall in fesponse to an increaselfn the rate of monetary eipan— )
sion. ’ ‘ - ‘ o |

~

\

-
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II. ESSAY II-°

The second essay, "Tax Versus Money Financed Fiscal Policy in a

. Natural Rate Model, add%ebsgs the issue of how a change in the mode of
* ?

-

finance qffects‘aggreqate and individual market output.

' %
.t
. . L

N

b

-
-

©* In mecent years the re]evance with respect'toioutgut deéisions

.

of xthe” pr1vate sector of changes in the mode of finance:has been inves- .

t1gated by. severa] authors.l 601ng beyond;the monetar1st f1sca]1st debate,

- the re]evance 1ssue représents an attempt to determ1ne the ciccumstances

1 &

under

;uugh policy changes have o effect on output In this fashioen,

&+
it is often easier to determIne how and why po11cy changes do have

“

relevance. : *

.ﬁ‘

&

An early example of this literature is Barro's- (1974) discussion of

the so-called Ricardian eguiyalénce.of bond and tax financed policy.

-

#~ .

Barro démonstrates that if agents perfectly discount the future tax

burden. represented .by curfent bond purchases, the choice of tax versus bond

. financing is irrelevant .to output and prices.

Recent papers by McCaldum (1982)

Chan (1983) and Gertler and

~ Aiyazari (1983) re»exaﬁihg the Ricardian equivalence proposition and

show that if the deficit is improperly defined or if future tax burdens

are distributed uneven]y, equivalence between bond and tax financing 1s

1ost ..

s

-

Wallace (1981) déscftbgs an economy in which ggvernment purchases

LI

5f real goods, financed by fiat currency (or bonds) will have no relevance.

)



as a mode of finance.

- of goverriment expenditure across markets.

* o

-
- - o

Bryant (1983) éuccinctly summarizes the relevance issue into two Facets;

relevance of government purchases and relevance of the mode of finance

' of those purchases. It is the Tatter “issue to which this second essay

is addressed. This issue is especially 'relevant' in the 1ighf of- recent ¢
y ,

attempts by gove%nments to reduce their dependence on monetary.expansion ..

°
.

A model is introduced which is sim}]ar fo that 'described by Luca;
(1972). As-in Lucapﬁs original exposition, there are two types of.
stochastic shocks which cause. output to vary, .an aggregate and a distri-
butional shock.". In this caée however, the aggregate shock represents a

: / .

shock to governﬁent expenditure which is financed by g combination of

taxes and'money/creation. . The distributional-shock is the distribution

3 -
s
.

4

At a point in discrete time two types of individuals exist, the

.young (normalized to unity) and-thé old. Generations overlap. There are
-two spatially and informationally separate markets or islands. The young

“are distributéd eqha]ly between the~two islands while prior to the be-

ginhing of each period the old migrate to equalize the ‘expected return

on their savings.

-

The young either consume leisure or produce a non-storable consump-~

a

tion good. Any of their production is traded with the old who inhabit

the same market in exchange for fiat currency. The old supp1y their

currency or savings inelastically in exchange for the consumption good

which yields yti1ity.

I
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. Infturn, the currengy the young recejve is saved until the next -
period when it is used in exchange for the consumption’ good produéed by

next period's young.

o o
1

° The government intervenes by randomly q1sfr1buting its demand for
the Consumption good across the two markets. It finances its purchases
) - by taxing the éqvfngs (or the previous period's income)" of the current

old or by money.creation.

)
*

The decisi&n problem of the xgunq perSoﬁ is, to ma§imize a utility -

I -4

function, oot : _ .

t

Eu(c') - q{n)[1] °

where ¢ is consumption, n is labour input, I #s current information and

the prime 6endte§'next period's value. Thus, the ihdividual derives
. X A

uti]itj from ﬁqit period's consuﬁbtion and disufi]ity from current
labour. * The constraints the individual faces are,

1y - 2

¢ =R (-1 ' r

p ) ’ o
y=n . ‘

so that future consumption equals éurrent nominal receipts, py, discounted
by the next period's price level p' net,of-fﬁe tax rate 1' which is levied
next period (or after produttion). Further, the pfoductiqn of the indivi-

dual is a linear function of labour input.

The government finances its random d?%and for goods by taxation or
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. Lt ,
money creation. The tax rate is assumeq to. be,
Ci0ewL | - ‘
T - Uy ]+Y -
&-
where y is a random variable distributed across [0,y ] and 0 - u -~ T, )
The y; parameter measures the degree to which government expenditure is
<

financed by money creation. Thus, as u approaches unity the tax rate

falls for a given u. Note that u is nort-random.

The increase in the nominalﬁgpney stogk is assumed to be a random
multiple of the previous period's nominal money stock (m) uym. Thus,
since current tax revenue is levied on the old's previous period's in-

come which will equal m the'previOUS period's monej stepck, the goyé}n~

ment's budget constraint will be

’

(1-u) T¥$ m + pym = T%;—(1+uv)m o : . i{;;?

where the right-hand side represents the qovernment's demand for goods.-

M%rket equilibrium occurs when the supply of goods equals the demand
on, each island, Since the supply of gdods equals the demand for mohey
and vice’yefsa, equilibrium in the goods.market implies the same for the

money market.

o .

"' Since ihd?@ﬁdua] output is y and ha]* the young aré on each islanq
(and the total‘nbrmalized to unity), market supply is y/2. Privqté
demand equals the after-tax éupp1y-of real ba]aﬁces offered by the current
o]di ‘Since the old migrate to equalize ‘the return on savings, market

private demahd is m(1-7)/2p. Public demand is a random fraction 6/2,

i
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. distributed symmetrically over [0,2], of the random aggregate level of

@ .

_government expendituve. Thus, market equilibrium occurs when,

i .

i

LI A (+uy)y
- .Y/Z Zp(]'T)+‘2"

THy

_om (uy)(T+8y) | mv
2p ) 2p
Equilibrium’occurs in the other market when output y/2:equals demand -

mQ/Zp, where v is v above with 2-8 substituted fbr o (since n is distri-

buted symmetricq]iy).

In the second essay it is demonstrated that jn the economy described

above, the‘po]icy rule has the property that tpe ratio of 6r1vate consdmpﬁ
. tion to government consumption is constant with respect to changes in the
. mde- of finance u. Equilibrium output is>exahined, where aggregate output

is defined as the: sum of market outputs,

- .

: X . .
y ’ “

Y=§y+

rO|—

to determine the effect of changes in the mode of finance under the’assump;

3

tion that while p is known with certainty, the exact rea1izatﬁon of 6 and

y may or may not be in-agents' information sets at the time of production.

»

»

- It is denonstrated that the po]fcy rule derived above has the pro-
pe%ty«thé; bﬁtput is unaffected as the &ode of finance of fhe stochastic
.goyernment expenditure is varied under full information. Given the.reali-
zation 6f the Tevel and distribution of government expenditure, agents

are indifferent between an inflation tax and«aniincome tax. AProducers

-

tou,



-are solély concerned with thevshare of nominal  aggregate demand which is

accruing to their marketA§;nGeéit represents their ability to capture

consumption next period. Thus, despite the asymmetric distribution of.

currency, agents are indi?ferent'between modes of finance under full

LS

information. In effect, the mode of finance is irrelevant.

O
¢

[f there is less théq full information, agents must make rational

expectations of the random shocks they are subject to base& on observa-

tion of their market price and the'history.df the économy. Under such

circumstances, it.can be demonstrated that the policy rule described

above is no longer irrelevant with respect to the mode of finance. In
S

fact, if the dist;ibﬁtions of the random variables exhibit certain -
sufficient conditions, it 6an be. shown that an increase in the degree

to which-government expenditures are financed by money creation will

increase market and economy wide output for given rea]izatidns of the

random variables. * e

L
»

-

' Further, tpe response of market and aggredate output to'expenditure
shocks is affeé.edvby the mode of'finénce. If expenditures.by government
are'financed sole¢ly by tax reyénue, then ﬁrices offer sufficient informa-
tion to predict hé'i;tertemporai rate of substitution. However, if any
dggree of maney peation is addétea this wilf no.1onger be true un]es$
agents have beeh,éiveﬁ full information. With full information or com-
plete fax'finéncing,'a‘shock to aggregate éovernment expenditure will
have a damped'n :f on aggregéte butput due to the negative corré]ation
of market output responses. Since the -aggregate expendituré fs distri-

buted urievenly, *one market will inérease its output, the other will

]

a

g,
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‘dectease its output as their share of demand is increased and decreased

respectively. - -

w1th less than. fu1T31nformatlon and some degree of money finance,

producers w11] not be ab]e to predict accurately their market S ;ﬁare of »
\
demand and thus both markets may Increase output in response to an in-

crease in government expenditure. Ihus, the variance of aggregate out-

put may increase with respect to an increase in money finance under less
: o

4

information.

[ ’ . M

than full

-Thus, the second essay contains an examination of the relevance
issue in the context of a Lucas natural rate model. It is demonstrated
that while a policy rulé may be derived whf%#v1s irrelevant, such that
market and aggregate output are unaffected by chahges in the mode of
f1nance, in the full 1nformat1on envtronment, if there is less than full
» (3 - M * - . > * - ,‘/-"d
‘information, outout°w1]1 increase with the degree of money finance. In;
this context, it™is argued that the choice between tax and monéy finance. .,

is only relévant in the absence of full ‘information.
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TI1. ESSAY 111

The third essay, “Time Inconsistency of Optimal Monetary and Fiscal
Policy", explores the impact of different transactions technologies on

the time consistency of optimal nolicies.

: An optimal policy, which describes a sequence of strategies or con-
trols which maximize an objective function, is defined as inconsistent
.if upon re-evaluation at some future date, the continuation of the se-

quence is no longer optimal,

This concept was first explicitly discussed in a macroeconomic con-
. An example they describe yields a
£

text by kydland and Prescott (1977)
‘simple explanation of the concepf of time ﬁnconSisténcy, Consider:a
government which wishes to maximize production. It might»ﬂQOpi a patent
po1icy'a§ optimal, at some initial date, giving monopoly .rights to the
fruits of innovation. However, a; some future date that policy would not~
seem optimal since by makiqg the prope;ty rights to -all past inngvation
free, proddhtive capacity‘Wgu]d be increased. Thus, the optimal policy

would be time inconsistent.

.

More recent 1nye§tigations include those by Lucas apdég%oqu (1983),

Turnovsky and Brock (1980) and Calvo (1978). In a contiruous time con-

2

text, Calvo argues that a government which wishes to set an optimal tax
rate will always be faced with a time inconsistency. It will choose to.
] . - .
'forego a distortionary income tax for an inflation tax in the present,

promising lower inflation in the future. Inevitably, Calvo argues, the

government will have an incentive to renege on the promise of lower

L



" . have been derived had-the government taken into account the optimization

17

%nflation and resort again to the inflation tax.

Tgrnovsky and Brock argue that if bonds are included as a mode of
finance in a model in which liquidity preference is derived from inclu-
sion of real balances in the utility functipn, thén all optimal policies
will be time inconsistent un]e;s the rate of nominal monetary érowth 1§

included as an instrument. Thus, a k' rulg would promote time inconsis-

tency.

Lucas and Stokey, in a discrete time model make a similar arqument
that when setting.optimal‘tax rates, there 1s an incentive for government
to issue nominal debt which it effectively reneges on by causing a sur-

prise inflation in the future.

A

They point out that while they and the other authors discussed above

N .
derive the government's optimal policy under the assumption that neither
the "government nor the public conceive of the possibility of an inconsis-

tency, the consistent policies have the property of being sub-game perfect

Nash strategies. In other words, they are the same pd]icies which would

[
A

" procedure of future goverhments.

Papers which model a government which exp1jcit1y takes into account
the consistency of an optimal policy derived at an initial date 1né1ude
those of Goldman (1980), Rotemgerg (1983), Barro (1983) and Barro and
Gorddn (1983); Tpese aufhors CS%pare optimal (and possibly inconsiitent

policies) with thoée whicﬁ are derived under the constraint that they be

[
-
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sub-game perfect strategies. As Lucas demonstrates, only the consistent
' 3

optimal policy wi]],correspond'with the sub~game perfect policy or strategy.

2
3

The model introduced in the third essay is similar.to that used by
Turnovsky and Brock, it is assumed that the econo;;—:gn;éterminist%c-and
evolves in continuous time with no stordge of goods. Its novelty lies
in the adoption of a transactioné technology suggested by Fried'and
Howitt (1983) and the examination of the effect of that technology on the

1 Fd

time consistency }issue.

Un]iké Turnovsky and Brock, who assume real ba]gnces bear a utility
yield, jt is assumed that real consumption is less théﬁ real expenditures
by an amqunt which may be minimized -by hofding real balances and bonds.
In other wofds, there exist transéctions costs which depreciate one's

?

holdings of the consumption good.

The representative household maximizes, .in continuous time and with

pegfect foresightf

. | (O

j et u(c,flg)dt

where ¢, f and g represen% the level of consumption& leisure and govern-
; : . - }
ment production of a non-storable public godd at each point of time (time

suBscripts have been oﬁitted).

The household makes expenditures (x) on a non-storable consumption

good such that,
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x-h(x,m,b)

(@]
13

i

2(x,m,b)

- N
o

In othér words, expéﬁditures depreciate by an amount h{.) which depends

on the level of expenditures and the household's stqcké of real balances

m and bonds b. It is %ssumed that by varying those stogks the deprecia-
tion may be minimized. .For example, for giver levels of x and b, the
marginal Tiquidity yield of money will be positive for m < m but .negative
for m > m*. In other words, an increase in real balances will increase

consumption-until a'point is reached when real balances are too high to

L4

economize on transactions costs.

[

The household is consfrained further by a budget constraint,

[e] 00

m+b+x=(1-1)[(1-f) + ib] - #(m + b)

which states that purchaées of real balances, bonds and goodé must equal

after-tax income on labour (a linear technology is assumed) and interest

- . J a9 3 3 M 0 .
income minus the depreciation of nominal assets due to inflation m.
» A9

The model is closed by imposing market clearing on two of the three

markets, the goods market and the money market,
1-f = x f g
m(p-1) = m ,
where y is defined as thg rate of growth of nominal balances. Note that

the transactions technology is 'real'-such that expenditures by consumers

do not equal consumption, real resources are used in transaction.

-
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.b

The government's instru@eﬁis include t, 1 and g, all three of which
~S . .
may be independently varied. As Calvo points out, the government is
constrained at all points of time except at t = 0 to effect continuous

paths of the price level. However, at t = 0, the initial price level is
¥

‘free' to jump to any markef clearing level discontinuously. Following .

Turnovsky and Brock, it is further assumed that the government is also .

-

. able, at t = O to use open ﬁérket operations to change the bond/money
ratio.' Tn subsequent periods, m and b evalve according to their équations
of motion in a con&inuous faéhion: ‘Thus, it is demonstrated that at t = 0
the government may set the initial values of m and b at any level deemed

optimal.

' . ; \ .
The essay is divided ‘into a number of sections which, derje the
optimal policy from the standpoint of government setting its instruments

to mpximize'the-representative household's JJifetime utility. The_opﬁima]

policy is then examined under different assumptions regarding transactions
. L !u .

technology to see how the time consistency of policy is affected.

In other words, the optimal policy derived at t = 0 is examined F

‘ from the vantage of a future date to detefmine whether the same policy x
is still optimal. . Calve's criteria for time consistency is adopted. Hé‘
notes Fhat since the government is free at an initial planning date to
set nominal assets at any level, the marginal value of changes in those
assets at t = 0 will be zero. However, for all t > 0 tﬁe government

will no longer be free, when setting optimal policy.at & = 0, to vary

m and b discontinuously, so that the optimé] plan will not, in general,
s .

-
k-4
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.set the margfnal value of jumps in m and b equal to zero for t > 0.

I[f, on the otpef hand, the government re-evaluates the optimal plan
at t =t' >0 it will not be constrained.anymore as to the values of m or
bat t=t'. zThus, unless the optimal plan derived at t = 0 set the mar-
ginal‘va1ue of jumps in m and b equal zero for all t, the optimal plan

will be time inconsistent.

°

Thus; to determine whether or not the optimal plan is time inconsis-
tent, the additional constraint is -imposed, after maximization, that the
marginal value of such jumps 1s zéro for all t. If the plan is consis-

tent with this constrqint then it will be time consistent.

If bonds bear a real liquidity yield, so that b #0 for all b,.it
is demonstrated that all optimal policies will be time inconsistent. The =~
government will attempt to utilize a current 1nf1ation tax and promise

Tower inflation in the future, and will, in general, have an incentive

to Fenifieip;;ba% policy. This is in stark contrast to Tufnovsky and
Brock'$™Nebult. ‘

1f, on the other hand, only real balances bear a liquidity yield

(i.e., 8 = 0 for all b) the Brock and Turnovsky,reéplt will hold, that

L3

if the government's 1ns§?hments include the rate of moqetary growth the
optimal policy will be time consistent. In this context, a time conéis-
tent optimal policy is one in which thé economy moves immediately to a
first best steady state in which the steady state level of real bonds is

negative. This yields the government non-distortionary revenue ih the



form of interest paynénts froﬁ the private sector to the public. This

first best is now feasible and optimal since bonds do not bearka.liqui-
dity yield which would prohibjt the government from causing them to be

négative. . .

These results are contrasted with an ‘economy whose transactions
._'1“}echno1ogy mimics that of a cash-in-advance economy. .IH other words,

| the constraiﬁt that ¢ = «( )-is replaced with m > ¢ and ¢ = x. In this
cdse, the transactions technology is solely pecuniary_in that given theq‘
level of aggregate production ahd consumption, a change in real balances
and/or bonds.does n9t affect uti]ity. This is contrésted with the tran-
sactiops téﬁhno]ogy above for which a change in real assets would enable
@kgﬂp izjng‘on expenditures and an increase in public good production.

In this économy, all opt%ma] policies will be time consistent unless the

government'§ instruments include on]z}the level of public good production.

/ s -
Thus, it is shown that ‘the Brock and Turnovsky result is a special

cases -in which bonds do not bear a liquidity yield when transactions
costs are real. It is also demonstrated that time consistency -of optimal,
policy in a continuous time model is dependent on the type of transac-

tions technology assumed.

An intefpretation of these results may be thought éf'ﬁn terms of a.
similar experiment in the context of an optimal  growth model with
capital accumulation. Consider the problem of a consumer which desires
to maximize utility, a separable function of consumption through the -

- choice of savings rates which will affect capital accumulation. If the

4

o
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. 14, ) .
~consumer is given an initial fixed stock of capital, the optimal choice

‘of savings rates will imply an -asymptotic apbroacn to a 'modified gol-

¢

den rule' level of steady state consumntion ant capital stock.
In general, thisicontfol problem will be consistent, a re-evaluation .of
. '\ -

the plan g$§en the historically given capital stock will lead to no
' 4

change in the optimal plan. Y
o -

However 1ﬁbthe initial cap1tal stock 1is %ree', to be chosen opt}~
mally instead of. g1gen to the consumer, the opt1ma1 plan w111 not, in
’general be consistent. At the 1njt1a4 date the initial capital stock
will be some 'bliss' value which maximizes'uti]ity. The optima1 b]an
w111 imply, aga1n, a gradual approach to u/eﬁgolden rule stock of cap1ta1
~Re-evaluation of the p]an w111 1ead tO'a d1vergence from th1s path 1f '
tne capital stock is.free, and not governed by the. d]fferentla] equat10n.
which relates.qapmta] growth to sav1ngs. The consumer will, in generaL

desire to 1ncrease cap1ta1 discontinuously to .the bliss 1eve1 and restart

the plan whlch had been opt1ma1 1n1t1a1]y Thus, unless the bliss level -

.
of capital corresponds to the gO]den rule stock the op;ima] plan will

not be consistent. '

a0 '
™ ’

This case is analogous to)ﬁhel:discussed in‘the third essey. If
the bond}money ratio 1§ 'freel,‘the goVernmeﬁt'wi]1 cause 1f‘to jumb.dis-
continuously so as to'maxﬁmize we]fere. Unfees'tha%'fb1issﬁ level of'bhe
bond/money raxio:corresponds'to the optimélbsteady’Etete Tevel of the

bond/noney ratio, the opt1ma1 p]an will be tine wnc0n51stent

¥

T N
. . .
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ESSAY 1
INFLATION, FISCAL POLICY AND THE REAL RATE
ON A NOMINAL ASSET

The issue to wh}ch this essay is addressed is the relationshiﬁ
between the real raté of interest and the rate of price inflation. . It
is often hypothesized that an increase in the rate-of inf]afion will lead
to an unémbiguous change iﬁ the real rate. Most of sucH hypotheses have
- either pred1cted an invariant real rate (s trict quantity theorists) or
that the real rate declines in the face of price inflation (the Mundell-
Tobin effect). . '

i 4

As can be seen in Tab]eI.],neitEér of the two orthodox views Bave
been especially evident in recent years, either 1nAthe U.g., or in
Canada While there has been a slight negative relationship between the
ex- post rea] rate and the 1nf1at1on rate in Canada and the U.S. (corre-
-Tation coefficients of -0.08 and.ﬁg 48 respectively), high rates of
1nf1a£1on have been assoc1ated with- both high real rates (éhe 1?805)_.
and with negative rea] rates (1974 and 1975). While no eonclusions may
‘be confidently derived from a casual observation of yearly data, ignoring
the distinction between actual and expected‘rates, etq.:‘it does appear

that there may exist a relationship between real rates and inflation

which is not captured by the two orthodox views mentioned above.

Recently, several authors have argued that the real rate méy rise
. . ) 4
as inflation increases, due to tax distortions or to liquidity costs of

"
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TABLE I.1:EX-POST REAL RATES ON CANADIAN AND U.S. TREASURY BILLS*

Inf]atign Real Rate ~ Inflation Real Rate
1983 5.8 3.6 3.2 5.4
1982 10.8 © 2.8 6.1 4.6
1981 - 12.4 5.3 - 10.4 3.0
1980 0.2 - 2.6 13.1 -1.5
1979 9.1 2.6 - 1.2 -1.2
1978 9.0 -0.3 7.6 -0.4
1977 8.0 -0.7 6.5 1.2
1976 1.5 1.4 5.8 _-0.8 .,
1975 10.7 -3:3 9.2 - 2.4
1974 10.9°° 3.1 10.9 _ 3.0
1973 7.5 -2.0 6.3 -0.7
1972 4.9 Lo -1.34 » 3.3 . 0.8
1971 2.9 0.7 3.6 0.8
1970 3.3 2.7 5.9 0.5
1969 4.5 27 5.4 B
1968 4.3 2.2 4.2 1.2 .

1

* The 'réal rate' on T-Bills is equal to-the yearly average nominal
T-Bi11 rate minus the yearly average of the consumer price inflation
rate.

Source:. International Financial Statistics, I.M.F. June 1968-June 1983.



real assets. This paper is an attempt to lend further credence to this

view, arguing instead that the real rate may rise due to the budgetary
constraiqt of the government. - The model adopted is a general equili-
brium, full Z?ploymeht'variant of Samuelson's consumption-loan model.

The model us 3 the overlapping generations paradigm to generat% an asset

° L

demand for éhrrency and nominal bonds in a deterministic dynamic context.

® <

Sect1on I. contains a brief survey of theoret1cal and empirical in-
vest1gat1on5 into the above issues. Section II conta1ns a preseqtation
of the model, Sect1ons 111 and IV contain the comparative static results

in both a non-inflationary and inflationary context. ~

I INTRODUCTION

~

13

The_ Mundell-Tobin effect may be defined as tﬁe theoretical praposﬁ—
éion that an increase in monetary expansion and inflation will tend.to
iower the real rate. However, Fisher (1930) may have been the férsﬁ to
predict a decline in the real rate.in the event of an increase 1n.thg

inflation rate. His empirical findings show,

ev1dence general and spec1f1c, from consu1t1ng p" " (the
rate of inflation) with both bond yields and short term -z
interest rates, that price changés da, genera]]y affect ' ™, -
the interest rate in the direction. 1nd1cated by a priori v
theory. But since forethought is imperfect, the effects .
are smaller than the theory requires and lag behind price
movements, in some periods, very greatly.

His argument was that asymmetric expectations between borrowers and

lenders led to a decline in the real rate. Thus, while the incfbase in:

]
H
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1nf1at1onary expectat1ons will b1d the nom1na1 rate up in the Tloanable

funds market, it will not fully adJust

~ Ina portfo]ié Balance framework, Mundell (1963) argues that an
1ncrease in the ant1c1pated rate of 1nf1at1on causes the anticipated
return on real ba}ances to fall.so that the demand for money “falls. To
Jointly clear the asset and goods markets requires that the nominal rate
ri;e by less than fhe anticipated rate of inflation so that the real rate
falls. The only way for di = dn® is for the interest elasticity of moﬁey

-or the real balance effect on savings to equal zero.

This conctusion.is, echoed by several authors working within similar
'frameworks. Sargent (1972) appends an. IS/LM model by considering a dyna-
mic adjustment process, for permanent\income and investment to show that
the nominal rate depends on the long-run rate ana lagged inflation.

Only in the case of zero interest elasticity of money demand will the .
adjustmen% of the nominal réte be immediate and coﬁp]ete. Levi and

Makin (1978, 1979) isolate three differentﬂmechanisms by which inf]atiod
might affect the real rate; é) the Munde]i effect; b) a Phillips effect,
when real output increases due to-money illusion, c) a Friedmgn effect,
when uncertainty associated wifh increased inflation reduceS‘investhnt.
However, their empirical tests aéé only able to confirm their theoretical
prédictions dJring the 1950s and '60s. Summers (1981) performs a similar
gxertise in a dynamic context, and finds that while the short-run
adjustment of i is ambiguous, in the long run the net of taxes ,eal rate

v R

should fall.
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e,

Tob{n (1965) examines the same question in a érowth context,
arguiné,thaglas the ‘real return‘to money falls 1t.is supplanted by
capital as a mode of saving; dfi&ing the margina] product of capital down.
Sidrauski (1967) sBows that in the -steady-state the real return to all
assets must gqua1 the (%fsumed constant) rate of tiﬁe preference, fixing
the rea]trate on capita]f' Ignoring non-pecuniary returns to other
assets implies that an increase in'".w111 be met by an equal increase in
the nominal rate.

The Sidrauski result must be modified when.the productive or liqui-
dity servicés of nominal assets are considered vis-a-vis those of the
real asset. Patinkin and Levhari (1972) argue that the Tobinesque experi-

ment yields an ambiéuous result on the capital stock if liquidity services
of moaey are considered. Johnson (19625 makés a similar conclusion,
arguing that if the utility yield on real balances- is considered as part
of income the net impact of inflation and gr;:?} of an increase in mone-
tary expansiom may be ambiguous. Frieé and Howitt (1981) argue that if
the liquidity services provided by money and a nominal interest bearjng
asset exhibit certain properties then in & Sidrauski type of model the
real return on the nominal asset may exhibit the Mundell-Tobin effect.

In general, they argue that the real rate on the nominal asset is not

fixed since bonds and real assgté are not perfect substitutes.

. Sargent (1976) presents a neo-classical growth model with a Keynesian

N

investment function, investment depending on the difference between the

marginal product of capital and the real rate of interest. Comparing
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adaptive expectations with perfect fores{ght, it is argued that the reé]
rate is constant with respect to changes in - only with perfect foresight
since real variables are invariant to nominal shocks under that assump-
tion. " —

Martins (1980), using an overlapping generations model with only

two assets, money and bonds, argues that "the nominal rate of interest

55 determined by the relative supply of bonds with respect to money, and

bears no relationship to the rate of inflation”. This result appears to

depend crucially on two assumptions, a) the demand for money is interest’

_inelastic, b) and only the transition between changes in stocks of nominal

-

assets are considered, not chandes in their growth rates. The -analysis
presented in Section IV is an attempt to discover the implications of
relaxing the two assumptions; by considering a more general utility func-

tion and comparing steady-state equilibria.

Fetdstein (1976, 1980) presents a Tobin type growth model, examining

its steady-state propertiqs. Introducing nominal interest bgaring govern-

.ment debt as a third asset allows him to examine the effects of different

types of debt financing. He argues that the type of financing used to
stimulate inflation will affect the sign of the change in capital stocks

and the real rate on nominal assets.

Stockman (1981) also predicts that the real.rate could rise with an

increase in the rate of inflation.. Using a neo-classical growth model

with a cash-in-advance constraint, he shows that if nominal balances are

-

required to purchase capital, the increase in the inflation rate may
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increase the opportunity cost of capital. Thus, as inflation increases,

the steady-state stock of capital may fall, raising the real rate.

The empirical consermsus tends to support the Mundell-Tobin hypothesis
¢ : é_\‘_
, 1977) uses the

ove; the predictions of thé%buantity Theory. Fq@a (
maintained hypathesis that the expected real rat} i% independent of the'
rate of inflation, arquing that the fack of serial correlation of ex-post
real rates supports this assumption. Sevéra] authors question his re-

sults with regards to method@]ogy and the observation period that Fama

restricts himself to, including Nelson aq? Schwert (1977), Carlson (1977)
and Mishkin (1981). Fama (1976) himself cast doubts on his earlier con-

clusions by showing that expected future inflation variance will affect

negatively the real rate on one, pefiod bonds. 3

Lucas (1980) aréues that'by filtering high frequency variation in
the inflation rate and thé'Treasury Bill rate, a one to one relationship
is.evident. However, as discussed'above, no statistical tests are per-
formed to verify his observation. Summers (1981), workind with filtered
data, argues that, since his estimated coefficients on the inflation rate  —eee
regressed on the real rate were generally 1¢ss th%p unity, the real rate'
was negatively related to the rate of inflation. His attempts to vérify
this conclusion by regressing proxies for the real rate on the expected
rate of inflation appeared to depend on the sample period.and the proxy.
He concTudes that the inconclusive evidence is due to investor money and/or
inflation illusion.

Nelson and Schwert (1977) point to a .slight but significant -

4



correlation between changes in the nominal rate and changes in the rate

of inflation as evidence of a- Mundell-Tobin effect. Shiller (1980), by ‘
;Eolating two attempts to control real rates,. the introduction of’fhe ‘
Federal Reserve System dnd the Accord of 1951, argues that observation ‘
of ex-post real rates does not reveal a long terﬁ ability of monetary
~authorities to control the real rate. Using the Granger-Sims criterion

of causality does yield the conclusion that‘ghanges in monetary gfthh

will influence the real rate if it is unexpected. Mishkin (1981) argues

that there is a significant negative correlation between the ex—pdstlreahg

N

rate and lagged inflation, confirming the Mundell-Tobin effect. He
e .
argues that Fama's results depend entirely on the sample period chosen, \\\

-

a period of relatively low-inflation variance. . Mishkin (1984) confir
b o te . i ~y

the-conclusion that there is a significant négative correlation between

the real rate and §nflation in a multi-country study.

In most general equ{1ib}1um models, the Mundell-Tobin effect appears
to ﬁominaté. However, while ‘the data may be said to reject the hypothesis
of a constant expected real rate 1n,favoﬁr of a negative re]ationshig_ .o
with inflatior/, they do not appear to offer conc]us{ye evidenéé‘wegarqing
the dependence of the real rate on changes in the.rape of inf1atioh. In
the following,sections, it is argued that no one-to-one re1pt10néh1p:
between the rate of inflation and the Teal -rate should be expected. - The
rate of inflation does in many cases have a;wunambiguous effect on the

real rate but that the direction of that effect will depend on theﬁQ&pé

of inflationary policy a government pursues.
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I1. THE MODEL

The analysis below is a slightly more general adaptation of
.Samuelson's (195%) exact consumption loan model of the rate of interest.
Such models are predicatea on the_a%sumption that individuals are
finitely lived, -and that generations overlap. - This yields the result
thaf/sincé generations will trade~wifh each other only once, the issuance
of private debgtby the old is ruled out. Thus, in the non-growing eco-
nomy, with a gaﬁlstorab1e commodity, the issuance of public debt or fiat
éurrency %111 be welfare improving as a costleés means of tranéferring
consumﬁtioh from one period to the ngxt. In a growth context, where there
exists a storable asset (capital) it can be‘shown.that the iésuénce of
fiat money will %ncrease welfare if the economy is over capita1ized,‘since

it allows individuals to economize on their hb]dings of real assets.

. To allow for an interest-bearing asset distinct from money, Martins-
uses the assumption that indtviduals Tive for three periods. -Bonds are
only redeemable for goods after being held for two peribds after issuance
whereas money may be red;emed for godds within one period. The éna1ysis
below is essentially that of Martins except that the extreme assumption
regarding thg'specification of the utility %uqetion.is relaxed. Given

the generality of the utility function, the analysis is confined to com-

paring.steédy—§%ate equilibria,

There are two types of agents in the economy, private individuals,

e

who rationally maximize their objective function, and the government.

Fach individual lives three periods, a generation being born each period., .

J
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Population grawth is assumed zero so that without 1oss of generality, the

number of individuals in each generdtion is normalized to unity.

o

The aggregate supply of the economy is exogenous, accruing to the
gene?ation just entering economic life, and is also normalized to unity.
Tq an individual's first period income is added a transfer/tax from.the
gerrnment. The ;quﬁé‘p?ob1em facing the individual is how’to allocate
consumption over his three periods of‘1ife given t?at storage of the con-
sumption good is impossible. The soie assets available are fiat currency ,'

<

and bonds, issued by the'§6vernment;

As stated above, it is assumed that the latter asset requires two
periods to mature while the former is convertible to the consumption‘good
within one period. This assumptibn regarding the'maturity of the interest

bearing debt may be motivated in terms of: .

a) institutional restrictions regarding maturity and transfer of
¢ ownership, - — - c o
b) a cash in advance constraint such that money is the only medium of

exchange between bonds and the consumption good with the exchange‘

between bonds and money requiring one perigd.2

Uy

The analysis is deterministic and thus in the absence of risk and

other transactions costs, to generate a rate of return on bonds which is

greater than the. negative of the inflation rate reqUires that their real

supply be greater than the real demand fgr third period consumption by '

f ,

individuals entering the economy at a zero nomihal rate of ‘interest.

- , @c
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. [
In other words, for a given rate of inflation, at a zero nominal rate,

the supply of assets available to transfer income to the third period’

<

must be greéter than the demand for third period-consumption. In such
a case, to clear the market; the bonds will be sold at a discount so that

the nominal rate of interest will rise above ;ero. The«sole difference-
between m&ney and bonds is their liquidity which implies that the least
liquid asset will bear a positive nominal return given that its supply
is great enough. The analysis below is confined to such a situation.3

L]

[}
a) The Individual Problem

'

fhe individual chooses his consumption path so as to maximize his
uti]i%y function, which is assumed to have the properties necessary for
an interior maximum for each period's cbnsgmﬁtion and is additively

separable, such that,

_ 14 . 2 3
U= U][Ct] + UZ[Ct] + U3[Ct]

oy
subject to the constraints that,
P.Cl =P, + T, - M - B./(14,)2 ‘
tt Tt Tt Tt Tt t
p.c2 =M
[P I L
3 .

. 4
or more simply,
oo T i )

(1) pcl=p +71 -p c%.p .3 )2

04 7 Pt Ty - PugCp = Pyl (4

t

4
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P
where,
C; ;s p]anned consumpt1on 1n the 1th period of life by a newborn
individual.at t,
Mt : is nominal fiat currency phrchaséd at t,. '
Bt : is the number of government bonds sold at t, promising one unit
of fiat currency in period t+2, | . J
Tt :, 15, the government net transfer at period t,

1/(1+it)2: . ¥s the discount or price of'a'government bond, so that Ht is

the gne period nominal interest rate.
. ’ P

Dividing. (1) by P, yields,

e
(]
[l AN
+
—
()
[ AR V]
e
j—

-

1 + ':t %t_ﬂjpt I
_ - . \2

Ve ) = (1) (14 )/ (14

v . - .

so that rt is the two period real rate of return on a two period bond.

The first order conditions forsan interior maximum are,

[
~ -

—_— = ]+~r
Ul
i
— = ]4n
U3 t

-

. —
where the marginal rate of substitution between the first period and sub-

éequent periods equals the available real rates of return. -Between the

’

firsf and second periods the individual may only store fiat gurrency so

2




< : . ‘ . o * ‘%
that the real rate of retdrnkig‘l/(1+nfy; Between‘%hé‘fifst and third . -;'
periods the real rateis(1+Q)Which is assumed to be greater

v

than

4
3

]/(]+ﬂ;c)(]+ﬂt+1)" ’

: - e :

.Ngt}ce, if the fominal rate falls to‘zéro; the rea} fate on-bonds
veqha1s that on money and the.iﬁdividga] will be 1ndiff§?§ht;beﬁween=@gney‘
" and bonds.” As stated aong,.thié typé‘of situétiéh:js ignorei Bj és;ﬁﬁing
that bond supply is‘@d.}qrgé as to require a positive nominai:;ateffoiﬂ'
clear the market:a | l& )

o ) -
<
> . T A

The consumption decisions -for individuals of all generations is as
described above since the analysis is confined to the steady-state and

it is assumed that individuals' ‘deciSions exhibit dynamic consistency.

b) The Government

. O >
i

The governmént is assumed to satisfy its budget constraint, that net

revenues equal zero. Thus, dividing fiscal from financial revenues yields,

»

Ty o= My - My B/ (1)

2 :
B Bt—z

so that the transférs/taxes collected equal sales of currency and bonds

minus debt servicing. If,

By

(1+a)Bt_]

(1+.;)Mt_] . ’ . : S

M

.

1]

then substituting for past values of B and M and dividing by the current

price level yield the real government budget constraint, o
. . L' :

G

»

— ‘
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B hcj’AMarket C]earfng

.
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1 o

i
,‘1 jt,

o (148

where m and b are the real stocks -of money and bonds respectivel'y.5

[RS

"To ensure.market ¢learing, -aggregate supply must equal the consump-

tion demahd by members of'each generation, *

] 2 3 -, ’
7(3)‘ C + Ct_" + Ct_.z - ]r , '-. * .
. & . I“_
. where, from the individual budget &onstraiq}é;' ' -
(4) ‘:c] = 4t -m, - bl (141, )2 e :
ARSI R A . ) .
15)211 2. =m /(14:) L e
' s .‘ t—] i l“t "4,1 . ) ‘ ’;' . ‘.\‘ ' ,‘|’~' r:' . -
"3/{‘ : -_ KA .‘2. } . "‘." . L :1 ‘ B ,A N )
(6) .'Cr{iZ = 'bt‘/(-Hﬁ-)\ L K o S ) . -

where using (4}, (5) and (6) to so}ye”ﬁqtﬁﬁ);;CZ.dhafﬁa in‘(3)'xiQ{Q§ N
the real government bquet constraint, equation {2). - - s - "fj{}{" .
- . " -, R '-'-'__\' .
.. a R IO

d) - Steady-State '

\
L

As stated above, the ana1?s%s‘WiFf.bé confined to the comﬁéfison ofz-;llv
steady-state qui]fbria. In tﬁe«steady-sf;te, real bond and money stocks
are constant, 1m§1ying that the. rates of growth of nominal stocks of both
éésets equai the ihf]at}on:;até. :Dropping the time subscripts for the .
sake.of Eonveniencé, the steady—stafe may be degcribed by the fé]lowiﬁg

system, ‘ N



() e (rm)c?

03/ (14r) = Tet

m/ (1+m) - _' ‘

-
oo
~
o
H

(9) €3 = b/(14m)°

(1) urle'1upe’s = 1/ (149)
A1) wretyugre’] = e -
2. 3., . U

(12) ¢ et e =

1+ﬂ

-@ —-r-—‘. '_ v,‘) ‘-
(1) - ' '

2

where. g = u = 1. The aboye is a system of seven equatlons, six of which

‘ are 1ndependent (since (7), (8), (9) and (12) imply "(13)}, in eight un-

knowris (C] CZn C , ry.us T, mand b).. It is assumed, given any two of:

the five possible po]iéy varfaples (r, u, 1, mand b) there exists &

unidue equilibrium such that C], C2 and C3-are'§trict1y positive.

¥

" I1I. NON-INFLATIONARY STEADY-STATES
As ﬁ’ﬁidactic'exerbisekutﬁe Eompérative statics of the model ina . .-

non- pnf]atwonary environmeyt will be cons1dered The éystem'from which
[
the comparat1ve stat1c resu1ts are- der1ved may be found by.solving (7)"

,thrOugh, *37 for, -

ui[1+T-m-b/(1+E)]
AR
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Ui£1+T-m—b/(1+r)]
U3T5]

= . r é?
B E

i

. It will be assumed for the sake of simplicity that T is aﬂtax and there-
fore less than zero. This imp]ies;-given the fifst order conditions, both
b(and r must be’positive% and thé.first pgriod transfer/tax finances the
government's debt service. The compargfive statiF results, described
below,-are derived by taking the total QLfferentia1 of the above system
and solving for the ré}eQant partiaf. The_qua]itapive,resu]ts.of the
-experiments below are summarized in TableI.2. For phe:égke of bﬂbety,'

the computations and expressions derived have been omitted from the tekt.ﬁ

LI

»

a) - Open Market Operation (dM = -dB)

- .... ~ . ’ ) o-‘ .4' . ‘J
Consider the standard open m@rket operation, whereby the government,

" seeks to increase the stock of nominal currency by way of a reduction in

-

the stock of nominal bonds.

The excess supply of nomina] balances drives the priée level up as
Individuals attempt t& divest themselves of currency. The excess éémand
%or interest bearing assets cauééé their priée to rise and £ﬁe real ‘rate
of interest to fall. In the new gtead&-sta?e equilibrium the level of
real balances have increased whf]esrgaf taxes have:de;mggged, Thus, the
price level rises, but in a smaller proportion than the increase in
nominal currency die to the commensurate increase in T and therefore in

first period income. e
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-dB

dT
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b) Helicopter Operation (d7 = 0) -

Consider now a helicopter operatian, where the government increases
the nominal units of non-interest bearing debt under the constraint of a

constant nominal tax/transfer, //9

Again, the excess liquidity increases the price level aé individuals
attempt to spreéd their increased wealth to other periods of life. By
the same token, as individuals 1ncrgase their demand for thitd period
consumption, the price of bonds rises and the interest rate falls. How-

ever, this creates an increased need for government debt service since

dT = 0, thus for market clearing, the stock of nominal bonds must increase.

In the new steady-state real tax receipts will fall (dt ~ 0, v - 0)
and ‘real debt servjce will also fall as r and b decline. As above, the

level of real balances rises.

¢) Decreased Nominal Taxes (dB = 0)

A money financed expansionary fiscal,policy in this framework is an

increase in T (dT > 0, T < 0) holding the nominal stock of bonds constant.
U]timaté]y, given zero steady-state monetary growth, the reduped’téx'
revenue will be reflected in a change in debt'servicing; The traqsitipn
to that new‘Steady-state is financed: however, by an increase in nominal
balances.

As taxes are reduced, individuals attempt to spread this increased

.

income to later periods of life. Consequentﬁy, the price level rises
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and the real rate of return falls. The increased price level is not so
high as to reduce the steady-state level of real balances. The real tax
is reduced -(dt > 0, T < 0) as are the stocks of real interest bearing

debt outstanding.

d) Decreased Nominal Taxes (dM = 0)

An alternate mode of financing a decrease in first period taxes would
be to use a change in the stock of nominél bonds, constraining the stock
of nominal currency to be constant. As T rises and B fa]]s,'the price
level begins to decrease as 1nd1v1dﬁa15 attempt to transfer consumption
to the second period bi purchasing real balances. The real rate of:return
falls as individuals attempt to increase their holdings of real bonds.
Note also that in this case, the bond financed fiscal policy (dM=O) will

yield an aggregate demand effect. Since the present value to an indivi-

dual of his tax liabilities and bond purchase and #esa]e is

o : X .
P.V-‘-T—'-I_+F+'T—;? \:

the net'change in wea]thqis the change in his tax liabilities. Since in

example d) those tax liabilities fall (dt > 0, t < 0) dggregate demand

increases as net wealth increases.

In the new steady-state equilibrium th;r:;;;:>a]ue of first period

taxes falls (dt > 0, 1 < 0) while the real value of bonds and money rises
as individuals increase their demand for second and third periéd consump-

tion and therefore, for nominal assets.




45
-
S~

The first two experiments correspond roughly to those perform%g by
Patinkin (1965) in his full employment model. When comparing deficit
financing to an open market operafion he arqued thaf the real rate of
interest would fé]] by.a greater amoﬁnt in the latter case due go the
wealth effect.(;ssuming government bon&s'were net wealth). He argues
that "the government's reacquis%tion of its own debt is accompanied by‘
a corresponding reduction in taxes, so that its budget continues to be

7 This corresponds to the above finding that dT and d: are

balanced."
positive given an open market operation (T,: - 0). Patinkin's conclu-
_sion of a larger interest rate effect for an open market purchase %Lyk*

necessarily follow.

In the latter two experiments, it is interesting to note that the
price effect of a decrease in taxation depends entireiy on the mode of
financing. The increase in first period income will create a higher
price level only if it is 'financed' by an increase in nominal balances.
If i; is financed by a change in nominal interest bearing debt, the
demand fo; currency will increase without an increase in supﬁly so that
the price level will fall.

-

Martins argued that the nominal rate of interest was not directly
affected'by a change in the rate of inflation but was determined by the -
Bond/money'({ = b/m) ratio. The latter conclusion is easily demonstrated
in a noé-inf]ationary envirenment by using the government budget €on-
‘straint to solve oﬁt T and substituting m, for b, yielding the following

system,8
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Uln(1) T
' Uélm] =1

Ui 1 -n(1+7)]
———Ugta;]——— = J+r

where the effect on r of an increase in y is,

dr -m[U$U5(1+r)(1+Y)+UTU§+U§U§(1+r)]

N U T A T B \

Thus, dr/dy is positive, since to induce individuals to coﬁsume more
in the later period of 1ife requires that the return on bonds be increased.
However, 15 the next section, it will be'demonstrated that Martins's con- ‘
¢lusions do not necessarily follow given a change in the steady-state .

tnflation rate and a more general utility function.

IV. INFLATIONARY STEADY-STATES

=t

In this section the comparative statics of the steady-state equili-
bria in an inflationary environment will be examined. The system, derived

as before, is;

Uy D1remeb/ (1) (140)]

UsTm/ (T+u)] - TH
Ui[1+T-m—b/(1+u)2(T+r)J
5 = (1+r)
U300/ (14)°]
b
Tem T%H - 2 (1:r)

(14



As discussed above, the purpose is to determine the effect-on the
steady-state real rate of interest of a given change in the rate of,in:
flation. Since the argument of this gﬁgay is that the effect of a change
inm on.r depends on the source of inflation, the method édopted to allow
strict comparisons of steady-staté equilibria is to compare equilibria
given an exogenous changz in the rate of inflation under di%%erent policy
constraints. This will allow the isolation of the interest rate 1méTica—A

tions of the different constraints imposed and yield implicatiens as to

the inflationary potential of different policy regimes.

The comparative statics have been dividgd 1nto”%nf1ationary figca1
‘po]icy; where the level of T is not held constant, and inflationary
}1nancia1 policy, where t is held constant. It is éssumed throughout that
indivjduals,exhibft gross substitutability between periods. With r;spect
to'the~separab1e hti]ity function assumed thus far, this is equivalent

to the'assumption that the degree of relative risk.aversion,(Ri) is,

U“i'C] .
R = -3 5_1

;

contrary to'tﬁe re1at1vely'ﬁestr1ctive assumption made by Martins, that

. Ri = 1, so thdt individuals exhibited no gross substitutabi]ity. It is

dasily shown that in the model above this is equiva1ént to assuming that

the demand for real balances is not a function of the real rate.

¢
8.

As in the non-inflationary environment, the government has five ’

-

policy variables at its disposition; r, m, 1, m and b, with only two

degrees of freedom. If, as in the examples below, the government chooses

~
<



' to increase the rate of monetary e;pansigni it cannot’gimp]y accommodate
changes in the other four policy variable¢ but must offer an additional -
constraint on the move towards the new steady-state equﬂibr'ium.9 As a
taxonomical device, the comparative static exercises below are divided
into; a) inflationary fiscal policy, where the bond/money ratio is held
constant, b) inflationary financial po]icy,lmheﬁe the tax/transfer is
held constant, and c)~other inflationary policies, whereby y and 1 are

, not constrained to be constant.

The comparative static results are derived in the same manner as in
section III, taking the total derivative of the above,sfstem and solving
for the relevant partié1, given the policy regime 1mposgd. The qualita-

tive results are summarized in Table I.3.

A
n

a) Inflationary Financial Policy (dt

0)

An inflationary financial policy. is one whichrréises the rate of
inflation and rate of mdhétary growth, leaving the level of real trans-
fers cdnstant; Given the assumption on R and grogs substitutability, the
only unambiguous effect is to reduce the stock of real ba]anées. The
interest rate effect-is ambiguous, |

0(1+Y‘) . U-lT’ Uir Usm

dr ' I 2

o = { U5 + t— ) G+ W)

0lg=0 3 ()l () t(er) (#n)3(er)” T2
T (10 I ujuym . Ugugn'x(w)1 -1
13 e ()2 ()

‘ﬁ
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.commitment to the'level of tax versus money finance through ;ime.

Private is]and'demand is equal to the-supply of veal balances by

the current old. If m repregents the total nominal balance carried over

from the previous period, then m/Zp and m/ZB'is the tofaT 5r1vateedemand A

for goods in each island prior to taxation (the 'hat’ disfinguishes:the
two islands' price 1evels). '

The‘tax rate on the wealth of current old is,
,where y is a random var1ab1e d1str1buted continuously ovef~the 1nterva1
[0,v] by & knoWn probab111ty d1str1but1on f(y), and b is.a non= stochast1c
fraction represent1ng ‘the degree to wh1ch government expend1ture is ‘
fﬂnanced through money creat1on L A . i

kw3

By the same " token uym is the addltvon to the current money stock

used by the government "to f1nance its. expend1tures Thus as approaches ,

un1ty T approaches 0 and government expend1tures become f1nanced so]e]y
through money creat1on. As u approaches zero, pub11c expense becomes .
financed:so1e1y by taxation.

=

Each period, goyernment receipts equal its expendftures,so that the '

addition to thejmoney etook plus tax revenue levied on nomjna1 balances

held by the cUrrent-oid'must'egual nominal government. expenditure. ' Thus,

-

]

g (o) + il

T%i (1fur)m e
. | ’ :

m + Yum

(S )
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o U{Ugo \ U"U"b‘ - .UEUgb Lo ’
(1) (1) (mg@ 14r) 1) (1)
. ‘ - -u . ' ’ . - “ %
° ., . Uér. Un R . d
i ‘;T—[il(]ﬂ+)+ ]>0
(14:) 5 (T+r) . ‘

o

As R, approaches unity, (Uém/(1+~)+Ué) approaches zero and thé more

Tikely wil1-pe interest rate effect be positive. Equivalently, the less

.responsive is bond demand, and the demand for first period consumption

% .

to changes in the 1nf]at1on rate the 1ess 11ke1y will a negat1ve 1nterest '

rate effect be needed to clear the goods and asset markets

RN

As . R2 approaches zero 1mp1ytng a 1arge degree of Substitutabi1ity,~'

the rea] rate may ‘have to 'falh to reduce the- resu]tant increase 'in demand
&

", for bonds ~However if the. 1nf1at1on effect on the demand for, f1rst and
third per1od consumptlon is 1arge enough, the 1ncome effect of the 1n— :
. crease.in - and a 1arge decrease in r may reduce the steady -state stock

: :Qf rea1 bonds and further reduce the stock of real ba]ances

o o®

The steady -state bondfmoney ratio will unamb1guous1y rise 1f T < 0

If the 1eve1 of real transfers is very 1arge 1t may be the case-that v N

falls so as to mawnta1n that initial 1,

: AThiS'resu1t is i1ustrated in ?1gure 1. For the sake of'diagramma—z

.~t1C conven1ence it is assumed that uy. .} is homothet1c and the level of =
,J(constra1ned to ‘be held constant) is equa1 to zero " Given the assumptton
: regard1ng preferences, the initial steady state equ111br1um may be exa~ N

'mwned w1th respect to a typical 1nd1fference curve'ln (p , ~);
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vjhe tndiyidual wi]ﬁ:ceeose Cz'and §3 S0 as to'satisfy his budget :
K constréint.so that in equj]ibrtum the slope of the 1ndifference curvei
wti} egual —(1+r)(1+n){weere.the margina1_rate of substitutien equals
.the relative‘prices'of Second and thtrd period conéumption Market equ111-
¢

brium occurs when the goods market clears and the asset market clears.

, The latter condition occurs when.the.government s budget constratnt in.

- terms of C2.and C3 is satisfied. * Thus, wusing 8) and 9) in 13) yields,
Iv ‘ k - - ) l - . - - ’ ‘. -
,c3=}}(1+r)c ?(—]}‘"—l , ‘ L :

. eeigt_a in Figure I.1 repneseqts.a‘steadyfstgte edUiliBrium,:where
‘both.the individua1'siand the gevernment'é‘budget coﬁstraihts are' : .;\
'satisfied. ‘ | - ‘

. . O
Consﬁder an increase in 7. Prior to the real rate ad3ust1ng, the
government budget constra1nt W1]1 rotate as shnwn, 1ntersect1ng the’
1nq1fferenee curve at_p01nt d. Aga1n prtor tor ad3u§t1ng, the,1nd1v1fj
. dual's budget cohetrajntjger now tangeﬁt'at a pdint above-oribetbw d.
At c'there will existAan”excess demand for thjrd:periodeconsumptjon
and bonds - requiring the real rate to fal] As r'fa1ls the slope of the
,.'1nd1v1dua1 S ccnstra1nt f]attens wh11e the slope of the government con-
stra1nt steepens o) that the equ111br1um 11es between ¢ and d, wwth the '

rea] rate 1ower

If, prior to r. gdjusting, the 1hdiyidue1's.budget constraint tangents
at.a point b, therewill be an excess supply of third period consumption

.~a6d”bonds. The real rate must.rise, steepening the slope .of the -

~d
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steepness of the indifference map. If ¢? and c

T -

* _individual's budyget tonétraint, 1owehing~the.siobe of the government's

-

butget constrgint. Thus the new equilibrium }igs‘betweén b and d, ét-;

'highet real rate.

The fact that y will rise 1f t <0 is i1lustrated by noting that,
c
¢t THm

 which is the siope of the ray from the or191n to po1nt a, the 1n1t1a1

equ111br1um. If= 1ncreases g1ven Y. the slope of the ray will fa}] >

However, since the new equi11br1um must 1ie between points c and b, the ‘

. ray %hroqgh the new equiiibriumAhust have a'greater‘stope than the .

_original. Thus -y must.increasé so that the-increase in inflation is

used to finance a financial policy, an increase ih y.

. While not a formal proof, it is chvious that the Mundell<Tobin -

. ‘effect depends on thé'deqréé;of substﬁtution be'twéen C2 and C3, or the

-3 are ‘poor substitutes,

"the budgetary-requjrgments ot the;govehnméht méy induce the real rate to‘

rise.. . o _ : S

. e

-b). Inf1ationar& Fisca] Po1icy t&y=b) e : :. ' o a

N

In thxs case, the 1ncreased monetary expans1on f1nances a change 1n

is cpnstant Under thws po11cy reg1me the Munde11 Tob1n effect 15 un-

~

'-must fall,

.' the tax transfer under the policy constra1nt that y, the bond/money ratlo B

.émbﬁguous As the opportun1ty cost of ho]d1ng rea] ba1ances r1ses faster

~than that of real bond ho]d1ngs to ma1nta1n the 1n1t1a1 Y the rea1 rate :
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dr| TR uplsi+r) gy U3
] I sy B e ARV E L 3
dy=0 ()7 (14m)~ - (14n)”"
Uu' - o  -= o ’ .

+<.gﬁ\~rﬂ—ﬂ+u§) ey R
U§(1+r) | L

(1+n)3

ey

o= -Usluy (1 1} ) Usl > 0

As can be seen’ above; as R2 fa]]s, the 1nterest rate effect 15 magn1—‘
'f1ed In _other words, the greater degree of gross 5ubst1tutab111ty the
greaterAthe Mundel]-Tob1n effect. The net effect’ on equ1]1br1um stocks
- .of. rea] ba]ances and bonds also depends an RZ If tbe-degvee of'substl—-f
.tut1on from money to bonds ig s11ght (R , ) thed m dnd b wf]f‘bdth
rise ‘If, however,'1nd1v1dua1s are extreme]y senswtlve to changes in ;

“"the 1nf1at1on rate, both m ‘and b w111 fall.

A sufficient éohditfon for the level of real transfers to rise is.’
that they be neédtfve-(r_i_O)‘dUe to the faet that m will not vary. in a’

ré]ative]y 1arge qmnnef'given ﬂhis policy constraint.

Th1s resu1t is 1}1ustrated JnF1gure [.2. For the’ sake of convgn1ence

'_31t 15 assumed as above, that U is homothet1c The 1n1t1a1 equ111br1um .

f'occurs at po1nt a- where the budget constra1nt 15 tangent to the typﬂcal

.1

et
\ .

~1nd1fference curve . U “Thus at a, . . S 7. A
‘Ué .
T (149) (14) T
2 : ' . o S
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the marginal rate of substitution equals the ‘rate at which the eonsumer-‘.

3

mey trahsform~C2'and c. If ¥ is the fixed- bond to money ratio, the ray.

from the origin..to pownt a w111 have a slope,
C3

= y/{1+n)
) Ez Yi

.

:If the monetary author1t1es increase the 1nflat1on rate to T, the

consumer is constra1ned "t6" cons ume C3 and C%,so that

B S |
ngy/(lﬁr ). - e .
PO . : - NS

~and thus_the new ;teady-stete eq%f]ibrtum will be at a point b-where
r' <.r, or where the real rate has beerf reduced. 4

S B - . . i | o

Note “if v = 0 inittally, it can be dennnstratéd'that‘an'ﬁncrease.

-

o

o dinim w171 imply- an 1hctease in fﬂ"Since the~government'$.bqgget con- -
53&

straiht may Be rewritten as, -
el tiegatn

r

._1t is co1nc1dent with the ray through po1nt a at the 1n1t1a1 equ111br1um '
If the new equ111br1um 1mp11es r is 1ncreas1ng as 1ncreases then for.
‘170, the slope of thg governMent s budget constra1nt will 1ncrease
Thus, for 1t to intersect at p01nt b, the new equ111br1um po1nt, requtres‘

. that T.> 0 Thus, the 1ncrease in 1nf1atwon has fananced an 1ncrease 1n':'

N : the- f1sca] def1c1t

'*' .. a )
M~ .
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" ¢) Other Inflationary Policies -
(i) db =0 |

ACdnsider an‘inErease in moneta}}.growth,_where the government cdn~_
straine the real stock df optétand%ng‘govérnmenf interest'bearing debt .
te be,tonsfant,' In fh;s case thewétandand Mundefl'Tobin effect is eviJ
dent, the real rate gn 1nterest bearing gebt is reduced. However, the
effect of an 1ncré£:: in mon 1, m and vy, the bond/nnney ratio- 1s amb1gudus

given the assumptlon that.Ri is less than or equai.to unity.

-f In fact,.only 1f R2 is s1gn1f1cant1y less than un1fy or as the
degree of- substxtutab1]1ty increases, w111 the effect on the equ111br1um
values Qf m and T be’ negatlve As the degree of substwtutab111ty rises
&he more T1ke1y the 1nd1v1dua1 w11] dec1de to consume in his first per1od
of 1jfe,‘foregqmng §econd per1od consumpt;on 4Th1s wou1d as the sub— '
:st{tutidn jncreased; requine T to fall (‘taxes 1ncrease) as‘fxnanc1a1
.1re9enué;:to the government.started to dec]ine; —

(1) dn = db :i"}':wgif

' .Cons{der row ‘an. infiationaky 'open-markef operation‘:where'the inf1a;_
, taon rate 1s financed by‘equal and oppos1te changes in rea1 stocks of
V-nnney and.bonds In other words the sum, of 1nterest and non- 1nterest

‘ ﬁbear1ng real government debt is he]d constant Surpr151ngly, the effect
S Yon r of an 1ncrea$e~:n T wall be amblguous depending on Ré and the -

0

' degree of gross subst1tutab111ty between nnney and bonds

.‘.- L 4

lf"hé:fs m@%ative]y'small fhen‘mbneyAand bondé-Will be c}dée' : oL
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-substitutes In thns case the 1ncrease in = will increase the rea] rate
to in dUCe the pubhc to hold bonds. By the same token, the equ1hbrmm

level of real balances will fall.. If R2 is c]osé tc.)’L;nity,.th'e "opposite
rnay oceur. The ‘mcrease in - w111 cause r to fa]] as indi v1dua1s ex-

- e

change bonds for money

(iipadr=d (D) - o

- Finéﬂy, consider a change in the level of real ttransfers that.is

-

constrained to be financed solely through the inflat¥dh. tax. Given the

constrairmt on the inflation tax, the revenue for interest bearing debt

14
¢

is a1 50 constrained to bé constant. Thus, if n increases, b apd r must-

P

movw in oppositd directidns: Since bond demand increases with the in-

‘crease in m, the-real rate must be bid down.

The -effect of the incf‘ease in w.on t and m will. depen'd‘ on the rele-

" yait elasticities of demand. If the cross elasticity of bond demand 1is

- great then- the level of real balances will tend to faﬂ as 1'ndiv1‘duals'
substit‘uté towards reaT bonds The net effect on t is amblguous >By the
“gam token, however, the 1arger is: substwtutabﬂ}ty between assets, the -

4 more 11k91y w1H it be the case that dr < 0,-as the 1nﬂat1on ‘tax faHs

v

’:“»'-. “ .
R R

v C'ONC.'LUS.ION

The comparatwe stahc‘exerases summmzed above 1mp1y that the

relat10qsh1p between the rate of 1nﬂat1on and the rea] rate of retum .

t

on K} ﬂomna] asset 1s sens1t1ve to- the type ‘of pohcy which generates .

-

Tt




the inflation.- ror'the most part 1t wou1d appear that the Munde]] Tobin ~
effect domihates.~ That, is to say that the’ subst?tut1on effect w1]1 tend
to create an excessldemand for bonds, b1dd1ng their pr1ce up and the
rea1 rate eown.ﬁ furthermore while the duantitative:differehces of the
effects of the different policy regimes have not been dwscussed the _
var10us constra1nts will a]so have a role on the magq:tude of the
interest rate effect.

Twolsutfiéientlceanti§as-whichﬂbharantEe a negative'reSpohse of
real rates to an increase ih'int1atioh and menetarj grpwth:' that the.
'bond/money ratih be held tonstant or that there erist_a large degree!of
Suhstitutabiﬁity be tween bends'and.money.: If either fothese two con-A‘ ,‘
datiohsﬁare_not.net, it is<11ké1y that the,rea]frate-wi]] rise in res~'

po&se,to an increase in monetary growth'rates..' o . o

\

For examp]e, it appears that R 'plays a maJor role 1n determ1n1ng
those quantitative effects, and in the case of severa] of the experw- )
nents, the qua11tat1ve-effect on the‘lnterest rate~- In particular, if
R2 is close to un1ty, 1mp1y1ng a smal] degree of 5ubst1tutab111ty between
assets as 1ncreases, the effect of an 1ncrease in the 1nf1at1on rate,"'
. g1ven dt = O~and thémefore no first per10d~1ncome.effect, is to ]nduce'

individuals to hold. real hohdsz so to clear the asset and goods” markets

 requires that the real rate increase: 2 o ' B

However, ah 1nf]at1onary opeh market operat1on (dm = -db > O), will
tend to lncrease the real rate if R2 is tlose to zero or 1f there exasts- .
a large degree Qf4sub§t1tut1on as m 1ncreases; “'As the inflation rate

g, . PR . .- .
""\‘» . Lo _ . [

Tt €
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. fpe m‘
\-.a* 2

1ncreases ~the .demand for real’ ba]ances decreases and. the demand for R
first and second per1od consomptwon 1ncreases However g1ven the.
constraunt on. m and b, the supply of real - bonds w111 increase faster than

the demand therefore to induce the1r purchase the real rate must r1se

s

.

The ab0ve conc1u51ons appear not to depend on the- re]attve1y simpte
ut111ty funct1on Fer example, to- abstract from funct1ona1 form one
c0u1d nep]ace the f1rst order cond1t1ons with exp11c1t money and bond

-demand fuhct1ons (:g m = (r,*,* and b ‘;i 7)), Perform1ng the
above comparative stat1c exercxses wou]d y1e1d qua11tat1ve1y equ1va]ent

'.resu1ts? that_the effect on r of .a given change in *watt‘depend on.the

:‘resbective magnitudes of:the crossﬂprice etastictties of bond~and‘money~‘
demand.and the palicy constra1nt 1mposed by the 90vernment | Furthermore

there does not exast 2 monoton1c re]at1onsh1p between ' and the rea] rate .

L ]
1

In conc1us1on, alth0ugh it appears that the steady state change in,

' the real rate on a. nom1na1 asset with respect to an increase in moner A

' tary~expans1onhi1s frequently amblguous. there can be no doubt that 1t

is not independent of m. The qualitative and quantitati?e'effectfon r

depends both on the degree of gross subst1tutab111ty between per1ods, and.'

therefore on }nterest e1ast1c1ty of money demand and the inflation eles-

t1c1ty of bond demand, and on the po11cy cOnstra1nts 1mpdsed by the 7/';"

‘ government Since the latter are not, 1n general, c0nstant and the former

’ may also vary w1th changes in 1ncome and pr1ces, this may in part serve

to expTa1n the.d”ff1cu1tyxof researchers to conf1rm the: Wunde1} Tob1n

. effect : f',: :?. o : - R
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whtle the market c]eartng cond1t1on would beh g

* FOOTNOTES

Fisher (1930), p. 451. S
Str1ct1x,speak1ng, the ana]ys1s belaw .is predtcated on the former B
assumption.- A cash -in=- advance constraint would change the budget
constraints de52r1bed be]ow. Note further, that pr1vate debt is
assumed not to exist. Th1s shou]d not affect any of the magor con~

. »

clusions d1scussed below ; i ft .
Note that this requnres the assumptton that 1n the steady state the |
“nominal rate is str1ct]y pos1t1ve . “". - " 'i—ﬁ - Q} t
A more general spec1f1cat1on wou]d a]]ow 1ndav1dua1s to carry money

balances between the. second and. th1rd per1od of 11fe Howeﬁer,

s N
- since the ana1y51s is® Txmlted to steady-state equ1]1bn1a where real

bond ho]d1ngs are pos1t1ve (1 >- 0) the d1st1nct1on 1s 1rre1evant e
On]y if the dynam1c path to a steady sxate were to be cons1dered
,wouid’ such an opt1on be relevant '_;':“ 1f"' P .'5:;’”:;i

.

The government, as presented apparent]y has no rea] ro]e 1n the B

B economy beyond ba]anc1ng 1ts books For those to whom such a des-.

-

‘ cr1pt10n 1s abhorrent .an a1ternat1ve representatlon cod]d 1nc1ude

a fTow of real serv1ces (x) from 3 pub11d good wh1cH on]y the

government may prov1de Thus, the real bbdget constra1nt could be 'i;;, L

mnmmdto,.ff i~ﬂf" v

\)

" x =m Tﬂ~ L A T
2 1+r . . SN :

- .- R N

. B0 . Lo .'A'f
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"fand the utility funetionﬁwode then'bé.hypothestzed to be, -

. o Lo 8

TN IR (e IR e

.

However,. given a constant x, it is unlikely that the comparative

'staticnresults'above would be appreciably changed. . 15 '
See the. appendix. . .
Patink1n (1965), p. 293 fn. 21.

Note» that, str1ct1y speaktng, the bond/noney ratio is not- b/m in

: the steady state since b’ 1s only the current new 1ssue and does not |

1nc]ude the prev1ous per1od s issue whose CUrrent rea] value 15

b/(1+7). ’

In fact, the government S 1nstruments are all nomtna] the nominal

]eveT of transfers, the nom1na1 1eve1 of money and bonds, and the1r

°

growth rates However, by ad3ust1ng these 1nstruments the pr1ce-

1eve1 a]so Var1es so that the government ‘had contr01 over the1r

real values .

o
-

l-*': -
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JER In the non- 1nf1at1onéry steady -state the comparat1ve stat1t resu]ts
in Tabie 2 are dertved from the tota] d1fferentral of equat1eps (7) to

= (12). vFor 1nstance considering the effect of an.increase in nom*na]

balances to f1nance an,1ncrease in the tax/subs1dy~by an apen market

7 ct‘

" operationg if

437

L)

ey 5
- B o " .'bc ‘\ . N . .'\' .
o ‘ " .. [U‘I U ]'H“ W e T) o
.- R + U" U"(]'*r)z(m'*-b) ' ) . ‘ :_\..
“ : S - ’ '2 3 ' . . B
c ’ [ i <0 . ‘4 U“'U“(‘l"'r')(m + L-'*)J/A .
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S A U3(m+b) + U u3 rM ,
ﬁbA;,i B . rBm '
Lo Uu U"(( + ]/“
1572 1 ]+r - 1
.’A-I‘ =[U3'(m +.7%'r7 - T)(‘]-kr + U (1+r)m]P U‘ : ‘ f 'a
| ‘ . | 4\ Lf : | “./‘ L ‘ ., :~ . ’ ) A m‘:_ Aa . '
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then

v ]
~ - i :_ dp_ " " " n 1 B
5 an =LY Uy B + U3 U B 0T
% - U{‘y3 P - Ué 95 rP]/;2 . .
dr _ -. l‘l n . 1
'aﬁ = —r[U] U3 b(1+r) + U] U (]+r - 1) )
+ Uy U3 b(1+w)]/;2' .
éé.a i' B df. o S
dM "r(1+r5_aﬁ7' L
[\ = m B..UH U + mB Uu U” mB Uu Uu .
2y 03 32 T'_' 12
v '..7rP U?:Uéimtb)'— r Ug Ué mP
A}ternativeﬁy, if the govefnmenf.increases”the.leve1lgf nominal
taxes -undei_the cqnéﬁﬁaint*thét“
4 =0
R . : : : ’ AN
. then R o o g . L3 ,
4 o o S -
Cdr bty j L g
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In-the- inflationary steady-state the éQuilibrium‘vaLuES of r, m

and b are dexgrmined_by,

ST+ -m- b‘(14-)£(}+r)j:: BB
1 bé‘[m,ﬁ‘& 'q . N 1+'
63 (1 memeb/ (1450101} ) .
. \ ‘ 5 = Jer
Uilbi (1)
. .- . B
_ P T o .
R b I ™
1 - 1+,)¢ 1 f

*he comparat}ve stat1c resu1ts n Sect1on IV are derlved

System be10w under the appropr1ate po11cy constra1nt

s

by solving the

P
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ESSAY 11
TAX VERSUS MONEY FINANCED FISCAL POLICY

IN A NATURAL RATE MODEL o

1. INTRODUCTION
—f

The‘importance of the way'in which oovernments finance theirfexpen—
,d1ture has qrown in both the academ1c and po]1t1ca1 spheres In recent

‘years in both the U. S and Canada, attempts have been made to<~‘duce the

: rate of nOmlna} monetary growth to reduce wnflgkaon makvng thlS issue

L)
v

of pract1ca1 1nterest e

-

Examples of recent-research address1ng th1s issue include that by
Sargent and\uallace (T98]) who argue;that g1ven exogenous fiscal policy
\an attempt to Yeduce monetary gronth in- the shorf run may increase -cuf- -
'rent.and/o%»iuture,inf]ation,when the'deht.used‘to finance the deficit.
is monetized. Wh11e.this result-is hard1y:%unpfi§ing gi&en~theﬁr‘aseunne.Af
tions it does imply that the.lﬁnk'between monetary otowth'and'inttation

} is. 1n«part dependent on the f1sca1 ru]es that the government adopts.and

“the 1ong term mix between money and debt

Bafho (1974) has.noted that the rea? and nom1na1 1mpact between tax .

~,and bond f1nanc1ng may be zero under certa1n restnwct1ons Essent1a11y,

3

if the.current populat1on_dmsgounts future tax 11ab111t1es such that the
futureitax‘burden in -present va]ue'tefms‘is‘effective]yfequal_to the

curnent tax burden, then a marginal increase in bond fjnancing ofigovern—.”'
_‘ment expenditure will mean that individuals will substitute savings, in-

K3
Yt
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.

" the form of governmerit debt, for savings, in the-form of taxes. |

4

-~

tha1]um (1982) has argued that un]ess the- def1c1t wh1ch government.'
is f1nanc1ng is. appropr1ate1y defined, even in a Ricardian economy, in
which- taxes are perfect substltutes for bond f1nanc1ng, a temporary
. increase in the deficit will not be neutra] w1th respect to pr1ces even

+

when bond f1nanced

Simi]arly{ Chan (1§83) has argued that Barro s resu]t does not hold
if future tax burdens are d1str1buted random]y across’ ‘the popu]at1on |
~-In thts case,‘current_taxes are not perfect_subst1tutes for current bonds "
since the household is no 1ongerjtndtfferent between certain current -
.taxes versus uncertain future taxes Gertler and A1yazar1 (1983) note ‘.
that 1f current bonds are to be monetlzed in the future Barro s result
w111 not hold w1th respect to nominal va1ues thus gTven nom1na1 rlg1- '
d1t1es, rea] effects may resu]t from a change 1n the mode of f1nance
They also note as does Chan that if future tax. burdens are not diss .

tr1buted equa]]y across the populatlon, reaI effects of sztch1ng from

_tax to bond f1nanc1ng will occur.

e

Most of the above d1scussxon may be descr1bed 1n terms of the so»

ca]]ed relevance of- government po11cy3 As Wa11ace (1981) descr1besh

po]1cy ru1es may be der1ved in wh1ch the nomtnal money stock is. Trre]e-

“vant to” the market equ111br1um.pr1ce and output ]evel Swmp]y, th1s

: resu1t fo]lows when the government exchanges ftat currency for pr1vate

-savings. If the government prom1ses to return: the real va}ue of.those



A
i

R

o ’ . L
finance of government policy is-irrelevant.

68 .

savings for the tiatvcurrency it originally.offered, ‘there is.no need

tor,prices or quantities to~change. This interpretation is confirmed

‘.by‘Br}ant (1983):who, in-a simple two-period context, deéomposes 'rele-

vance' theorems into two Categories. The first argue that any govern-

ment policy is irrelevant Whj1e the latter arque that the mode of

A
In what fo]lows4 the latter hypothes1s is exam1ned in the context
of a {natural rate model" proposed by Lucas (1972). Spec1f1ca11y, the

distinction,. if possible, between tax and money financ1ng.of.a stochastic

éhock to the'djstribution of producers, as in Lucas's -original exposiQf

tion, it is the distribution of government expenditures-which is the
source of confusion between,aggregate and relative,disturpances,
Specifically, a policy ru1e'is derived-which gtven'fu11 current
. - @ ,

information to current produceréu 1eaves current output unchanged w1th

ua change in the degree to wh1ch current government expend1tures are

{nnanced by taxes versus money reatton However, if current }nformat1on

A‘regard1ng current shocks is obsc ed 1t is shown that ‘the mode of

f1nance is no Ionger 1rre]evant to. the determ1nat1on of current output

S ' : Lo
These results are 1nterest1ng for a number of reasons “Firstly,

[

they y1e1d an 1ns1ght with respect to the 1mportance of 1nformat1on to

Azrre1evance and equtva]ence theorems Th1s is 51m11ar 1n sp1r1t to»
" Le130nhufvud S (1981) descr1pt1on of the costs and consequences of 1nfia-

tfon.,lhhilet g1ven fu11 information, a change in the mode of f1nance ;

NI
‘
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' than full 1nformat]on‘ Sect1on VI d1scusses the opt1ma] f1nance mode

L o - o L
"+ 1is irrelevant to the private sector's decision process, if a lack of

information means that priceS'np'Ionger yield the same information, .

.privete agents must ?hedgeﬂfand.Change their behavioor. The results -

‘are a]so fnteresting'for pedagogic reasons givengthe prevalence of

'Lucas style' aggregate supply curves in ad-hoc macro«models and

under-graduate texts (Park1n (1982))
. ‘ _ - ;
~ No other c1a1ms are made as to the aptness of the mode] chosen

“to 1nvest1gate the role of 1nformat1on and government f1nance None<

the}ess,,the results~below are 1ntended to serve as a benéhmark fOrL:

subsequent research. 7 1

Section I1 describes‘thé ecdnomy.and the government's expenditure

- rule Sect1on III deflnes the equilibrium. Séctions IV and V explore the

: effects of changes in the mode of finance on output g1ven fuTT and less

l

II.”THE’MODEL‘ S

‘ The modet is adapted from Luaas (1972) P‘lemé cﬁakig énd;Weissﬁx

(1977) and Azar1ad1s (198}) As fn the above, conf s1on between aggre-’

"gate and re]at1ve pr1ce shocks leads to nom1na1 d1st rbances havxng rea1
:, output. effects However, ip the versxon below, the 'ature of the. shocks

,1s amended $0 ‘that the relative shock Js the proportidn of total govern;,,f

ment exgendftore allocated to e:giveofislgno whi]'ithe aggfegate‘soock.

8.

s the size of that total level of government‘expe di 'es,Whioh;is" RO

. o
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‘fihanced with either taxes or money creation. It is shown that under
such circdmstaheeé mdney:and tax financing are equivaleht in their outs
. put impact.except when there ¥s a signal extraction problem- regarding

the size of thé monetary shock. . «

—

The economy .is characterized by two islands which are 1nformationélyy '

- isolated within a periodf It is assumed that the.popu1ation is static,

each 1nd1v1dua1 is econom1ca11y active (om'ghaduated) for two periods'
The two per1ods are d1st1nqu1shed by the a55umpt1on that durvng youth
in the f1nst per1od of 11fe, agents work, in perfect competition, bu

do not consume, saving -the fruits of their labour in the form of fiAt

/

cyrrency, for consumption in old age, the second period-of life. /

x5

Generatwons over]ap in the Samue]son1an (1958) fash1on, th young
be1ng d1str1buted even1y between the two 1s1ands Gaven that fhe 1s1ands

are assumed 1dent1ca1, ex- ante the younq m1grate after the1r fqrst .

sav1ngs ' ThlS 1mp11es that the- pr1vate supply of cash ba ances is equa]

o 1\\bbth 1s1ands at the start of each pgrlod L

¢

C It ds assumed that the government has a stochast1c dema d- for goods pro-_ '
duced each perwod and- that 1t d1str1butes 1ts demand fqr goods in &

andom fash1on between ‘the two 1s1ands Thus not on1 is the size of

’




n

: government expenditure stochgstic,‘so,is its .composition. ‘This "is ana-
10gous to an uncertainty of the government's-choice’of‘guns versus butter
(defence verSus~pub1ﬁc.education). A]ternatively;ithis uncertainty may

“be viewed as a stochast1c re91onaT d1str1but1on of expend1tures There-,

m, R i

fore' the uncerta1nty regard1ng market Or reg1ona1 d1str1butlon makes

the exact 1dent1f1cation of the total level of government expend1ture

based on observat1ons of market or reg1ona1 expend1ture 1mposs1bTe, con-

fronthg the agent with the~need to 1nfer government policy from avail-.

able information. | |

The government finances 1ts exoendwture through a combwnat1on of

'tax and money finance. Tax revenue s based on the proport1on of weatth

o that the current dld br1ng to the current per1od' This may also. be viewed

- as a tax on thewr nom1nal income last perwod since. in th1s s1mp1e frame-‘

3

work 'the two are equal An 1mportant assumpt1on is that the tax-is

[

' stochast1c from the vantage of 1ast per1od Thus the current young
also face a tax on their current earnlngs wh1ch 15 not revealed unt11

after they have made the1r work/1e1sure cho1ce

[
»

‘ What is known with cehtainty 1s the extent to wh1ch a given g@r1od $
1 4 ‘ ‘
government expend1ture is f1nanced by tax versus money finance H0weverﬁ

this .will not, in general, be requlred to be thewsame across't1me;~

ke

The young must choose the opt1ma1 1eve1 of lab0ur given the re]e-
1., ' x\vant hlstory of the economy. the money supp]y 1ast per1od the d1str1--
\“. ‘ butlon of the government s 1ntervent10n, and the mea11zation of the(

L

island spec1f1c level of’ dEmand g1ven the-government S pre-announced

,‘.’)'



-commitment to the level of tax versus money finance through time.

Private island demand is equal to the supply of'reil balances by
the currenf old. Ifm represénts‘the total nominal balance carried over
from the previous period, then m/2p and m/Zﬁ'is the total 5rivate démahd“
.foé goods in each island prior to taxation (the 'hat' disfinguishes/the

two islands' price levels).

The tax rate on the wealth of current old is,

L _ oo«
e (), 0l

where v is a random'varigble distributéd continuously ovef~fhe~interva1
[0,7] by a_known probability distriﬁﬁtion fly), and u is a non—§fochaét1c
fraction fepresénting the degree to wh{cq govgrnment-éxpenditure;1s
financed through money création. ' : T {

By the samé token J}m is the addition to the .current moneyvstock;’
used by fhe'goyernment to finance 1ts.expenditures. Tﬁus.as Y apprbaches _
unity T approaches 0 and governmént eipenditures become financed solely

through money creation. As abprbéches zero, public expense becomes

financed solely by taxation.

Each period, government receipts equal its expendftures so that the
addition to the money stock plus tax revenue levied on nqmjna1 balances

held by'the current old must edual homina]'government expenditure. Thus,

-

u

™+ um ‘[T%? (T-u) + yi]m

= T%; (]+UY)T' Co
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2

equals the level of nominal government'@ipenditure, which is a stochas-

tic fraction of nominal balances, -

.This expenditure is distributed between the two islands by a stochas-

© tic broportion 5/2 and {1--/2) respectively where - iS distributed sym-

Py o

méfridﬁ]]y ahd'continuously.over the interval [0,2] by a known proba-’

" bility distribution g(-).

ib is assumed that both 4 and are serially uncorrelated and in-

dependenf. the~that the expected value of~- is unity so that prior to

the realization of . and - the .islands are identical.

Island demand is the sum of private -and pub]ic‘demanﬁ. In terms

of the typical island,

) g () gy Ged g T T
o (eg) (1)
Zp 14y
_m
LA

o

.A special feature of this po]ié} is that the rétio_df private to total

. demand is invariant to changes in .. From the above, the ratio is,

. ‘« f;%'(1+pv)/£liﬁ%%;%§ill

-
. o ‘1]‘;‘}1

The policy described.above has the property that changes in . do not

¢



@
L

affect incentives to substitute current Teisure for future consumption
in a direct -manner, by ‘changing the above ratio. In other words, for a .
. given supp]y of output, a change in the mode of finance does not affect

: the distribution of output between~the bub1ic and brivate sector. AThus ‘

the effect on CUrrent output of a change in . w11] be due %0 the infor-

mat1ona1 effect that changes will cause.?

Curhent output follows from ‘a dectsion by the current young to
fqrego‘current.leteure for future consumption. In_thef? youth, indivi-
duals maximize a cdmmon.ut11ity functionz choosing their labour éupp]y
~(n) and future coh5umption (c*, the 'prime’ HenoteslneitApehiod's~va]ue).

) 1
S0 as to maximize the expected value of,

u(c') - g(n)

subject to, - ' ) ) . | " .

_The first constraint restricts savings to the nominal ba]anees acquired

through sales of current produétioh Next perwod S consumptlon equats

the rea] revenue sfrom current saTes in terms of future pr1ces (p') net
of next period's tax-{1'), Z\The second constra1nf states tha§§°nd1v1dua1

output 1s SubJect to a product1on techno]ogy
.. . . . o a

¢ 7

It is assumed that v and q are ﬁncreaeing end<twice'cont1nuously

%,

‘ditferentiahle in ¢' and n respectively. “Fufther, it is assumed that _

output “is-lingar in labour supply,. Specifically,

7 AN L N

S

."_ .



*  Assume preferences satisfy,

U" < O.q qn Y O

“and, -
(2) uu? <o-a< 03 ou'ch +ut >0
where, ' )
) -
0.<ac<] . '
' '
and,
gim u'(c") = w, Eimu'(c') = 0
c'-0 - o0 -

("
-

/

Subst1tut1ng the constra1nts 1nto the ut111t?~4unct1on and maxi-

mizing w1th respect to y, the. output of the representat1ve agent y1e1ds

the first order cong1t1on that, . a:\\ _ ! o Cy

’ whérélthe individual's expectation is tondjtiona],on the current price .
level pbserved and the 1ast.perioﬂ's nominal mdney stock.

‘J's‘.

. B Given the- assumpt1ons on u, g and f made above, it can be shown- that

’
'
“




L4 . . . . : /..

the second order cond1t1on is met by d1fferent1at1ng (3) above Further, L

’ _-1t 1§ a]so the case that Q' (y) is pos1t1ve D1fferent1at1ng (2) with

reSpect to y and p, yields the resu]t that individual output is increas-

. 3 .*\—
ing in p(1-1")/p", the rate of return on current production. This

. . implies that ¢' is a normal gdod.
) 4 .

In equi]ibrium, island production equa]s‘is]and demand for goods.

\

'.1Lett1ng y represent 1nd1v1dua1 Qutput and assum1ng that the total number
of young are norma11zed to un1ty means that s1nce the young are d1v1ded

.eQuaJ1y across the two islands, o .o S . .

SR

(4) ) ~Y 87
in equilibrium. Substituting (4) inte (3) yields the equilibrium condi-
- tion for‘the typica1»is1and; : . 71 o

5) o("‘“)-e{ (v Ly g (P (g0

I N . n

me v and the unkngwn'vatuesj%f p' and yé.

o 2 -
.y ¢ H . 6

N

-

S1nce the other 1§ﬁand is 1dent1dﬁ1 except for the d1str}paf’on of
government expend1ture, its equ111br1um coqd1t1on -will be th¢ same ex-:
cept that p apd v are.subst1tuted for p andgg in. (5) the 'hat\ denot1ng

the other 1sland " The compos1te 1s1anJ\shock w111tbe g1ven th% symmet- -

. 2 \ LI o i e P
ric d1str1butwon of.H8, %
T ?' Coo e - 'g : .
G = (1*(2 o) (Ihy) . T
S : (T+Y) r . _ . {ai
RO ) . . AR
o 5 - % . "
. ? . i N o
° s 2 e . v
",' ] [}
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hen there is less

Note that, as describeqiin.fqotnote 2,

" than fu]};énformation, tax revenue is equivalent to that from money

=3 - -
Sy

creation, both represent ‘a tax on the nominal balances held by the priwate“
sector. Thts is due to the assumpt10n ‘that ‘the on]y asset is fiat cur-

rency and 1s’mode1 spécific.” However, the reSUTt% be]ow yield useful
- ) ”‘1ns1ghts to the 1ssue of po]1cy re]evance wh1cg?may po1nt to gmportant
L app11cat1ons to richer models.: ; -

o e Lo Td e
- D

N

T ~
i - P
- - . B RGN S

’, N
‘2 N . £ XY & "N e LI
4 L i .:;5 . d 3’ .

A b
g

_III. EQUILIBRIUM - ; L Wy

The output effect of tax versus money ‘finance w1]1 be examined under

>

two scenar1os regard1ng the 1nform¢§1on ava1]ab1e to* cu;tent producer“\ A
. (1) only current p and m are observed by current young, and (i1) curreﬁt ey
e, realizations of 6 and y are announced prior .to production. These two

7 - scenarios represent a consecutive increase in the information avai]able

‘1

" to current producers, consequent]y, examining. the output &Spﬁnse te’»\ ’ ﬂ”

\\t S 5

-Changes in u under\these assumpt1ons w1lT indicate how tax versus mdney o

¢ 't~:' f1nanc1ng is affected by a change 1n 1nformat1on . o

: It remains to. determine the properties of the equilibr%um price .
, A
- H ~’\ .
1 function and output funﬁtlcn with- respect to ghanges inu unde ;Ehe LYW RS

¥
@
%

D

assumpt1ons “above. G1ven "the lack of serial dependence of vy ane’o it t L

.. :

3 -

f" C T, s reasonab]e to uppose that the current price leyel depends in éﬁme ) o
.ufash1on on tbe ggérent sta%e of, the economy, (m Q’Y’u) Thas theléhrrent ; . .
" price 1eve1 is" some functteﬁ p(m e,y,u) of thOSe state var1ab1esg~xBy )
,i:j' 'the sarhe token current output w111 also be some funct1on,of these'state ?'

i .
s
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variables. In general, each‘p will also be a function-of the eﬁtire
B ’ .
f:? uence of L's the government has announced. - This_ implicit relation- -

ship will be examined in subsequent sections.
. ‘. ) 1

Specifically, an equilibrium pric¢e will be defined as a continuous

non-negative function p{m,=,;.) which satisfies,

- my 1. ’ .
(6) Q(p(m 5, \,;7' p(m,= ’rsv) .

T4y Tyl

) YI ] H
- Bl (p(*' Pyt T ? JCICE SRR .IP(m"”’“)

“where (6) is (5) with the price functibn substituted for p and p'. The

expectation s now_conditiona] on p{.) which is a-function- of ‘two random
- 3 ) !

variables with known probabi]ity distributions.

Fo]]owing Lucas (1972) it will be demonstrated that the solution to
(6) max\rave part1cu1ar propert1es then demonstrat1ng there is a un1que

solution to (6) which must therefore have those propert1es This will

be fepeated for both the two scen mentioned above.

can be'demoﬁstratéd that for:given m- and U,
> - . S -

' L (1*90YO)(1+3¥Q) {140, v, ) (T+uyy) .,
0T T (Okg) {+yy) -

impiies,

: . b(T,GO,ngu)ﬁjdp(m,G],Y?;u)




In fact it is convenient to limit the discuésion of equilibrium price

functions to those which are monotonic in v (though this is not'guaranteed_

-

by the above. property). As Lucas (1983) notes, although there may exist: N

other price functions which satisfy (6), these will be ignored.

' Further, to guarantee monotonicity it should be-<noted that the dis-
- B f . .
tributions of v and = will- have to be restricted. The particulars of that
restriction will be discussed in section IV below.

Thus, given p( ) is monotonic in v an expectation conditioned on

p(.} is.equivalent to an expectation conditional on v. Following Lucas,

A

a plausible conjecture for the price function is,
() pm,ouvsu)= m-gy (vsu)

since current 6 and y are unobserved so that-efly the .composite random.

~variable v will enter the price function with the known index of the
degree to which the governm ntAexpenditure is .financed by money crgation.

"The last period's ock of nominal balances enters homogeneously t '

';/////gggrée.zero,in mo ‘ A . ~ | -
. P C . __Ln_!= v , ‘ " . ‘ -
I B (0

Substituting for p( ) and noting that.m' = (T+uy)m yields the equiii~

s :
brium condition:
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v v "
(3) _ Q(o](V;u)‘w](v;u7 .
T 1 ey, v 1 ImY
vy 3 (visat) T ) Ty gy (vV507) Tyt )v]

or, defining f(y',v')} as the joint density function of ' and v' giveh

u', and f(y|v) as .the ‘density of y conditional on v given u, the equili-

»

brium condition may be expressed as,

-

v v .
10) _ Q(¢1(V;u7)~¢](V;u) : ST

- - v - 1 - ]+UIYI ! .n '  t
- f e O B e LMLV L Y

2

" whenme,

(1) 6 = whax , 6550 2

*If it is assumed that 1 = u', ‘that y is idenwical for each period,

- thén the existence of ¢, can be shown as follows;

Theorem 1.. Equation (10) has as a unique; strictly positive, continuous

_solution ¢;(v) on (0,») such that v/¢,(v) is bounded.
Proof, See Appendix‘].

-

‘Ih:genera];_¢é, %orhnqn;conitant.ﬁ sgquencés, is asshmg&:to ex1§§§anﬂ,_
to depend on v éhq the p'sequénce as discussed 1h section v. Howéié;ﬁ
a,bf%ef'exéminafioniof equation (10) 1éhd$ some insight 'as to how the
equilibrium Tevel of island output is determined. Refembering that

Ty =‘v)¢] anﬁ.thdt'éé‘and Q' (x)x +°¢(x) ére bofh pos%tiVe;rjt is apparent

0y



81

thatAquilibfium putput is increasing in v/ (1) -(ignoring changes ih

Flviv)).

%
3

H
While this is not a 1eg1t1mate comparative stat1c_exer£15£e1t y1e1ds
1ns1ght as to thes economic var1ab]es wh1ch drive this economy. The ratio
v/{1+.v) represents the share of nominal demand accru1ng to the typical
_island or, in other wqrds, the proporhjon of nominal bafances'thevis1and

1

receives relative to the other island.. The total stock of nominal balances

U S

in the current period is (1+uy)m while the Tevel of nominal hemand'on the
typical island is mv/2, which a]%o équa]s the nominal balahces the cur-
rent young acquire through prqductioh. Thus, the ratio v/(1+uy) repreQ
sents the.degreeito which the young benefit re]atfve to'the'other island

4

- by producing. If,

LV Ttey o - T S
oy Ty ; B

is less thanﬁhnity then 6 < 1 and the typical island is receiving a Tess

~—

than proportional shahe of government expenditukéﬁ " This in.turh implies
‘that the curhent young will beire1ative1y‘ﬁisadvantaged; re]ative.to'the
young from the other island, when it is the1r turn to consume next per1od
For a g1ven 1eve1 of output next per1od they w111 have a re]at1ve1y .

sma]1er level-of wea]th to trade with.
. 'b'. .. i . = 3
The-other arguments of‘G répresent the-curhent young's estimate of' :
thenr tax burden and next period's pr1ce Teve®, both having an effect on

the1r future consumpt1on Thus, equ111br1um output depends 6h the current

young's est1mate of the degree to wh1ch ;hey,may transform,current.output
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e
- to future consumption. An important aspect of this js'theﬁr estimate

. of v/{1+uy) where v is observed and y is inferred from its known proba-

bility distribution, conditioned on v.

(ij) If current information includes the currentArgaJization of 2 and v
. then as before the definition of an equilibrium price function will be
a contxnuous non-negative p(m 8,Ysu )Mh1chsat1sf1es suppressing the arqu

o mgﬁts of p(.),

' ~

mvymv -
(12) Q(T;)~5_-'

- E[6, [ %T——L]h,y eﬂ
cd

A gonjecture regarding the form o?'the'b( ) fupetion is;

S p(mByin) = m gy (8,73 ST :

so&that the equilibrium condition bécomes, suppressing the qrgumépts of

¢2a : - ’

' 140y T4pyy 140y T4y . . AT

13 4 : . , . , ‘
( ) o ]'."Y- ‘1’2) T+y 4)2 . ‘ N . \

‘ . . . (A

= e [HTYY L WEY I (v)g(6")av' o’

, where ¢2 = ¢2( Sytiu')

A

L IF it is‘as;umed that u="y’, that u is constant over time , thén’,
. ' . o '/' , T : .

Theorem 2. Under assumption~(ii);‘eqUatjonf(]3)'has the unique continuous
éZ . solution function ¢2(6;Y):og,(9;w).and mo,, is,the unique price function:

where v/¢_2 1s‘bounded.4 .



Prodf.‘ The proof'is idéntical to- that for Theorem 1 and is Jeft to-the
reader. Esséntia]]y, it consists of arqguing that equ‘!ion {13)
a contraction mapbing and so the seguence of funétions~it describe
2 fixed point, Siﬁqe this is unique and.ﬁ.¢2 js'a so]utibn, it is

unique solution with the above properties.

A§ in (i) above, equat1on (13) descr1bes equ111br1um output v/¢>2
as an 1mp]1c1t funct1on of the expected’tax rate and price next periody
and (1+ey)/(1fY), the rea11zat1on of the typical 1s1and S proport1ona]

share of the current money stock. ) S )

| IV. TAX'VERSUS MONE}'Y FINANCE - | ) |

. ’ i .. o . ' &
It s now¢poss{b1e, given the de§cription of the price functions
and the eqdi]ib;%um conditions they satisfy, under the two scenarios,

to derivé the output response of the representative iﬁdividua1 to changes
. c EURE L 1 .

. o R

in u;,the finance mode index. Sinqe the total number of young is norma-‘

1izéd to unity; half- going to each island, aggregate output is defined as

_ 1 L I \;.
(14) Vi 275 FaYis &

. : ob -
where y and y are the 1nd1J%gua1 outputs on each island, g1ven the

re]evant 1nformat1on assumpt1on o T . s

. . R .
€y . - . b

(a) Under the assumption ‘that agents have full current informa;idn, it

_can_be demonstrated that,

Proposition 1.';For given realizations of e'and,y;f1ndfvfduaL,\ﬁs]and
. * - e ’ -

-
v’



~that agents have full current information.

and aggregate output is invariant to announced changes. in the past,-

cirrent or future values of the finance mode index . under the assumption

.t )

Proof. By fnspection of equation (13), which defines o it is clear
that a change in any u prior to the current value will leave the equili-

brium values of 52 and té unchanged. Thué, defining current output as,

15) oL 2

island -output will be unaffected, as will aggregate output.

v Thus,. since ¢2 is unaffécted»by‘prior u's, oé will be inveriant‘to:'

L]

current u {since the ¢2 funct1on ?s the same funct1on as ¢2) To.. -

determ1ne the current output response to a change in current Uy d1fferen- .

tiate (13) with- respect to u. G1ven the above d1scuss10n the r1ght hand -

- side of;(13) is 1nvar1ant to- b S0,

3‘(\//(1)2)' g
’—“35“—2[0 ¢2' Q] =0
so that o . o . . R
3(v/oy ) By, SR - , .
2/— 2 =0 S ) L . »°

du du

and the output response to a change inu on’ e1ther 1&1and (Just rep1ace
Q

"9 by 2-9 in (13)) w111 be zero. Thus, any change 1n W which increases

, the demand shock v, w111 be met by a ﬁu11y offsett1ng increase 1n the -

price level. . . - ’

*

Thus since, . .. SN



&

85 -

- = 0 ' /
I N
. /
so that the right-hand side of (13) is invariant to change& in .'. Thus, .
clearly current‘prices and output are invariant with respect to ..'. The

current young havé no incentive to change their output despite the in-

crease in the next period inflation _tax.&};e the decrease in their tax

. . » . L
rate is proportional to the increase in the next period price level. . '

Note, that current output is f1xed S0 long as - (1+4y)/(1+y) -is un-

.changed As d1scussed above thlS i the relevant var1ab1e determining

the work 1e1sure cho1ce Thus, it is apparent that, -
- * . - ) . ) . o B
]+q ‘
puss

QET‘,Y,uﬁ y2 1+Y

from inspection'of equation (13). _
- _ %
Th%s r33u1t.is very similar to.ihe standard neutrality proposition .
with respect to perfect]y?anticipaféd chahgesAin-the money stock.  Bbth
modes of finance act as a tax to finance tne government's consumption.

A change in p,‘if'perfecily anticipated, does not change the taxes' inci-

" dence s1nce the price level responds to the 1ncrease ifn u.. For-a giVen )

Y and therefore a given level of expendlture, relat1ve to tota1 output,

there is no incentive effect of a.change'1n ‘mode on current producers.

4

Note that the aggregate effect’ of a v shock, an'unexpected butf

L \
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announced increase in government expenditure, will be ambiguous. Re- |

calling that aggregate income is,

+
1

]
2 2¥2%7 Y,
where y and y are positive functions of (1+-)/(1+,) and (1+(2-)y)/(V+)

respectively (from the eqﬁi]ibr%um:conditions), then

-

: ahd

»(LH2=50 " o
) : ']+-Y ) - ]_."A » - L .
al ,(]'*“1)2

t

If autbut rises on oﬁe iélaqd as {ncréases, the dutput deéiines on the
diher islanal \If a > 1, the 1nereaseAfn v implies thaf_the'proportional
share‘of nomfna] demand accruing té the is?and.aiso rises, creating an ,
Aincentive to substitute from curfent }éjsbfe to futbré consumption. By
the same token, 2 > 1 implies that the other,is]and': share of wealth

Al declines'wifh the increase in vy, reduttng. its equilibrium outpuf.

(b) * In this section the output respoise to a chanée in 1y will be exa-
mined under Tess than‘fu11 information, when cqrrent values of 8 and y
: are'Unkﬁqwn to current young. yAs discussed above, the equilibrium level®

of output is,

\‘ Lo s v

B e N :

so that if two equilibria are. compared, both with the same (8,y),

» - )
A

¢
+
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(16)  —— ] EX.;L,[i - id V- Y o
du Ayt ay ¢ 2 -
] 1 7

Thus, the change jn_butput in response to a change in the finance
mode index can be decomposed into two components, the d{rect effect of

.a change in u on output for a given observation. of v, and the indirect

_effect.on output of the increase in v caused by u, where, - E
‘év'_ 1+8y ' ' S : -
du ( T+y Y oo , . J , K

Note, the above discussion is with respect to a comparative’ static exer- e
cise, égents do not observe the change in v since this information, 6;:>
coupled with the observation of v itself, would allow perfect inference

of current 8 and y. Recall that the p( ) function and, therefore, the
: t . : - . . © &
@1 fusction, .are implicitly functions of the entire sgquénpe of u's the

L

government has announced. The experiment is then to compare equilibrium

values of island output for given, unknown, values of e and y as u

changes. ' ’ ' - o
. eSS
To determine the output effect of a change in Eurrent M note_thaf
the equilibrium condition under the assumption of no current information

except for v, is ' T,

(17) oLy L - B
17) i &

‘where,

Lt
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A
4\

LIy day ad -
’1 ~ S

j 2[1+UY
R ) . ‘ ' \ g ) - .

"so that m*(.) is positive. The outpuf'response to a change in'v will
L .depend both on the Qtilﬁty derived from increased ?&tufe consumption

for a given realization

is affected by the increase in v. “Thus,

1 3 i v '
N “Voaran '
(18)' ;;‘[1-f'j;7'5?J[Q ,5;'+ Q]

-

e T Tl

T Ty
. Vovaflylv) Lt vl
- . + J m(1+u\{) 3V dY ) ’ n " ‘ .o
where .’ )
o, 4
19y - . L S E?l.)L
SN T T

. -

A . /
wSincé ‘by‘aSSUmptton, Q'(x)x + Q(x) is positive, 1f the r1ght hand s1€/;

-

of (19) is. pos1t1ve “then By]/3V1S positive.-

" Since m' > 0, ignoring the effect on the pﬁBbabi1ity distribution

" of Y‘conditiona1 on v, the increase in v implies that v/ (T+uy) is greater

\‘»

.~f0r all vy 1mp]y1ng that the island rece1ves‘§ greater proport1on of
nom1na1 demand. Thus, the first integral oh the right hand side of (18)

is pos1t1xe CIf the increase in v has the effect -6f decredéing the

s

probab111ty of vy then it is possible* that the second 1ntegra1 w111 also

be positive. ’

- ‘l
4
L]

More precisely, if the cumulative density of y conditional on'vy,
* |



H )

¥ N a

defined as’, for a gﬂven Y 5 Er{y < y*|v} i's an increasing functior of v,

this w111 be suffwcwent to guarantee that dy]/av >0. The cumu]at1ve‘

)

density fua%t1on {s, - 4 e
. : . | RV E -~ . . ‘ o | .
(20 Flyely) - j “Hly] iy :

) . ) .“. . . . a4

with the assumed restriction, e
) A ) "es? * [

{: ' . : * ©
% (r*[v) = F y*[v) 20 " f)/ i ’

°

""This has the“effect of bunching the;distr?bution to lower values of y, 'ik ’
i.e. reducjng i£§ e%pected vélue, . o . g
. . . T - ’ - : ) o  -}§:
By noting that, L S e ii
< (21) - Y IV = J ‘7__IL__ R R . . K
- . el -0, q ’ o N L ¢ :
N ] - .
and 1ntegrat1ng the secoha\ﬂntegral 1n (18) by parts equation (18) !{ *
N bécomes, T Lo ' ; ' T
v 1 R - s I ] -
. . 1- 1 v v ' - .- “ SR
. (22 — {t - — =}Q" —+ o . SRS :
" 1 . . v . v
J (T;'K}J?){f YIV) T__ o —_— ’ - N ey
IRES SR 3 dy ‘ \
: (1+UY) o ot
wherefF (0]v) equa]s zero*by assumpt1on and F (ylv) s 3@:0 g1ven that '
y|v is unlty for aT] V. > Thus 1nd1v1dua1 and 1s1and output r1ses as o
the observed v 1ncreases, if; i . ':é%'a '
] .‘9-': ‘ - ’ q . ’
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Proposition 2. A sufficient cond1t1on for ‘the relevanCy of government
~
ftnance is that the right- hand side of equat1ons (22) and (24) ‘be- non-:

negatlve.‘

For example, an increase in u will increase .island output if
. , . , e .

Fv(y}v)zp and FQ(Niv)“i_ f(y.!v)y for a given v. While these conditions'

dre unnecessarily strict, they qffer an inéight as to the "informational

,.impact-ef a change in the mode of finance on production decisions.

- The firét.condition (F (yiv).> C) i$ relat1ve1y transpare&t As -
fdtscussed above, the young s work/leisure choice is based on the degree

to wn1ch the young may ?ranstrm current labour 1nto next period con-

sumption. That rate of transformatton is, -

RO e

. . Lo : s T : 8.
which is composed of current and future variables. The current variables

represent as argued above, the relative share of current demand that the

’

1sland has captured. Since there is ]ess than full 1nformat10n the yeung

must conJecture the ratJo v/(1+uy) given the observed compos1te shock v,
'A suff1c1ent cond1t1on for an increase in v to 1ncrease the congectured
rate of transformatton of current 1abour to future consumption and to
1ncrease the congectured va]ue of X = (T+ey)/(]+y) (1+py) is
F. (ylv) > 0 o S1nce F (vy]v) > O is suff1c1ent ’/ﬁreduce the expected vafue
of v g1ven v, by shtft1ng the cumulat1ve d1str1but1dn upward to the left,,

then 1t is, atso suff1c1ent to inc¢rease the expected va1ue of x. 7

t

»

P - ‘ . PR
I P ! .
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=
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v T rg S .
(23) - Wi ?QT’[Q $] + Q] . _ o , S a D
tb] . .
- () 2ty
B L ¥1v)dy \
vy af(y]v)
+ J mip) 2
Again, dutpui will rise with the increase-in 1 if the fight hand side of
(23) is positivé. Integrating the second intégral by parts yie1dé fhef,
result that, - ' '
' Y .
-y Vo g v <
¢ 1 .
Ea—) FGY) e v,
THuy B ' ' o
o ) ey IR v - fly ]
ST () _— ~
where again.FU(0|v) and FU(V§V) = Otﬁ\A\gufficient-condition for both
sides of the equality to Be positive is,
- L& ‘. " ; . . A- ’ ’ A -
FAv VL > flylvly > 0 o S ;
In genefaf,:however, _
!/~- d |
1(‘” L)

- — \
\‘ ~
oo TT— P LN
. T
) ——— I
~ j 90
~ - A
~ =~ ’f L

e

@

flylv) # FV(YJV)' o0

T+uy
4 ¥~ . . -
for-all v and u..- Co
Individual output response to a change in u, for a given v, is °,
’ \ [ ) \

found by differentiating equation (17) with respect to u,
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Proposttfon 2. A sufficient cond1t1on for the re]evanCy of\gevernment
flnance is that the right- hand side of equatlons (22).and (24)- be- non-:
negat1ve.f< ' A .

For example,'an increase in u will tncrease istand output if
EV(\}v)zp and Fg(w}v)u:_ t(\}h)) for a given v. wh?té these cohaitions'
are hnnecessarily sthict,.they offer an ineight as to the "informational

,.impact-ef a change in the mode of finance on production decisions.

- The first. conditidn (F (ij) > 0) 8 relat1ve1y transpareﬂt As -
(d1scussed above, the young s work/leisure choice 1s based on the degree'

to wh1ch the young may }ransfbrm current Tabour 1nto next per1od con-

~

sumption. That rate of transformat1on is, -
1"1+" L . :
'1 =" . L .
Z‘B ( "1 ) N'UY +Y . . ’ ,’ T . \

2

which is comﬁosed of cuhhent‘énd %Qébre variebles. _The current Variablég

'represent as argued ‘above, ‘the relative share of current demand that the
1sland has captured Since there is less’ than full 1nformat10n the yeung:
must conJectune the ratJO v/(]+uy) ‘given the observed COmpos1te shock V.

‘ A suff1c1ent condit1on for an increase in v to increase the conJectured K
rate of transformatwon of current 1abour to- future consumption-and‘to |
1ncrease the conaectured vaTue of X = (T+ey)/(1+y) v/ (1+uy) is

F (y| .o Swnce F (ylv) > 0 is suff1c1ent E/,reduce the expected vafue '

Aof Y g1ven v, by shift1ng the cumu]at1ve d1str1but1dn upward to the left,,

then 1t is, atso sufficient to ingrease the expected va1ue of X: 7



Thus, anxincrease in demand will increase butput (ayfav >0) if the

_ youog believe ‘that their sharecot_curreot’demand‘relativeftO‘the rest of
.the economy has increased.‘. : '
The second condition, that F Yivie 3 fly|v)y, is sufficient to en-
< sure that the expected va]ue of X glven v w11] ]ncrease in reSponse to
-an increase in yu given v. (the proof is 1dent1ca1 to that in Footnote 7).

- The two condltlons, therefore, imply that the young w111‘1ncrease output,

'g1ven 6 and vy, if the probab111ty d1str1but1ons of 6 and y.are such that

the 1ncrease inyu 1ncreases the1r eXpectat1on of the va]ue of X, the1r

/

island's relat1ye share of current gomxnaT ba}ances. Note that ‘this

n result depeuds also-on the aésumption that m( }' is positive or that the.

_ - index of’the'young's relative risk aversion is less than unity.

V. AGGREGATE DEMAND suocxs
If current producers have full current 1nformatlon then the-effect
ot an aggregate demand’ shock an increase in y or government expenditure,

'w111 have. an amb1guous aggregate output effect Sjnoe current producers

will 1ncrease output if x £ (1+ey)/(]+y) increases, istand output will"

rwse-on]y 1f 8'>"1 in response to an increase in ‘i Thus, in genéra%

l

',en 1ncrease 1n Y w111 1ncrease output “on one'lsland wh11e, due to the

' .symmetr1c d1str1but10n of 8, decreases output on the.other- 1sland

Th1s 15 due to the unev n d1str1but1€h of‘government demand"'lf

ﬂrn

Age < O an 1ncrease iny w11 on}y serve td decreaseﬁthe reﬂat1€g share

y P

of nominal demand the young are aMe ﬁo exchange outpurg for T
' . 5 < e ) : E " :
Ih'fact, it fs abparent tbat LT

1 )



~ .
' ;
" 93
Propos{tion 3. If 1sland output (y2) def1ned by the relevant equwllbr1um
cond1t1on, is a str1ct1y concave funct1on of x ¢ (1+ey)\(1+v), then aggre-
gate outpu@ is a decreasing functan of Y. ;_
. . ‘// . .
Proof. If Y5 is str1ct1y concave. then y2 > 0 and yg < 0 Aggregate
output is defined as, ‘ ‘p
T ]+9‘ ‘ 1+(2 ) -
Yo =5 [YZ(TJ;%) .+ yo )] E
< - . -
S0 that, .
o . i . - B-1 [y.:(1 oYy ! +(2 921
N Mo2aet TE T 2 5 s .
' AR
Sy T If-8-1> 0 then
ldey | T(Z—e)y S T \ .
- LY .‘ e - . - : -
and1f81<0 v : o o
’ ” N N - ~
1+ey 1+§2 eﬂ , .
1+y +3 ‘ . =
] A S’O that, g'lven _y2 <.l0, L. ’ . ..’ .
! - . " —ay N . ! L, E ‘.,‘- R : ' "1 l .
: 2- .o . : K o -
. :—a—?-<0 . - -‘ . " e ,l. o . ‘ L L

. This result pred1cts that an 1ncrease in governhent expehdituye,i

-

T i~‘;;7' if announced w111 reduce aggregate outputﬂ regard]ess of the’ mode. of.-' °\,
’, . ' : :
T fﬁnance By the same tpken as giverges further Frofi un1ty, on as. the
'gﬁ%’f o o government distr1butes 1ts expend1ture more- uneVen1y, aggregate output

SR decl1nes D ," » e ‘ ©

"u o Tt

TR ,
o . N . - . . !
. C . . .
. . EREN
‘ L4 . . ' . I} N R
. ' .n)‘ A . . . - ~ . . o
} /.' r . A . .
. . . .
. ‘ S R ' . .
Lo L. R , . . .
R y e R N . . .. ¢ )
. . . . . .. ., . .

“d ’ *".
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Tnis islsimj1gr to the observation that, given a;cnnVex'PhiJTips .o

v+ Curve, if'ma§é§t inflation rates djverge tvom the average réte the

average level of.unemploynent will rise. In thefaboye, since x +'x = 2,
“the average x ratio is unity, it is the dispersion that“waries with

.changeé‘in Yy and A,
Note that this result is not predicted from the assumption made_in

-

Section II. :If Y, were convex, which is not ruted out by the assump-
tions made.regarding preférenceé and.technology, tﬁe'above prediction §..

wou]d be reversed, that aggregate output wou?d 1ncrease w1th y. How-

ever y2 will be concave if the youngs' Iabour 5upp1y curve has a pos1—
l -

»

tive and decreasing s1opeu

. Note further that -this result 1s 1ndependent of the form of f1nance.
- » ’ -
_ Thus, under fu]] 4nformat1on the mode’. of ftnance is 1rre1evant for
e .l £ L] P .
K T determ1n1ng the mu}t1p11er. A~tax ftnanced versus 4 money f1nanced in-

-~

L}

" crease in government expendwture w11T be 1dent1ca1 in thelr 6utput im-

pact. ~ Thus u has no re19vance regard1nq the amp?}tude of bu51ness cycles.

. a7 in this context. . . L R - o
X -1', . \ ) ‘.I 'A I ‘ .
", - =% " When the composition of v is-0bscured From produceré then it is
o much more difficult to determine the aggregate effect of an increase 1nv
R : government expenditure? As shown above equ111br1um output when -
P current shocks are unknown, ‘ish. \ﬁg
' ¥y 2 viog(vsu) L e
| { K . . a . S .'.' . -',‘ . o : .

' . 7. so that,



-
" S 9
Y ) - _ -
8 . . , ’ _ | .
) E2 T A o : B g
Even if 3(v/¢1)/.‘3v is k"OW"‘r B S
. . N ‘
.9V . 8+p+2pye - 1+UY e .0 ‘ ‘ §
S () 7 - e L
_ : - o T . > ,/,:.ef
S0 that the xsland output effect is amblguous dependmg ony. If .7 o
V/¢1 L/av >. 0 as abeve 1f u =] then 3yl ¥y > 0 on bcth 1.s1ands If - N

= 0, and B(y-'/(ﬁ])/av > 0, the output effect will be oppos1te in s1gn on

—each asland since if e < 3 av/au <a 0 and av/ap s 0 _ This 'Iatter case . -

-

-~
- - . L)

5 '15 s1m1’lar to~ the qu mformatwn examp]e above . ve o L .

The two- mformatmnal scenamos ‘may now be exammed to deternﬁne

Lo what dlstmgmshes tax from mo’ney f’inance EAs shown above' ethbrwm L .

<.
~‘- < e, -

output’1s° mvamant to changes m u 1f the‘re is fuﬂ current mfonmatwn

regardmg the COmponents of U Thus in tms 51mp1e framework 1; is- the

Tack of information in the f“lrst scenamo wmch creates the d1st1nc»twn - ,/:# R
‘ . a " .
. between the iwe modes More spec1=ﬁcaHy, *t is the uncertamty re-. T
. &
gardmg the currerﬂ: ‘nommaT money stock which creates the dlstfnctxon‘ '

. . This. ﬁypothegi_s;.is,demonstra_.ted'by noting that, - - . - . F
-im" , %ﬂn c:i S R S ot
L.u;’.ﬂd‘] 0 2 T T T Sl

As u tends to zero suppﬁessmg the second argumefit of or and ¢2, o .» o
. . o .’.-‘-"\___‘ o E Q_' ‘ o . R s . ° -
- S : Pl ]+ o ': . Y -
op = op(e) v T
and o '; C ‘ o ". - .
( , w cn . p
v ) - » ‘A e R4
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s1ncenthe equ1l1br1um cond1twons (10 and (13) are 1dent1ca1 as p~0 and
e L ¢1 &olves (10) unrquer and ¢2 'solves (13) un1que1y, then ¢] 9, when
. ' = 0 for a given 1eve1 of (1+ey)/ (1+y)

oThos,Awhenltheinoi+na1‘money~stock is non-stochastic’,. i.e.u = 0,

- and government expend{ture'ts.financed"ﬁy taxation solely, then obscnring

the components of v has no- relevance to. equ111br1um output Th1s resu1t

° LY

. e'-'fre11es on the 1mportance of tne share of fnominal demand accrU1ng to a
‘ .

ﬂ,‘grven 1sland 1n the determxnatlon of equ1tibr1um output If the nom1na]:

e -amoney stock is constant (u 0).thenvan obgervatwon on v can be used to

ot & e ' a v . . .,
< T 1nfer perfectly v $1ncea B e
gim (v'+[0)-=.-2, Ce T T L2
u-‘)o . ) ‘ - ) . . - . 4. -

' The government S. po]xcy s1mp1y sh1fts nom1nal demand between 1s1ands by

dastr1butang 1ts expend1ture randomly S1nce thé total 1eve1 of nom1nal
-demand. is constant, 1f Vo> 1 thlS 1mp11es B > 1 and the 1s1and is re--

ceiv1ng a greater sgere of tﬁe nom1na1 money stock~ /élnce 1s]and young'.

P

W111 receive g1ven a }evel of output and taxes nextlper1od ‘a greater
share of next period's product1on in exchange for thénr oash there is an.

/
(. 1ncentive to increase current product1on

-
.

_— Lt when u > 0 and current young are, 1gnorant of current shocks, then
', an observation of v 1§ 1nsuff1c1ent to predict the 1s1and s share of
nop1nél wea]th The producers must form conJectures of V/(]+p?) based

SR ", on the known probab111ty di;trwbut1ons of Y and 6 In th1; context.then;n

e
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- ’wh1ch, reca}11ng that A -ﬁ-._ : '4§1 - , T .
§ ¥)£;2EIQ, G §1+$2 9212; igx) i, ' . : '~

' may be expressed after substxtutlng for v and v above,

possibly reduc1ng aggregate output. -

97

an 1ncrease Iﬂ ¥ may 1ncrease output on both 1s1ands whereas given full

1nformatwon output would rise on one 1slahg and fa1] on the ether, :

29,
- s,
b

—-

It is, s1mpTe to. show that an increase in u, the degree to which
government expend1tures are financed by mohey creat?%n will 1ncrease

"the var1ance of aggregate output under less than fd11 1nformat1on if

- the expected value of output is 1ncreas1ng~}n\u.

~Since, S A
] * A o “~ el

= o7y 1 . = - = - S {
Y 7 y] 2 ] ’ Y1_ ,y](u)_,fyl Y1(V)~ K ";:

. . . B R 3.
-

the bt denot1ng the other 1s]and then a60p51ng the expectations operator

>

notat1on,

el
e R

-

sinée the dfstribgfiqps.gf Jeand's aye-ideﬁgica1. Thus’,
‘.‘: - ’ . ’ ’ A : "‘b.' . . o N '

2 T ~ad e o }

“rY1 ?Ey1 2[%ﬁ¥ﬂ‘ S T

_@ f

L P ST
var Y, = E-y3 # E y y
) ?.57 1. .EEZQY i 1 | '

\a_ Thus, since tbe distributions of v- and e are 1ndependent of u and

. *
.



y‘ - 2 o A:.,' ”
- dvar Yo dy] : e dy] . dy] L, e

. 1 iy
R A i A B i i v b

1\
o

“Since, as argued abové; }2 isfjnvariant to w for all @ and y then,

_ avar Y, .
~ M Bu N » T i «
o .. LN .
. : and it 1s ctear that s1nce 2im ¢, = ¢, -that, E ' ' L,
. 1 2 A . i, ~
b . Ty : - U"O Lo - :
. ;: ) yar,Y2 Eavor j}

o .

: : , g
or tngt~aggregate output exh1b1ts more fluctuat1on as. the degree to
-which exogenous shocks to government pg]rcy are f1nanped by mOney crea—

v, - ,{. 'tv]on- L ..' ‘.‘ . ) v i ! . . . - ‘. 4 ;

e S Lo

The W parameter affects aggregate Output var1ance in two fash1ons

_:F1rst%y, 1t may 1ncrease “%he’ var1ance of 1nd1v1dua1 output by 1ncreas1ng

. tne output response far & ngen v. It a]so 1ncrea$és " for glven unknown :

~reallzatxons of e.qno Y. .Secondly, aggrggate out ut variance will depend/

B on'the covariancé’bf'ioland'output"'In the full 'nformation exomple"
‘<; : RE .eithar a Y 1ncrea§e or a divergence of 9 from un' y would 1ncrease the’
0 ,1.;f _dispers:on be tween market,outputs This negattve cbrrelat1on was: neduced
| : by -the 1ack of full 1nformation as 1t was. shown ] ¢~an 1ncrease 1n y
’:" o 'wh1ch could have the §ame qua]itative 1mpact on both 151ands -demand

". cou1d(also 1ncrease both 1slands output Thus the negatxve correlataon
u h

between asland output 15 reduced

"
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VI, OPTIMALITY:

An index of social welfare, used by Polemarchais.and Weiss (1977)
and Azariadis (W98171%n a gimtlar context::is.tﬁe'uncooditionaT ex-
pected ut111ty of Jhe representat1ve agengt. The'apprbprfateness'Ties‘

1n the fact that it is state 1ndependent and is therefore aptly suited

to a discussion of models in which the re]evant d1str1butwons are *

'assgmed to be stationary. A |
C . E ‘ S : ~
, , : ‘ o ‘

However, in the above context, when the u. sequens&ezs non- constant

Jt xsltess suttable. Nonetheless, if aqents make production dec1swons

based on fu11'iﬁtormationg the fo1low1ng must be\true;
. o R ' '

‘ \\ ‘Propositton 4. Given fo11 iﬁfofmation=regardid§"currentﬂ19,Y) any
4 € FO 1] is opt1ma1 with respect to - the uncond1t10na1 expected val- ST

ue of the representat1ve agent's utal1tx. .
SR - S |
Since output 1s~constant for*all (9,y), as u changes, the. young and

old wiTl be 1nd1fferent to the mode of f1naﬁﬁe o : .

.. N ~ If agents have 1e$s-than ?u]% information prior-to pﬁoductjon, no

Paﬁeto'imbrovement'in welfare is possible in general. Iftthejenttre "o

i sequence {ncréases'mafginaliy, the. expéctedﬁuti1ity of the rebre-:

. ;3sentat1ve agent may or may not 1ncrease, depending on the margqnal

-

. *Jf'frate of substitutaon between consumpt?on and 1eﬂsure and the effect. =~ . P
. . . - ’ pi
on-production For example, if. the 1ncrease h ‘money. f1nance increases C

output fOr all (e,y), the yoling wi]) be worse off since thexr 1e1sure -

‘.a‘

decreases.,while the old will beibetter off,-s1nce-consumption rises’

-

P




government setting

+ shock to taxes and/or money creation required to finance government ex-

" to- aggregate and island output. -
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v G1ven that Jim 3y = Tim tz‘it is genera11y true that an economy‘
() =0 .
where theré is not full current 1nformat1on can ach1eve at least the

.w1eve1 of output and welfare as an economy where there is fu]] current

Jnformat1on by .setting 5. = 0. If a'1ack of. information regarding current
government expenditure etc. reduces'welfare% it does so only if'the

current nominal money stock is currently unknown.

'A¢,_‘ Note that any pbssib]e dynamjc-incons{stency.resulting,from the-

to maximize Eu has geen ignored.

VII. CONCLUSION -

A natural rate model was examined to determine the effect of "tax
versﬁs money financed government expendjturei Qutput and price fluc-

tuations occurred because of two types of'rendom shocks;..an aggregate

’ penditure and aAdﬁStributionql shoek.to the share of ge&ernment expendi-

ture‘accruing to different markets.

The policy rule that the government adopted was to finance its ex-

penditures in such a way 0 as to Jeave the government's share of output

‘«'1n e%ther 1s1and or market constant w1th respéct to the mode of f1nance

Y

Gwven the spec1f1c po11cy structure assumed the fo11ow1ng conc1us1ons

regard1ng the.dlfference between tax and money finance were made: -

3 .

(i) If the current4money stock is known prior to production, the mode °

" of finance of current and future government expenditure is irrelevant

[y




. A 0
f ?

y .
({i)‘ It is the uncerta1nty régarding the current money stock which dis-
t1ngu1shes tax and money finance. Tax f1nanc1ng (u = 0) does. not obscure
the return to current product1on and thus the current young, by observ1ng
v have suff1c1ent 1nTormat1on to predact prices and quantities on both

' 1s]ands " There is no s1gna1 extract1on problem under fu]] tax f1nance,

no re1evant 1nformat1on is obscured by a lack of 1nformat1on regard1ng

the. composition of v when u = 0.

e

(iii) If'. > 0 and thechVernment'does not announce (A,v} then;the
‘ current relative share of nomina]idemand to eacn island must be conjec-

',tured.; It is this need to form a conjecture of ¥ which distfnguishes

. e
-

tax and money finance.

(iv) 'If individual island output is-a concave function of the share of
. ) -« : C’; . - - T L.

qurrent- nominal demand accruing to that island, then aggregate output-

falls as government expenditure iricreases if current producers are cog—

nizant of the 1eve1 of government expendxture : ' ’ .

[

If current produ&ers are unaware of current Y the 1s]and and aggre-
gate effect of an increase’ in v is amb1guous, depend1ng on the mode of

f1nance.

(v)f If current shocks areé currentiygknown, the.hode of finance is irre-
levant w1th respect to the social welfare 1ndex, the ,expected utility-
of the representat1ve -agent’ ‘ If current (v, 9) are unknown pr1or to pro-
ductxon the government may a1ways ach1eve the soc1a1 welfare level of

the full information scenario by setting p* =

, by f1nanc1ng government

*

expenditure solely by, taxes.

“a



(vi) It is apparent that the mode of flnance of a permanent shock to

*»

government eXpendlture 1s irrelevant with respect to equ111br1um output

Y

and welfare (€.9., scenario (ii) with y non-random). In this conte;t,4»

the mode of finance is pniy'relevant with respect to transitory shocks
to ‘government expenditure, and'on]y whenothpse shocks are -obscured from
current producers.

Thus, in conc1u51on, attempt1ng to d1st1ngu1sh between tax and

money finance with respect to such issues as: opt1ma1 rules, opt1mal

f1nance of temporary and/or permanent. expend1tures and the determ1nat10n

of the natura] rate is only possible 1n the context of the 1nf0rmat1onat

advantage'pf tax f1nance in the above context. As shown above, under
. less than full information;Aeven pq1tcieé nhtch might-otherwise be. irre-
Tevant (i.e., a ehange tn the moJe of finance wtth.tpli information) -
ni]]'be re]epant tn determining the natural iatei edui]ipripm output

and the output response to stochastic government shocks.

T
Finally, it should again be stressed that the results of.the

r

mode] discussed above are épecific to the -model itself and to the
Abpolicy rnie chosen. Therefore, the. equivalence between money and tax

. . N . . ) ":Q‘ . - . , . .
.finance, in the full information scenario'ishould be “interpreted not

as a genera] propos1t1on but as a benchmark for compar1son with models '

better suited to the exam1nat1on of the 1nformat1ona1 1mpact of gov-

ernment fqnance
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-is scope for a market for that 1nf0rmat1on to develop, the va]ue of

=

The second aﬁgument of ¢1 has been suppressed.

'Fdrther, as noted in Section.III(i) it is necessary to restrict thé_

>

e

FOOTNOTES . - : .
One could generate this result Exp]icit]y_by assuming that proérea¥
tion is a linear function of nominal weé]fht " .

An important assumption in what follows is that -the old do not, or

cannot, inform the young of théir‘tax burden since given the. value

v

-of.r, the value of y éan be iﬂferred with certainty. This in turn.

wou]d enab]e the young to decompose v. It may be'argued that- there

Y that the old observe be1ng so]d to the young. However,.1t»1auplau;
sible that such a market wou]d fail since, given pe}fect competition
among the old, théré would be an iﬁéén;ive to 'brqduct differehtiaté'.
with respect to that information.. The young could not énforce the
veracity of the ipformation bought and so wodld'have‘no incentive to
Buy. The phrpose of.this assumption is to allow the invésfigat{on

o% the effect of a conventiqnaj signalAgxtractioﬁ ﬁroblem on the dﬁs:'

tinction between tax and money finarice of -government expenditure.’

The second argument of 9, has been suppressed. : <)

. - Note that Fv(y;Q|9)>0 will only be trueffor v>1" since, F(y=0]v=1)=1 N

.
$

and F(y=0|v>1)=0. This proviso is avoided.if f(y=0) islassumed to

be zero.

distribdtions/of y and 8 so as to guarantee that ¢4 is monotonic in -

%

’v,'toimaintdin informational equivalence between the price function

and v.

It will be assumed that,

103 - o o
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‘. vh L . 0
0< f'(YIV)+FV(Y|V\) Tor ¢ 1 o ~

for"aH v and y which guar_*antees that »

0 <V (; z)-‘% 1
- 50 that an increase .in v v‘iﬂ cause both output and price to rise.
The pkodf is similar to'-that given by Lucas (1972) .fOYf Theorem 4
e énd '1's'.1eft tof;the.ree‘ader. ‘

7.0 Since . amad

ok v R v o
V] = [ vy | g f e -
*whic_h equja]s, integr‘ating't'he second integ'ra]hby parts,

’

FP

R v s R e

which is greater than zero if FV(YIV) > 0. T,huAs Fv(ylv) éO'imph‘es

- 'that'the expeéted value of v/(1+uy)’ rises.

v . »
Y . : L. . .
PR L]
. . . : . :
- . . * v " ) -
-
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APPENDIX o

The proof of Theorem 1 is similar to that used by Licas (1972).
It is sufficient to show that (10) is a contraction mapping to prove
a

that the sequence of functions it def1nes has a 11m1t1ng fixed po1q}

so]ut1on

-

Define the inverse of Q( )y as G (x). Giveh the assumed propertieé‘

of Q and the definition of an’ 1nverse funct1on it can be shown. that

since, - ’ N ,
— :
G]( ) >0 for, x>0 .
? "
and = .
Mim G](x) = 0 1; :
x~0 .
then
Gi(x)x,'
(A ]) 0 < W < 1 .
Define GZ(X) = u'(x)x, then Gz(x) >.0 for all x > 0 and ' o
Gy (x)x ‘ ; N
(A.2) 0 ¢ g —<1-ac<] - .
. : 2 .
which follows from the assumed elasticity of u'. - e

Equation (10) may now be expreséed in terms of~G] and G2 and

so that,




.V@‘ - ! ey ‘-'\ iy N y
F(v') S
: : B O R R
o irer v 5 (g y")qor i .
(A3) 50y = | Gl ‘ﬁ;%.—y]fctf,v fly )by vy

Since j(.) is a monoton1c funét)on it is Suff1c1ent to show that there

exists a un1qyg,J( ) funct1on wh1ch satisfies A 3 tg prove Theorem 1.
.. Leg Sdenote the $pace of-bounded, centinuous-funttiers on f-w,»), -

ki

" normed bj: LT _ p f{_f . o
- ‘ : - . ‘o e o 4 )
COTIEI = s pE] LT o

‘ - —V" . :
) & . . . . a2

Define the'operator‘T on S by -
. 4-" .' . & ) .
N f(v-') : . L
(A.g) |, TfF= J G [G1 (e i ) 'Hvuy ] HY ]fdy s Y[v dy dv' dy

wh1ch implies that, -in terms of T, A3 becomes,

n j ='T ih'j : . T

It is sufficieht to show tﬁat T is a contraétion‘mapping sdch that,
T f - T gl 5»(1-ak{}f—g | ,a<l

ta prove that the sequence_of"f ctions that the mapping defines has a

unique solution
o= T g
‘by, the Banach fixed point theorem.

. To show that T_is a contraction mapping note that,
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. ) T,
N , R .
_ A : 107
‘.‘. I ®
. * (A.5) [|Tf.- Tg|| = sup.|en J wly,v,y',v')
. . . , V' - ' ‘, »
f(v') .
G, (e ) °
; - 1 R AT AR P A
. GZIT v dHpy T4y ,JdY dv'dy |
, I l,, L | ", G [G](eg(v ! v_ 1wy |
ot V' THuy, THy
since é(.) is defined by,: :
: oy =l 6 G](eg,(.')) v 14 Y']f( - ,)d ';i ld‘]—]
wwlysv,y',v') =' 25 :€§ T Ty T4y Y,V y|v)dy'dv'dy ‘
2 [Gi(eg(i).) L Iy vy v)]
o R v' Ty T4y ° YoV vlv
5 VAR
.19;.. . 'wheré'w(.) > 0 and J w(,)dy'dv'dy = 1.
B a f .
;. Since, B ,
J f(x)é(x)dx < J [sup'f(x)]g(i)dx
.o T X .
A} . ,
= sup f(x) f g(x)dx-
X ’ .
thenit ‘follows that; _
’ A f(vt) ] .
G, (e ) .
. ” , ‘l V ]+}J Y'
[|7f - Tg|1 < sup [an G,[ e Piprol o
_ y'v'y Y wy )
C , g (eg(V')). -
s o ] v T4p v
. ' - Q,n:Gz[ v - ..I+U'Y'_—TE4_+Y ]I
& - , o
Since, by the mean value theorem, ' ,

£(b)-f(a) = £'(c)(b-a) » c ¢ [a.b]

\ - e

and,



108
' be ) o
. G, (e®) L ) L C
_ N v Tt yd ' .
. - BGZL ,v“ T+uy 1+YT*]/8X /, ' : ’ '
. . o - | B
\ G G- V ]""U Ys . . '

[ ][G v (1+u*7' TH

-f’_ (]"a)
3 ) : ,
where the inequality fol]owsgfrom.the assumption regarding the elasti-
- cities of the G, and G, function. )
. ‘v
) . t - . . . - } e
0 Thus from the definition of the |].1] operator, ) ~ S

.
* s [ . : ¥

[17F - Tgl|.< (1-a) |1f-gl] ~

~ and the T mapping is a contraction mapping.

Since T 1s Y contract1on ma¢p1ng there exists a unique continuous

’ *
funct1on f* such ‘that f* = Tf*, Lett1ng J ( = ef CV), it is clear that

Jj* is that funct1on Thus m¢](v) is the price funct1on which satisfies

!

*Theorem ] - ‘ »




; ESSAY 8
TRANSACTIONS TECHNOLOGIES AND THE TIME CONSISTENCY ' °
OF OPTIMAL MONETARY AND FISCAL POLICY

I. INTRODUCTION

“One of the first authbr§ te forma1i§e and define time 1neonsistency
was Strotz (1955) who noted fhat uniess the utility function ef the
‘consumer exhibits,centain.chenacteristics (the discount féctor equal )‘
e;dt) a sequence of %Vents,‘wh?ch would seem optimai at the present.

would, upon re-evaluation-in the future, né_longen be optimalf

R V
" This concept was extended to consider the appropr1ateness of optimal

contro] theory to deal with many macro econom1c issues by Kyd)and and*
Prescott (1977). It is -argued that a government when deciding on an

optimal path or sequence of poIicﬁes subject.to market c1earing’cbn-

stra1nts is further constra1ned by the pOSS}b131ty that announced future

policies at t =1 (71 > O) will affect the optimal value of current po]1cy '

at t = 0. -Thus, the value of policy at T w111 0pt1ma1]y take Tnto account - -

its effect on.the government's objective function at t < 1 when announced

.at t = 0.

o

However'-&t-t =1, if the government is free to re- evaTuate and

" replan the opt1ma1 path of po11cy 1nto the future‘ 1t rs the case that’
since events between t 0and t = T,have already occurred end.are fixed,
the'rejevalnation of policy for date t may not be the seme.‘ If it is

. not, therptimal.plan att =0 ie called time inconsis;ent.

<

109" Q
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o '
This type of analysis is often couched «in game theoretic terms-where\;év
) e - - .
. _' the govgrnment'acts as a Stackelberg leader, taking into account the
. : reaction functions of the private sector when setting itg optimum
palicy.- "Announced policy in the next period must take into'accopnt the -

».

reaction of the pfivate sector .today as well aé'in the future whéniifs .
optimum is derived. waever, when tﬁe future date.occurs and';ei
e : evaiuation takes place, on?&%the reaction of the prjvate séa¢ar“ap'that
| 'date'must be considered. Thus, thé optima]-va]ue of:policy may not be

. the same.

. ' : The’issue of time inconsistency of.optimal policy is especiallyA .
relevant with respect to rationai expectations models (including those -
- assuming perfect foresigﬁ%). Frém.a practical or methodological pointv
of view, there mdy be a Jogical inconsistency in éssumingvthat aéentﬁ
are 'rationé1} fo derive their reaction functions and the concomitant
optimal policy aﬁd then arguihg-that oﬁt%mé] policies are ;ime inconsis-
tent witnout examining why agentsnwere not able to include thisgbossiQ./
bility in their rational expéctétions; Thus, optimal policies, derived
from a hode] in which” agents Bo not in- some fashion take 1nto'accoun£
the possibility of poficy re-evaluation at sdme létef date, which are

time inconsistent.are inconsistent with rational expectatiéns unless the

“*, \

- ggyernment is commit;?d to the optimal path.

“In fact, this notion of rationality provides a convenient benchmark
with-which.tolcompare‘the relevant literature. It may be divided into

two groups, those which consider the issue expiicitTy in game theoretic

L] - v . . “
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terms and those which do not’.- Exp11c1t game theory modelling 1mp11es

that the government take 1H%o-account that future governments may ﬁénege
and set current policy appropr1ate1y or that the pr1vate sector take’

1nto account that &bvernmént may renege.

A3

_:chor'exampie, Go]dman (ﬁ980)‘exp1ores the Strotz—ﬁo11ak notion of ‘a
-Nash equilibrtum in which 1t i% shown that a strdtegy exists such that
if the current agent be11eves future agents w111 use 1t, it will be
optimal- for the current agent to aIso adopt it. Rotemberg (1983) adopts Tw
| this -notion in a monetary model in which prices are cost]y to adjust.
: eG1ven exogenous and. nandom demand/velocﬁty shocks it is shown that a
Strotz- Pol]ak strategy ex1sts and may be opt1mum depend1ng on the govern-
<hént S obgect1ve funct1on On the other hand, an opt1ma1 rule w1thout
a 1eg1s]ated comm1tment w111 not be cons1stent '
Thus, in this.context, when'successive governments p]ay a Nash _
@ ¢

game between each other it can be demonstrated that consistent and
3 -

equilibrium strategies exist. This is dTSt]nCt from a rule wh1ch may or

b
-

.

‘may not be cons1stent

L
°
1

. On the other hand the relationship between consumers and.govern4
ment may be explored as Barro and ‘Bordon. (1983) and Barro (1983) have-
done. Barro- notes that inflation policy will be less eff1c1ent under
discnet1onary polxcy since at each period in time 1nf1ationary expecta-
tiong, based onfpast{information, ni1j be exogenods to the.goeernment.

‘However, if.the government adopts an optimal rule it may 'internalize'
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‘ghe'fnflatéonarx expectations impact of its behavicur. Barro and Gordon
takelthis~notion one.step further by considering the incentives that
. 90vernment then has to chgat on rules. They argue that if consumers
f. . - °

. ' L pun1sh‘ goxennment w1th h1gher 1nf1at1onary expectat1ons in the futuﬁ&\\‘\

there w111 exist a best enﬁorceab]e rule for wh1ch cheating costs equal

"""‘"‘""'W-.

‘ the ga1ns from cheat1ng Th1s rule w111 imply a 1ower social welfare .
$~than the second best ru]e in which cheatlng cannot be prevented, The

o
Paal

first best is ;he'same rule when the governmentvig allowed to.cheat with-

>

out punishment. < -o: o

s o

te In the second drea of research, optwma] policies are exp]ored ina -

e N @
18

context in which househq]ds and government are naitydy they do not con-
“sider the poss1b111ty of the government reneging on its plan. Econom1es

3

are descr1bed }n wh1ch the 1ssue of time consistency may or may not be

re]evant.]

Lalvo (1978356rgues ohet, in‘avper?eét_foresfght context, attempts
by the government to maximize social we1fare by adjosting taxanotes will
1ea§_£o an inéon;is;ent opt{mél policy. If the optimal po1icy does not

- o '%;jump to a steaqyfoiate but -approaches it asymptotica11y, there will be .
Tan inoéngiwe‘for théﬁgoVernment, at a.fuiure date, to jump back to the .

initial period's.optimal values of relevant economic variables.

o . b

-

Calvo argues that this is endemic to rational expectatgons models
. hd . b ] -

Which constrain the goverhnent~to continuous paths of policy variables

" wheh announcing their fufure paths. -However, in the sfuture that con- .

straint is"no longer binding on the price level etc., which, unless the
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economy is optimally at a steady state, will imply that a discontinuous

Jjump will be optimal.

Heuristically, the government has the opportunity ¢o use a jump in -
the price'1e9e1 as a non—distortidnary tax on nominal gbvernment debt

only if it is unanticipated. The government will promise a smooth pr{cé

. path in the future but currently will Cause a jump in the price level

for revenue purposes. , Unless the system jumps immediateﬂy to a steady

state, in the future it wi]ﬁlagain be optimal to use the same mechanism

to generate revenue.

B

Tufnévsky and Brock-(1980) (T-B), extending Calwvo's results by con-
sidering bond %ihance and govefhment pfqduction of a public good;:find_
that if the government maxinﬁzes;with respect to any or all of its fiscal
instruments taking ifs>mdneta€y‘instruments'as.given, the bptihal policy

will be time inconsistent.
i4

Lucas and Stokey (1983) re—examiné f-B(s results in a discreteipime
mode where the demand ;of money _is generated frqﬁ a c9sh-in-advance con-
straint. They argue that éhe source of time in;onsfstency in Calvo's
problem is due to the‘fact that Abmihé1.bdﬁds qo nSt'represent a real
commitment. “Thus, the government has,én incéntive to usg an inflation
tax (unannounced) as a non«distortionary tax. (Any attempt to optimally

set tax rates will be time inconsistent. ) o ;
¥ ’ ’

Lucas, and Stokey note that when the optimal plan, formulated by the

.

myopic government, without consideration that its future incarnation may
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or may not renege, is consistent, the "time-consistent optimal palicy

corresponds to a set of subgame perfect Nash equilibrium strategies”

(p. 64)2.- In other words, thé time consistent plan formulated by the
myopic government is equivé]ent to an equilibrium strategy which would

be derived from a game played by the current govérnmeﬁt wifh the future
government. -Thus while their and others' research does not explicttly.
deal with the 1nteract106'between Sgccessive ‘governments, it does iden-

tify policies which would result from-such a mode]l .

This“papef will focus-on a determinfstic, continuous time mode]
similar to that examined by T-B. However, their conclusions will be re-
éxamined under the assumption that liquidity préference is generated by
aﬁ exogenous frgnsactions technology as opposed to assuming that real
balances bear'a utility yield. The primary experiment will be to. exa-
mine the time consistency of optimal policy in an ecdnomy in which the
households inéuf real transactions costs which may be~m1tigated through .
the'use of sfocké of real bonds and re&])ba]ancés.' This assumption.is
1QenticaJ to that used by Fried and Howitt (1983) in which the effect of
such a transactions technology with respect to the resppnsiyeness of g

real rates of interest to changes in inflation is examined.

It will be assumed tha% household expenditures on goods and services
include that to finance consumption and transactions services. - These

transactions costs increase with total expenditures but may be reduced

>

by the addition of real bonds and/or batances to the household's stocks.

In what follows, the time consistency of optimal policy, in such an

[ .
N

’
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econbmy, is found to depend on the liquidity of bonds. In othef words,
if the transqction§ technology is such that bbnds~bear a liquidity yield,
. no optimal policy is'gime coﬁsistent. However, if bonds do not bear a
 Tiquidity yield and do not reduce the ‘real cost of transacting, any

~optimal policy is time consistent if and only if the policy instruments

include the rate of nominal monetary expansion.

. These results are then compared with an economy in which the tran-
sactions costs incurred by the household do not represent a real re-

source drain to the individual (a cash-in-advance constraint).

1

It is demonstrated that in such an economy, optimal-policy will
always be time consistent unless the only instrument is government public
good expenditures. Further, the results are qﬁa]itative]y unchanged if

‘bonds are illiquid.

Finally, it is shown_that restrictions to 'balance the budget' or
to restrict the sizesof the deficit will, contrary to public perception,,

increase the time inconsistency of optimal policy.

t

Section I introduces the household's.decision problem. Sectién II1
defines a perfect foresﬁght equilibrium. Sections IV and V examine t}me
cohéistency of optimal policies. Section VI introduces an alternate

transactions cost technology which is solely pecuniary and Section VII

examines the effect on time consistency of a legislated budget deficit.

°o
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IT.  THE HOUSEHOLD : i

The economy consists of only two agents, a representative, iafinitely
~ lived, household and the government. In this section the decision problem
. : ¢
of the former will be discussed.

The household acts, at each point in time, to maximize its lifetime
utility, a function of consumption {c), leisure (f) and the government's

public good production (g),3‘

T
-

(1) J ™St (e, f,q)dt
e

.

where § is the rate of time preference' suchthat 0 < §. The household's

instantaneous utility function u(.) is assumed twice differentiable and

concave in all of its arquments. -
@

The household faces two constraints at each point in-time. The
first states that its réte of asset accumulation must equal the diffe-

rence between incqme and expenditures,
v

(2) @4 b= (15O[(1-F)+ib] - 1(m#b) -ox

where m and b are the household's holdings of real balances and bonds
respectively, m is the rate of price inflation, 1 is the 1n1efest and
lTabour income tax rate, i is the nominal rate of interest on government

- bonds and x is the household's level of expenditures.

- It is assumed that household 1abour income/production is a linear

function of leisure such that labour income equals (1-f). The economy
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is assumed not to accumulate capital, the reason for which will become

. obvious in.later sections.

The second constraint which the household must satisfy at each mbment A
in time is that the level of expenditures equals the sum of consumption
goods and transactions costs sincurred. As Fried and Howitt (1983) assume,

such tranSactions costs are*increasing in the level of expenditures,

and ‘depend on the 1eye] of real balances and bonds held. Thus,

(3)  x=¢™+ h(x;m,b)
s0 that, ) ‘
) ’ \ _
_ ' e
(4) ¢ = x - h{xm,b) B
= 2{x,m,b) _ : i

[
whére h(.)'is a transactions cost function which mimics the pecuniary ﬁ

costs associated with transacting.
’ 4
o §

It is assumed (as do Fried and Howitt) that &( ) is twice continuously
differentiable and, . Sy

\

me’lbx Z‘O

It is assumed that an increase in expenditures ingreases’ transactions
‘costs by a lesser amount so'that.!tx > 0 and awhighef level of -consump-
L] ' ’ .

‘tion may be financed. The latter tw0aassumpfions above imply that the
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~ marginal liquidity yields of real balances and bonds are increasing as

the Tevel of expenditures increases.

It will be aséumed that the liquidity yields of }éa1.ba1ances and
bonds”%fa increasing at a diminishing rate, reach a maximum and then. de-
crease at%an increasing rate. For-example, for a given level of x and”

b, 1néreaéing real balances will increase the level of consumptioh as

- the household economizes on transactions costs. However, as fea]Aba1ances
increase, a point will be reachgd at which zm‘= 0 and an extra unit of
}eal Ba]ances wi]f reduce»consumption’and.increase transactions costs.

A specific example 6% a function which satisfies these properties is

given by Fried and Howitt.

Finally, the household is constrained by the following initial con-

ditions, that,

(5)  b(0) =840)/P(0)

(6) - m(0) = M(0)/P(0)

where b(0) and m(O) are thJ‘

held by the household. )

. Thus, the household maximizes (1) given the constraints above and
the perfectly foreseen values of g, P (the initial price level), m; 1

cand i, Lifetime utility is maximized when the current valued Hamiltonian

¢
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(75~ H o= e"Stu(c,f,g)
+ Bg'St[c—Q(x,m,b)] ’
+ oo S (1) [(1-F)+ibTen(meb)-x]

is maximized with respect to m, b, ¢, f and x. The Euler equations forl

an -optimum areé(after substituting out 8 and’c),

8) U -

6]
= O
c &
(9). Ug-a(l-t) =0 - “
¢ _ ~N
(10) 7o - om = -atda _ y
vx . M
2 ) '
(11) a(R— ~r+{1-1)i)} = ~a*éa
x -3
r//.. i
and the'transveféa1ity-conditions, . —
(12)  Timame v =0, 1imabe™®t = 0
\ t"’m‘ ‘tm .

which state that .the current value of planned holdings of real balances '

. and real bonds. at t as t » o must equal zero.

Note, in this derivation of a money demand based on the pecuniary
1iquidity services that real assets yield, the nominal, after téx, rate
of intérest will depend on the difference bétween the }1quid1ty yie]ds',

on real balances and real bonds. This 1s.demonstraied by combining

%
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_ equations (10 and (11),

i(1-1) = m_b
‘ . . ' L ? i
so that only if the maro1na1 11qu1d1ty services of money ﬁre greater than;

that -of ;bonds w111 the nom1na1 after tax y1e1d on bonds bé positive, .

compensat1ng‘hOUSethds~for holding* them.

R C e .
II1T. PERFECT FORESIGHT EQUILTBRIUM (P.F.E.)

’
1l
o~

EquiTibrium in the output markét is satisfied when 6utput 5ubp1y ‘

L . - M L. 1

equals expenditures. Thus, when

R

(13) . (1-f) = X‘+'g | ' ﬂ N
supply equals demand.” By Walras's law, if the poney and the goods market.
.are in‘eqﬁi]jbrium‘sé Wi}Y‘the.bona market. Td-c}oée the ﬁbde1, there~j" - .
- fore, the equi]%briumAcoﬁditioésiA_the{honey markef is that, » .. |

(14) . -m= (u(t)-n)m :
. A . -
where y.is defined as, - "5_l.' o ' . o T
= MM o '
an instrumenf of thé government, - - L . Q i
. . -‘ o, " . ' . .
The government $ budget constra1nt i's f0und by comb1n1ng equat1ons
(2) and (13), yTe1d1ng, S, R f& [ S '

(15): w4 b= gr(lor)ib - nlmeb) = 1(3-6). o T

!
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As discussed above on]y‘perfect~foresight equilibria widl be exa-

~

‘mined. A perfect fores1ght equ111br1um w111 be-a sequence of X; f, c,

[

m, b, a, 1<and‘nﬂwh1ch sat1sfy-e@uat1ons (2), ¢4);-(8) - (11) (139 andﬁg Co-
o s H E’

(]4 at each po1ht in. time and (T2) the, transversaﬂ1ty cond1t1on g1ven

\ L \)

- a pre- announced tlme path of T and Uy as we]] as thé 1n1t1a1 bdnd/

Meney rat1o As dascussed by Sargent and Wallace (]973) and Ca]vo (1978)

a perfect ﬁores1ght ‘path of .prices is constrained to. be continuous except~ "

"f at the 1n1t1a1 date t=0. Future dlscontunu1t1es are precluded asdrat1ona1

A

N = : - T .oes
t= 0. . . .. . U Rt
- N .- . L x “ . ‘ A

. agents would attempt to exploit resu1tant prof1ts pr1or to the drscon-

t1nu1ty, the1r acttons would then tend to smooth the price path How-

.ever, there 15 no consiraint on the. 1n1t1a1.pr1ce ]eve1, and it will 1n

genera] Jump to that 1eve] necessary to adJust m(0) and b(0) to. thear """

/}'

market clear1ng values Thus, Tn qenera] ‘there w1TT be a drscont1nuous .

Jump in. the real values of the househo]d S state var1ab1es m and.b at

.. - N y\t.
.o . g “ A

. opTIMAt,eoLrtY I A A

o - Y -
. _’!_ . o .

It w111 be assumed that the government seeks to max1m1ze social

‘ weTfare wh1ch is equ1va1ent to the we]fare of the representatlve house-

rt

,.~:ho1d As def1ned above, the . FE. must sat1sfy equat1ons (2), (4)

(8)-(11) (13) and (14) at each po1nt in tipe, élght equations in m g,

l
c Xy b o, 1y , g, T-@nd s eﬂeven var1ab1e&. Ihus the government

has at. most three 1nstruments wh11e the 1n1t1a1 price level P adJusts

to sattsfy,fhe transversa]lty condﬂt1ons.5 ) ~ f‘

t - - ~a . ‘ v
* e K . J. ] . ’ .
ld ‘ .

- With respect to the‘economy.deScrihed:abonef°thé.government}s R

-

i '\ >
B " PR " .
1 . . - Cot [ St

.,} ) '.'




~decision problem is to-maximize

‘sybject to, . " .

S 1)
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. '."y!)_' i - .
I e 6tu(2(x,m,b),T—g—x,g)dt
S :

(]6) uch"a = 0\ ) -'_‘:.n ) ‘ ' .

(17) " ugs(1y) = 0

T a(ns)z = 0
» S
(19) = m{u<n)e /
: - . ' | 7z Y :
(20). b - (1-T)gg+§) + b(s o E;) - um - X
(215 a =z

i
L

where ¢, f and i have been eliminated from the problem.through the yse

of equations (14), (13) and (11) respectively. c
It is -important for an understanding of the subsequent énélysﬁs to

consider- the optimization problem of the,government in more detail.

~

The problem fac1ng thexgovernment is, at t = 0, to announce a time - .

path of .its three 1ndependent 1nstruments s0 as to maximize soc1a1 we]—

" fare SubJect to the market c1ear1ng constra1nts G1ven the tige paths

6f u, v and g and the initial nom1nal stocks of money and bonds, the

time paths of a]] the other var1abTes w111 be determ1ned

. ” !

CIt s 1mportant to note that at t-=0 the government has one other,

, 1nstrument tﬂat may not be ava11ab3e at- t > O namely the bond to

g ol - . : .o 7'.
L ' ; . :

VR
'
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money ratio. Unlike thé household, M(0) and B(0) are not assumed,given‘
" to the govefnment. It is assumed that at t = O the government may avail
itself of oﬁen market operations, swapping bonds for money, so as to set
théﬂbond to money ratio at wiT]._ Thus, given the initial bond to money

‘ratio that theé government chooses and the time path of its instruments - .
it anhpﬁnces,{ihe:price Tevel and interest rafe will adjust-so as to

clear the goods and- assets markets.

Thus, with raspeci to the government's optjma] control problem, the
initial reaf va]ﬁe of ﬁoney and bon&s, m(O)'and b(0), are 'free' variqb]es.6
By changing thé bpndmto money ratio and the time paths of its instru- '
ments m({0) an& b(0) may discontinuous]yvset to their oétima] levels. In
the standard optimal control problem discussed below, discgntinuous
jumps in the state variables {those variables whose time paths are>
gpverﬁed‘by equaéions of mbtion) are ruled out since their behaviour isn
ruled by the relevant differentia{ eduation. 'For example, a Jump iﬁ
the‘géntro1s will only cause a jump in the state's rate of change, not .
in its level. . ' | -

' Theigove}nmenf*s'confrol problem may be modified to include jumps -
in its state variab1es‘(see Kamien and Schwartz, Seétion 18) however, -as".
“argued below, sucﬁ modifiéations are irrelevant to the érobiem the

government faces. .

Note that the Qovefnment is assumed to be as:myopic as the private -

sector in'that it does not consider future re-evaluation. However, as

Will be discusséd in Sectign VIII below, it can be shown that if the

»
»



optimal policy is time consistent then it is equivalent to a sUBgame

perfect Nash equilibrium.’
The Hamiltonign for the above‘optimal cqnfrol problem is,

e tu(e(x,mb),1%9-x,9) | -

+ vze"ﬁﬁ[u ~a(1-1)]

v t Fne ~ S - o :
) +-v3 [—;~ahﬁ5hi] - B A L , "

.

+ q1e'5t[rh(u-n>]

. which when maximized with respect to x, m, b g, r, Uy a, z and w y1e1d

the fo]low1ng necessary conditions for a max1mum,

‘e

(22) uky - uf+v][2xxuc +u A" - ucflx]

CC X
C T AN A A S
' ' mx X Xxm
£ vplugedy - uff] * "3( . Jo
. ) - - X . . o
: -2 : ‘
. + qz[-;—b‘(_b%(xze .xx%b)] =0

X

Ay
.




(23)* Uty * v [zxmac ngmUCC]

thlx xim

2 nige V3l 7 * 4l

. le

Y] '3 , .
b .
- q2[u+{ __PII‘._..’S?__X'_".__) } = _q1 +. Gq]

L
X

-9

o

(24) gcz + v][l b c ‘1 fu cc]'+ Vohyu

-zmblknlxb m

+ Y3("——*77~“—74’f Q8- > - z;-

A
X

~

(25) g Uf‘"Vl tUC‘g Cf]l Z[qu—uff]
""' -+ qz(]"T) =0
(26) _,v2-92(9+x) =0

Y.

(27) qm - Gym = 0

fc

bb™x
2

(28)  -vyvp(1-7)-vg(ms) g, S% -33+50,

b

(29)  vy-9p g+ a3 =0

(30)  -aym - avg # 0

The optimal policy must also satisfﬁ thg gove?nment'é

conditions, similar to those faced by the
(31a) .1lim gyme Ot L g

toeo O ’
(31b)  Tim q,be™t = 0

R

2
X

housého]d,

L. 2 'Qxbgb)

-5

J2 -q, + 80,
v
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‘implies that at an optimum the marginal valuation of an m or b increment

! 126

st

"_ (31c) . Tim q3ae~ =0

{0

:tHat the" marginal vafug of m, b and o at the ‘1imit be zero.

~e

[+2

‘l.As in thé‘sfétic nonlinear programming problem, the costate variables
qys q2; and Q3 have the‘intefpretatjén of bein@ the marg{nal.valuation'
of the .constraints they are associated’@i;h. ancé, in thé dyramic con-
text aBove, the constraints are equa to.ﬁ, b and o respectively, the
costates measure the marginal value o% én inc}emeht'to m, b and n res-

pectively (note that a was the costate associéﬁgq/with the asset accumu-

latjon problem of the household).

This interpretation\df the costates variables leads to a final opti-

mal condition. Since the government is unconstrained with respect to

‘the initial values of m(0) and b(0); im other words, the government may

vary the -bond to money ratio and the initial price level through 'open .
market operafions' so that they jump to their optimal values, then this _

e

at the initial period must be,

e I

Thus; since the costates measure the.optimal value of a free variable,

the optimal plan will be to set them equal to zero (see Kamien and

.Schwartz'(]981), Chapter 11.4).

As discussed in the first sectién of this pager, a -taxonomy of

constraints will be imposed on the government and the resultant optimal
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plan wii] be examined for consistgncy. Thelabove transversality condi-
tion 4nd equations {13) - (25)7represent the necessary condifions for an
optimum if.the government is unconstrained. The constraints which will
" be considered wii] be an impositioh of exogeneity onione or two of the
three ins;ruments, g, T and u, and consideration of a legislated con-
straint regardjng the sigeiof tﬁz deficit.
! .

With regards to comsistency, Calvo's (19}8) criterion will be
adopted (used by T-B and Buiter I1983] among others). As described,
the optimat P.F.E. will be derived by solving the government's optimal
" control probtem. This will imply é path for the relevant variables
through time. As'Ca1Qo has noted, however, unless that optimal plan
sets the shadow price or costates of the free variables undgr gove;nment
control équa] to zero fér alt t, an fnconsisténcy will result. For
example, consider an optimal plan derived from the qbove problems. If
that plan implies that q1(t) and/or qz(t) are not equal to zero at

.
“

t], t] >t =0, then at t,, if the government is free to re-evaluate its

1°
plan, it will optimé]ly cause a discontinuou; jump in m and/or b at t,
until theiroshfdow prices are again zero; that isf q]\=‘q2’= 0. This

Ais simply a consequence of the Pontryagin.Maximum Principle and the fact
that the system is aufonomous. The methodology for testing whether or
not the optimal plan is inconsistent is to derive the necessary.condi-
tions for the optimal plan, impose cbnsistencx on those conditions by
settfng 9 = q, = 0 for all t, anq examining'the opt{mai solutipnfto
determine whether an optimal path s£111 exists which will satisfy the

pecessary conditions and the consistency reqdirementn‘

.
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a) Optimal Money Growth; g, T Constant’

If the monetary authorities take g and - aé given By a fifcal
authority (and constant) and set the rate of monetary growth to maximize
socia1¢wé1fare, the relevant problem is'as.described above, with the
relevant necessary conditionrs including the transvefsa]ity conditibns
and'eqyafions (22) ; (24), (27) - (30); in other yords; excluding Hg
and HT. Assuming that fhé system of equations defines a unique ohtimal

path and imposing the consistency requirement that_q] = q, =0 for all

2 |
t will either yield a unique solution to the government's optimal control
problem or yield an incohsistent system. Only in the former case will

the optimal_gﬁih be time consistent.

1f q_‘ :qu = (), equations (29) and (30) 1mp]y that,

for all t. Given this result eduations.(ZZ), (23), (24), (28) and, from

equations (16) and (17),

(T-t)u e, =u
c’x f . o

- deseribe x, m; b, vy and ) in five equations in terms of g and 1. ~Thus,

m, b and a = z must be zero.. The optimal path is thus defined by

; 2. _
(22') Uy = Ug * v [lxx ¢ Vec N Ues x:l VZ[Ufc2 ~u f] =0
(23') uclm+vj[%xmuc x Lttt VZ m f6'= 0

() u9+v [SL = 0

xbu x bucc]+v22bufc
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{28") ervz(M) =0

and the five constraints, equations (16) - (20) where a = z =m = b = Q.
These nine equations, which are in general independent, determine 'x, m, -
b, %, T, u, vy and Vo eight variables, in terms of g and 1. Thus, this

optimal control problem is time inconsistent.

* As -discussed above, the so1ution'to this prob]ém, equations {16) -
(21) and (22) - (30) must then imply an approach to the steady sfate
levels of m and b as oﬁbosed to an 1mmed1até.jump to their steady state-
values. "Thus, if the monetary authorities were to re-evaluate its
optimal strategy at a future t (t < =), the optimal p]aq would be to
“re-start the optimal plan exactly as before. Thus the optimal plan is

<

time inconsistent. e

This result 55'1n stark .contrast to the results of T-B who argue
that a government's optimal policy will be time consistent if and only

if its instruments include a monetary instrument such as u, the rate of

'growth of nominal balances.

b) Optimal Fiscal Policy; p Constant

The reciprdca1 problem to that discussed above is that faced by the
fiscal authorities. The fiscal instruments in this context are the
income tax rate and governmént public good expenditure, which are to'be

set optimally given a constant path for nomina1 money growth.

As above, the optimal control problem is equiva]ent‘to maximizing
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=
the Hamiltonian with respect to x, m, b, 17, ¢, a, 2 and m. Thus, the
conditions which define the optimal path include equations (16) - (21)

and (22) - (26) and (28) - (30) as well as the .transversality conditions.

Imposing time consistency on 'this solution is equivalent to assuming

that-q] =g, = 0 for all't. Together, with equations (26) - (30), this
implies
VTV V3T na3= 0 )

so that, as before, ¢ = m'= b = 0, if the solution is time consistent.

.

The system‘which defines the optimal path will simplify to:

(32a) =0 ) > .
(32b) lb =0
(32?) le = 0 . - ‘ . -

(32d) & =1 . Y o

(32e). Comom U.g o . | "'
(329 u L = “ K - - ‘u
(32g)  u_g |
(32h) g = Ug

_(321) g+ x+bs-um-x=0 A



o

’

or nine equations-in m, b, x; oy My, g and T, seven variables. Thus,
only by coincidence will the steady state solutions for the above
variables defined by the first seven equations satisfy the final two

equations.

7/

¢

<~ ¢} Optimal Fiscal and Monetary Policy

is constrained tono

IS ! '

o : .
If, in contrast to the above examples, the monetary. and fiscal )

authorities are integrated, the optimization procedure’is to maximize N

the Hamiltonian with respect to m, b, x, a, z, m, u; g and t. The con-

-ditions which define the optimal paths of these variables are éqdationg

(16) - (30) and the tfansversality conditions.

" Again, imposing the restriction that the solution is time consis-

-

tent implies that 9.7 Q, = 0. Again, in this instance, it is simple

- / ) . -
to demonstrate that this also imposes’an inconsistency on the system.

Thué, sincé the necessary_éonditions are 1dentjca1 to that in Section
{(b) above with the addition of equation (27), tﬁé system co]]apse; to
that given by equations (32a) - (i). In this case, the ninelequatidns‘~
determine eight variables so that an 1nconsistéhty reéults. |

L] ' [
L]

d) Other Optimal Policies

Table I11.1describes the range of optimalapolicies the government. may

adopt, optimizing over up to three policy instruments. T-B also examine .

a policy cohstraint they teym a Phelps constraint in which the government - .

a . . i :
nerate a fixed real amount of revenue from money

L u*h}f. "
3 rgp« Y
-8
»,
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TABLE TIL1:TIME CONSISTENGY OF OPTIMAL POLICY x GIVEN CONSTANT y (x|y)

o

‘Rea1‘Transactions Cost Technology

2(x,m,b) 2{x,m
. ulg,t - X v
1 BT y : X ) X
- : «g]r,u' - ’J ‘ o X' ‘ X
wLtlg X v
- o w,glt : X /
9,7 o R X
N . 0,q,T | X ' /. .
| Phelps | | X X ]
© - Y time consistent optima1/561icy

X time inconsistent optimal policy
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creation and tax revenue.,
(33)  um + t(1-f) = K = g+(s - %)b-é

where the left hand side of (33) edoals the inf]ationota§ and labour

income tax revenue. The Phelpsian problem is to maximize social welfare -

with respect to v and 7, giyenﬂa constant g undef the constraint above.

{and the market clearing constraints].

~ -

As shown in Table :IIIJ , under no cfrcumstancés will the optimal policy
for the economy above be time consistent. Thio is again in contrast to
T-B's resu]ts which purport to show under the Condition that money
bears a utility yield, .that any optimal po11cy 1s‘fﬁog consistent 1f

one of "the 1nstruments is the rate of nominal-monetary expansion.

v

This may be oonfirmed by examining ayversion of the reduced form

that T-B use to conclude their arguments. The government's problem may

-

" be reduced, Qheré;v(.) is the indirect utility function,.to? )
max J e"étv(m,b,r,g)dt

subject to,

a-
il

h (m,biT,g.u)

.
11

'hz(m’b;T"g’U) ’ ‘ .. ’ oo

Forming the requisite Hamiltonian and performing the same experiments
above confirm the results in Table 1. The crucial difference between

these results and those of T-B is that in this case the indirect utility

L}
?

»
LI



N which, in general, will be 1mpo§sib]é. However, if real bonds do not:
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function contains real bonds due to the transactions technology assumed-
versus the alternate specification.in which real balances bear a utility o

yield. .

For example, if the monetary auythorities maximize social welfare
. I '
with respect to u, imposing time consistency implies the optimal paths
) !

of m, b and b must satisfy,

-

AY

enter the ‘indirect utility function,*or if money demand is generated "
through the éssumpti%n thét money bears only a utility yield then the

time consistent optimal péths of my b and u need only sétiSfy
. : .
vm%’n} =,h2 =0 )

which is Suffjcient'to obtain a unique solution.

Thus, the transactions technology assumed above imposes an addi-

tional constraint which implies that any attempt by gove?nment_to-gepe-'
.frage an optimaf time:consisfent patﬁ wi]1'be_ﬁhpossib1e. The first—bést

pé]%éy would set the distortionary income tax 1 équaf.to zero and m and

b so as to miéimize transactions costs. Howevef,~the government cannot

achieve the optimal levels of m and b and finance exogenous or optimal

government pub1fc éooq éxpenditure. The!seéond-best'po1icy will generally

attempt to réise'revenue'with minima] distortions; ut%]iziné a current
‘Tnf1a£idh tax, postponing'%he incomé tax until the future. gfn this case *

&
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"there ex1sts the 1ncent1ve to renege at some future date.

An analogous prob]em would be sin ternis of a simple non-monetary

. growth mode] 1n which the 1n1t1a1 cap1ta1 stock 1s a free varTab1e

The opt1ma1 p]an will set the 1n1t1a1 cap1ta1 stock to that 1eve1 whwch

&

f1nances a 'h11ss' ]eve1 of consumpt1on s If that 1evell1s‘unsustaonable¢ .
" the optimal p]an w111 genera11y 1mp1y an opt1ma1 path to the go]deni‘
rule’ level. However 1f the planner is able to re- opt1m1ze at some
future date, the p1an will. be re- started $0 as to set, the cap1ta] stock
to the bliss stock.‘ Thus, th1§‘typeiof prob]em would be time 1ncons1§- ‘
tent unless the bliss stock of capital is sueteinab]e. .

e o

\

-y
»

V. LIQUIDITY OF BONDS

Since the nove]ty of the abowe discussion of time consistency is
due to the transactions technotoqy assumed it is of interest to deter-

mine the robustness of the above results with respect to the specifica-

tion of the transactions technology.

&

As Fried and Howitt note, the specification of the 1iqoidity fune-
tion 2( ) has important implications tohards the compahetive.static
tsteady state) implications of the, effect of changes in u and © on the
. nominal and real ‘rates of interest. It will be demonétrated,be]ow that
there are also important 1mplitations with respect to the dynamic;xof

. . . Q
the economy described above. ‘ e

1

In fact, an importan@’aspect of the discussion above 1§ that in alb

cases the optimal policy does not imply an immediate jump to the new

-~ . ").

J -
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°

steady state, affordwng the government an Tncent1Ve, upon re- -evaluation

ST of its pb]icy, to Jump to the 1n1t1a1 optlmal, values of its instruments.

E

¢ However, 1f the transact1ons technology is such that bonds do not
O :. . ;; " have' any'1mpact Oon the rea1 cost of transactxons i. e . b and hb are , f
i - ;;;{«' \. zero foi all. b m and X, the results described above no longer hold. 'In:
Lo fact as mmnar1;ed1nTab1e III 1,any opt1ma1 p011cy will be time consis-
tent S0 long as the set of 1nstruments the government optimizes over

Do o 1gc]udes u, the rate of growth of nom1na1 mongy (and there is no Phelps

3 - = . L “| .

S(32e) LN =0 0 Ty o Ve T

- » .
H o - R - .
. ' ' T, . - L e N I . -} ’
. PP . . '< e RN ;“ * ie T ¢ .
(32d) &%= -# ST e oo
. A <. . - LTl -t T .
. . . - - .o J -

¥ . ,“ - ’ T e
' - B " A

(32f) ud *a
329)  wr s,
" L (3eh) u, F ug . \ o

L (321) g+ bs - um= 0

SR constraant) o

' A i N A P * . , et B e

* /s - - ". . ¥ . . '
- ~For example,.1f the government opt1m1zes over u, T and g, the opt1ma1
paths for m, b, X, a, u, 1, mand g are describéd by, e . e
L . r.' .l : , R ) o . e ‘ 0’, . ~“;\m. . ¢ ‘t'__.“";‘ A
B2) L w R0 LT e e

] s .|: ‘ . \ Vo ,-" ' “.‘;_'. ‘.‘ .: : :’ i} .

. (328) ’H - U. o ‘ L , ._v “5« Cs . . - :,‘.:“‘, ‘ .

The optimal, and time consistent, policy sets:the incomevtex to zero,

P
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minimizing 1aoour éuppiy oietortions - Real balances are set S0 as to
minimiZe transactions costs, setting .the marginal 11und1ty yield to
zero. The rate of 1nfiation which generates the optima1 quantity of
money suppiy andrdemand is the negative of the-rate of time preference.
Since ' | “ |

- (;-[”-)/(i-ﬂ L e

X

R - L 3 ‘ an- a rl
the optimal nominal interest rate is zero. UnTike 1-B, the result of

thefgovernment's optimfzaggonfis~a’Frie4manesque full liquidity equili-

L . . A

© Brium. :The nate'of returs on all assets, inoiudinq money, is equal to
. the raté of time preference ahé the marginal 1iquidity yield on real

ba]ances is zero N This is due to the fact that 1n the transactions

<

costs economy, the ievei of reai baiances does not directiy affect the
marginai rate of substitution between consumption and 1abour as wouid
ibe.the oase~1f‘money bore a utiiity yie]d. The level of_reei beianqes»
. ‘can beféét'et:thatAfevei whieh'minimiies:trénséctions:costs«without '
,'oistorting' the conéumgtion/ieisnne choice. o
Thus, T B S resuits are duplicated oniy 1f bonds do not offer a

reai ]1ﬂu1d1¢y yield. If bonds are omitted from the Tiquidity function -
and the government ﬁas as an 1nstrument Us 1t will be optimai to move

' the economy,kmﬁediateiy to a steady state, 'so that the optimal poiicy

1s time conSistent

-

Note that equations (321), (32d) and (32e) imply that

"

g = -(m+b/s) ' .
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so that b, the optimal steady state value of real bonds is negative,

given non-negativity of m andig‘

This result, as T-B and Lucas and Stokey note, follows from the fact

/

that in this context, real bonds bear ne1ther a I1qu1d1ty nor a utility

yield which would improve social welfare when b > 0. In fact, the

w s

optima1 Tevel of b will be as T-B argue negative since this witl afford

% W

the . government the opportun1ty to extract ‘Pevenue, 1n ‘the form of

’ interést payments from the pr1vate sector to the government, with which
to finance the deflationary subs1dy and government pubtic good proouct1on.

Thus, in this case, at t = 0 the government purchases all out-

standing interestabearing debt;and further, purchases private interest

bearihg debt, so as to achieve- an ootimum; AS noted above, this initial

open.market operation was included in the goverpment's optimal control

probfemu

A . 2 : -

Ll

!

" The optimal policy will be time eonsistent in this context Since
the government has enough 1nstruments to achieve the first-best opttmum
‘For examp]e if 1ts instruments Incfﬁhe My T and 9 the optimal values
oT p and t will be -§ and Z6ro respect1veTy In other words, the opt1ma1
quant1ty of- reaI balanees and output w111 resu1t 1f the rate of return

.o .on money is equal to the rate of tTme preference and there is no dis~ f

*

Ll ey

¢ - : et s L,

tort1onary'1ncome,tax.

However to set g to its optimal va]ue given the above values of

u and T requ1res an’ 1nstrument to generate the add1t1ona1 revenee
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required over that needed to finance the deflation. Fortunately, in the
economy described in this section, bonds are a 'stack' variable such °

that, by an initial open market operation, b can be set to whichever

2

level generates the appropriate revenue. In other words, the govern-

ment is not constrained, as in the previous section, to set. the level of

—

b to minimize transactions cost and therefore can use the "initial open

marﬁé?Aoperatidn"tq_set;b to that level which' generates the optimai‘

Ld

interest’ income. ' - T - '

-

VI. OTHER TRANSACTIONS.TECHNOLOGIES o

.

If, as Fried and Howitt sugéést,‘"eath point in [COntinueus]Atime
may be ;egarded as-a discrete interval in meta—tjme” (p. 971) then
assuﬁ%ng the interval of mété-timg is of éxogenous length, it may be
thAtgthe household is constrained to hold cash In advénce té finance -
purchaseé 16 the interval. Thus, the household's coﬁstra%nts may be

amended so that

(1) @+ b= Q0)[(-F¥Tb-n(meb)-c -
(3') m>c

where now expenditures equa] consumption only, there is no real cost to

transacting except for that embodied in (3') above.

Note, the use of a cash-in-advance constraint, a discrete concept, 2
in a continuous framework is at best artificial. However, its adoption

is of intereéttif only fb}:dfaactive_purposes. Thus, the results below
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are primarily 111ustrative.9

The first order conditions the household's lifetime utility to be

at a maximum subject to equations (2') and_(3") are,

(335) :Wuf(m,frg)

all-1)

(33b)  u (m.f,0)

it

a(i+n4g)+z
(33c) @+ b= (1-0)(1-F#(6 - Z) - (e

(33d)  z-=a

where, given (3'), ¢ has been replaced by real balances, given that the
cash-in-advance constraint holds with equality, and from the household.s

first order conditions i has been replaced by,
(33e) i = (6" g +my/(0-1) ; '

Again, o is the costate attached to the household's asset accumulation
constraint and z =-a. " The household's optimal plan also must satisfy .
the transversality conditions which are identical to thqse giveg by

equation (12).

’

The government, as before, maximizes social welfare subject to

equations (33a).- (d) and the market clearing conditions,

(38)

(1-f) =c+g=m+g -

and

~




m = m{n-m)

-

Note, in the context of the cash-in-advance constraint, there is no direct
real cost to 11qu1ﬂity. Now total expenditures equal consumption not.the

- sum of consumption. and liquidity services.
Thus, the optimal plan is found by maximizing,
H.= e"atu(m,l-m~g,g)

St st
+ vy o ma(1-1) v O tu -a(14n4s) 2]

+ q1e—ét[m(u-“)]+q2676t[(1-r)(m+g)+b(6 -‘g)-m(]+p)]+q3§'étg.

The identical experiments as those performed-in Sections IV and V
may be replicated for the cash-in-advance economy by déﬁdving the relevant
first ordgr conditions t6 the'government's bptimization problem and im-
posing the consistency criteria (q]=§2=0). "As above, the policy will be

consistent fif ‘the resultant system has a solution.

‘For example, if the government maximizes with respect to g andr
while the economy operates.undér a cash-in-advance constraint, the opti-
s : :

mal time consistent paths for m, b, a, m, g and 7 -are given by,

Al +

(35a) u. = u

¢ g
" (35b) ug U
((35¢)  ug = a1-1) ._ | R .
(35d) y = q({+ﬂ+6)
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A

-

. 4 N

(35¢) (1-t)(m+g)+bs-m(1+u) = 0

- »

(35F) n=a .

so- that the steady state nominal rate of interest, from equations (33e), -
(35¢), (d) and (s , : e .

- »

o= otu
T+u+8

\

if u 75 exogenous to the government. -Thus, the optimal nominal rate,
from the standpoint of the fiscal authorities, increases as u increases.
A§ one would expect from second best theory, the optimal tax rate given

the exogenous distortion u is not zero but,

T = -(uts)

Only if the rate of nominal money growth is at its optimal first best
Jevel 4 = -5 will the tax rate equal zero.~

Thus, if the government's instruments include g, v and -, the first

/ « o

best solution will be ﬁo set v = -5 and v = O:

The consistency results of the cash-in-advance economy are summarized in .

. - Table II1.2. As can be seen, the cash-in-advance economy is much less

likely to suffer from an inconsistent optimal policy. Only if government
expenditure g is the only instrument will the optimal policy be inconsis-

. , » , /:
tent., : R

Note, the coﬁsistency properties of the cash-in-advance properties

are not affected by the 1liquidity 6f bonds as in the transactions cost .




143

TABLE IT1.2: TIME CONSISTENCY OF GOVERNMENT POLICY x GIVEN CONSTANT
(x]y) CASH~IN- ADVANCE TECHNOLOGY

—
Unconstrained Balanced Budget
ulg,t . ) Y X
Tlg,u . / X
glu,t ’ X X ’
u,tlg C /X ‘ v
u,g|t _ / | X ¢
T,9u / X
u,gITv ' A T*A , ’ } v/
Phelps /o ‘ ) X '

/' timgrconsistent : ' ‘
X time inconsistent e,

* time consistent policy non unique




economy examined above. For example,'if bonds were as ﬁ]]iquiq as con-
sumption expenditures, cash-in-advance would be required to finance net.

expenditures on real bonds. Thus, ' Coe

3 m > b~ (i-m)b

Replacing (3') with the above constraint does not affect the consistency

¢
| %

results summarized in Table III.2.

The results of this section may, as for the previous sections, be
. represented in terms of the reduced form representation of the govern-

_menf's probtem given in Section IV. The effect of the cash-in-advance

. gonstraint is to'rgmove'regj-bonds ffom the indirect utility function.so
tha‘ht-vgtand'vT are equal ;0 ;erol The removal of the constraints that»

at the optimum vy, = vT.= 0 implies a greater degree of'fkeedom so that -
with the.consﬁstency requfﬁemeht the optiﬁé] path,.is éonsistent. In ef-

fect, by removing t and b from the indirect utility function the cash-in- ‘

advance economy makes an immediate jump to a steady state opfimal in
cases in which ‘such a fump would not be optimal for economies with other

transactijons téchnologies.

N

Thus, while as Lucas and §t6key‘argue'"the imposition of a Clower

constraint is hot an alternative to Sidrauski's way [money in the utility

function] of formg1ating the demand for money, but in fact is c1osé1y

related to it" , the alternate method of generating liquidity préference

does have strong implications witH‘respect to time consistency of optimal

pp1§cy.

A




R

offers an explanat1on for\the 1nc0ns1stency resu]ts in other econom1es, .

In fact, 1t is possible-to duplicate the results in this and the
previous section by amending the transactions technology introduced in.
Section I1. If an economy could be cSFE%ived of for which a firm (or

Iy

government) sells liquidity services such that,
_ \
¢ =x - ?(x,mb)
but that the firm has zero marginal resource costs so that market clearing

implies,

N~

1-f=c+aq

i.e.,'the liquidity services are pecuniary. The private sector's budget
constraint wopﬁd now include the profits of the firm selling liquidity
servisss as would the government's budget cbnstraint if those profits

were\taxed.

‘Thus, at least qualitatively, the cash-in-advance technology mimics

~a liquidity service technology for which those liquidity services are

solely pecun1@ry While th1s probab]y doeg not conform to rea11ty, it

for-which 11qu1d1ty Serv1ces~are rea]'.

o

If bonds Sear a real liquidity yield, the government cannot, opti-
mally, drive.b < O.to acquire revéhue in.a.non—distortionary fashion.
Thus, it 1s‘qpt;ma1 to use an inflation tax 1nitia11y? promising a lower
inflation 1n‘the fthre, to acquire revenue,‘withouglgfgng‘distortibnary'

Tabour 1ncome tax. This affords the government current revenue without

.

reduc1ng mand b swnce lower fué&re inflation 1is prom1sed
\g)
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Thus,'if m and b offer real liquidity yields a non-stationary oﬁtima1
policy is much more 1ikely for the reasons discussed at the end of Sec-

tion V. Essentially, since the first best policy is a’'stationary policy’

- (which will be time consistent), a government will*only desire a non-

stationary (and time inconsistent) policy if it is constrained from

achieving the first best equilibrium.

" VII. 'BALANCED BUDGETS o

it haslbeéﬁ}often arqued that to constrain the government to either
balance the budget or maintain a fixed deficit éither instantaneously or.
pver the tyc1é would promote consi§tgncy.by reducing the government's
ability to raise‘revenue at its disccetion in the futgre. However, as
the analysis above may suggest, in fact the imposition of such a con-

straint on government may indeed increase the propensity for time incon-

" sistent optimal policies.

R,

If the constraint takes the'form that

(36) g - ~(1-1) -.-ib = d

where d is soﬁg'fixea constant {possibly zero) representing the real .

deficit éubstituzﬁhg this constraint into the government's decision

problem eiamﬁnéd in Section VI yie1dé the Hamiltonian

3

Fy
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_ -6t A
#=e " “u(m1-m-g,qg) o
&
-8 . . i
+ vie  uza(1-4)]
% o
tv,e [uc'1(1+‘+ )+z]
+vge T (1-0)g - 2 - B ) - d)

The necessary conditions for an optimal path are the six con-
§t}aint53‘énd

[y

(37a) - ugmugriylugmugeltvpluc mucel-vgmeay ) -0, () = -ap+a

~

- - 4 z _
(37b) T vl -S4 4 G 579
o
(376) vy vglgeme g (6 s “4 7)) - aylgem) = 0
V3Tb b
(37d) - vp t Rt %t 97 O :
V3Tb

(376) ) 'V21.— -(—T:—T—)— - q,l = O

'Y

Tb;

v
-~ » —-4A Y o 3 ..b..;_ = ; A

(371:) "V]_(]"~) - V2(1+‘+')~) (]..1-);-12 + C|2 112 "Q3 + '3q3

(37q) ug—uf-v][uff-ufg]-vzﬁucg—ucg]+v3(1—T)+q2(1a7) = Q- .

(37h) Qym - gom = 0
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which are derived by differentiating ¥ with respect-tom, b, 7, z, -,
¥, g and ., respectively. The transversality conditions are, as before,

eduations {31a) - (31c).

Consistency implies, as above, that the optimal path from the van-
tage of t = 0 should imply no incentive for the government to deviate
from that path at future points of time. There, the marginal va{uation
of the state variablés m and b must be zero for all t for the optimal plan
to be time éonsistent.‘ This requirés that qi =Gy = 0 for all t.

-

a) Optimal | Given - and g Are Constant
v ‘

-Performing the same éxperiment as in Section IVa above yiélds the

A9

necessary cdnqitions for an optimal path as equations‘(33a) - (33d), o

(36), (37a), (37b), (37d} - (37f) and (37h) and the relevant transver-

sality conditions. App]ying_the constraint that the optimal bath be -

time consistent imp]ies?¥rom equation (43) that

P4

A LR R

If Vs =‘0, then by inspection of'the necessary equations

2
.

T -
V-] = V2 = V3

Ld
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which will in general be inconsistent with the final necessary condition

that

|
(o)

(1-7){g+m)+bs . -m(1+.) =

By the same token; if (% - %

+ -) is zero, the necéssary conditions will

~again imply an inconsistency.

b) Other Optimal Policies

’

Table 111.2 summarizes the possible permutations of the government's

decgsion préb]em. A; can be seen, the addition of the ba]anceé~budget
constraint. has a marked effect oﬁ the -time éoﬁsistqﬁcy of. optimal
;po1igies.' Only if thq government optimizes with respect to all its
1ins¢ruﬁents or with ;espect to . and r'aldne will the'optimal poii;y be

time consistent.

In general, the addition of an extra constraint on the government

-

will 1egd to a second-best solution-to the optimizing préceés. Since
such a constraint also tends to'promptegtime inconsistency rather than

consistent government behaviour, its value is nil in the present: context.

Alternate measures of-&he deficit generate similar results. For .

1hstance, if the real deficﬁt is defined as the real change in government

.
a

3
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liabilities

“m+b=d

If d' is held constant this constraint will be inconsistent with any

“steady state unless d' = 0, so that any optimal policy will be inconZ-

sistent.

VIIT. - DISCUSSION d

<

.

’

.

As discussed-in the introductiony the decision problem faced by the
government anq1yzed above is relatively unsophisticated and unrealistics
fhe goVernment sets current and future policy assuming that successive
incarnations of itself will be committed to the original time.path of :

-

policy.

A more realistic scenario would be one in which succe§sivé gdvern~
ments take into account'the\possibi]ity that their successors will re-
evaluate the time path of. optimal policy wﬁen setting‘their own policies.

-Obviously thereAare a myriad of,suchf‘games"tﬁét the sequence of

.éovernments could play, the simplest being.thé Nash type such that lhe'
current government set, obtima11}, current policy given the expectatioﬁ.
that future governments. will -in turn set optimal policy in thé'éame

fashion.

. This type of equilibrium is that.which is.exploreg by Go1dm9n'an¢

. Rofenbergl However, as -Lucas and Stokey point out, a time,consistent

&
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°

1

optimal policy, for whi;h-the optimal policy as formu]ated by the

myopic government at the initial date will also be optimal from the‘per—
spective of future m&opic governﬁents, will correspond to a Subgéme
perfect Nash equilibrium. That is to say it will correspond £o the time - -
path of policy whiﬁh would résu]t from successive governménts setting

policy Optima11y.given future government behaviour.

. b v#
A sketch of their proaf of this statement is aé follows (see Lucas

and Stokey, Appendix Bl. If ot(yt) is a strategy belonging to the set

of feé$ib1é strategies given state Yis available to the t'th government,

.o

then the payoff to that government will be ' .
1 (opayy)

o _ . 'oo:. ’
where 0, = (Ut’?t+1"") # Gt = (Gt’@t+1"f'?

so that the current péyoff will depend on current and successive stra-

fegies and the current state. - $uécessi§e étrategies.are chosen by

either the current goyernmént or future governments depehding‘on the
game played.

-

A time consistent sequence of strategies .or policies qg formulated

Aby the myopic gbvernmen£.w111 have the property that

melopaye) = mlogye) SUR

for all t..'in other words, the sequence of pd]icie§ cS_wi]ﬂ maximize

the payoff functions of all successive governments. * Thus, even if -the

"

government is naive it will have no incentive to renege on past
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commitments. -

areee

A set of policies,o: is a’subgame perfect Nash equilibrium if

[s o}

. N > ~ o ‘
TTt(O.tayt).’ nt(ot’0t+] !.yt)
for all t. -That is to say oj is'a subgame perfect Nash equilibrium if
each successive'government has no incenfivecto deviape current policy

from the o: sequence given future policy follows the .sequence.

-
-
*

Since the former condition imﬁ]ies the latter the time consistemt
policy is also é'subgame;perfect Nash equilibrium policy. Thus, at
1east'undéflcertain c{rcdmstances, anjpptimal poli;y will be feasible
under more comg1icatgd assumptions regarding intertemporal behaviour of

government.

IX. CONGLUSION

fhe time consistéhcy of optiﬁa] pq]icy has been examined in the
coﬁtext of a continqousttime, perféct fbresight économy in which ligui-
djty preference is gngéated from a trggsactjons teghnolog} whic? imﬁdses
“a'cost on the consumer which may be reduéed.by qppropriatg achisition

of real balances and bonds.

‘A cofmparison was maqé of'®he consistency properties of such an

economy under two different assumptions; that the trapsactions ‘costs

- —

households incurred were real resource costs and, that the transactions

costs were solely pecuniary. The results of that comparison were, -
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' ]

-

a) If bonds bear a liquidity yield in the transactions cost economy no
optimal policy is _time consistent. The optimal policy will always 1mR1y
a s]ow adJustment to the steady state afford1ng the government the 1ncén—
tive to‘re—start the optimal plan at a future date. |

7

. ) . , o
The government is constrained by the fact that bonds bear a real

liquidity yie]d This wi];/yéén that it is optimal to utilize an infla-
- tion tax and a high real.rdte on bonds- to 1ndute agents to hold a h1gher
real quant1ty of bonds in the 1mmed1ate future and avoid the d1stort1onary

income tax. ’ . - ’ .

. b) If bonds do not bear a liquidity yield, the opﬁima? policy will be
time consiétent'ifvand'only if the government's 1n§truments inc]ﬁde the
rate.of\nomfna1 monetary growth; Thus, it W0q}¢‘qppear that the so~ca]1eﬁ \
Tk ru]é’, taking U as exogenous, wi]]_in the'é;se‘wheﬁe a timg consis-’ |
tent policy is feasibie,.ténd to %nhibit timevcoﬁ%istehcy sinﬁe it
Yedqgés'the 1ikelihood of an.immediate jump to the éﬁeady state being

optimal.-

In fact, T-B{s're3u1ts are qua1{tative]y dup1icatedfwhen the liqui-
dity yie]d of bonds is zero implying that with respect to time consis-
tency of opt1ma1 policy, ]1qu1d1ty preference generated from a utility '

yield versus transactions costs are identical. |0

c). If the transactions costs which generate 1iqd1dity preference are

solely pecuniary and do not involve a resource cost, either in terms of

goods or leisure, alleoptimal po]i&ies are time comsistent except when fogfﬁé
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g is the sole instrument. Unlike the above examples, the consistency ’

results in this case are unaffected by the liquidity yield on bonqsf

- d)  Legislated restrictions on the size of the deficit will tend to

promote time inconsistency by constraining the government in such a

I3

manner so as to make an immediate jump to the steady state not optimal.

&

In conclusion, in the context of continuéué time models, an optimal
po11ty§wi1] not be time consistent if the optimal paths of those state
variables which are free for the government to set upon re-evaluation-
are not immediate jumps to the steady state values. If thosé paths
involve a stow adjustment towards the steady state;the government will
at some fdtbre date have an incentive to restart the opfima] plan,

causing an immediate discontiguous jump of the state variables back to

their initial values.

As shown ébove, in a mqnetary model in continuous lime, the type

of transactions technology will be paramount in determining Qhether or
not the optimal plan will be time consistent. If transactions require .
the expenditure o?lrea1 resources the optimal plan will be more likely
to involve a slow adjustment to the steady state and therefore offer an
incentive to the government to renege on its policy, whereas if the
transactions costs are solely pecuniary the.government will be likely
to find it optimal to jdmp immedi}te1y to a steady state. o

"The above conclusions are éubject to the caveat ment{oned in Sec-
tion VIII and earlier in the text. The'sophisticatiOn of the government

and consumers with respect to their reaction to the ability for successive
. r ‘ .

ra
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governments to renege on policy commitments has been']imited. As argued,
the optimal policy, 1f fime consistent does conform to one derived under

more complicated game theoretic behaviour. However, even more compli-

cated behaviour is relatively naive.




" -FOOTNOTES

A pabqgjgggﬁjaastad (1976) anticipates many of the issues and con-
cluﬁions discussed below. Sjaastad notes that if inflation expec-
tations are slow to adjust (adaptive) then there will be an incen-
tive for goVerﬁhents to adopt a policy of unstable inf]atiéns.
Séé Lucas and Stokey, Appendix B,.for a concise explanation of this
\point.
Time subscripts are igﬁoned except where.necessary.
It is assumed that the uti]ity.fbnction and constraiﬁts exhibit the
sufficient conditiops for an equi1ibriﬁ2.to exist.
Strictly speaking, the government's instruments a}e nominal; the
growth of money, bonds, taxes etc. However, since a time path of
nominal instruments implies a time path of prices, the government
has effec;i&é control over real variables. o B
Since M(0) and B(o) may, be adjusted by open markgt operations and
" P(o) adjusts in response tohthe time paths of M, B and the other
govérnment instruments, m(o) and b(o) are "free". .
T-B consider briefly time varying exogenous paths of g and/or v
and find that conéistency results are unaffected. | -
The syétem~1s derived by using equations (16),'(21), (17) énd (19)
~ to solve out « z, x and = from the government’s problem.

Strictly speaking, since m is.a stock variable and ¢ is a flow

variable, the constraint should be that,

h > { cdw

.

where consumption over the assumed interval is less than or equal

to the stock held at a point 16 time (the beginning of the interval).

a

In this case c may be defined as that integral.,

156 ¢
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10. In effect, T-B's results depend on Ricardian equivalence, which

is no longer the case when bonds bear a liquidity yield.
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