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Abstract -

In this paper, the demand for money is gcneralised on the basis of the theory of financial
investments agd the problem of its elasticity is examined, so as to re-discuss the issue of
monetary policy cffectiveness in areas of low interest rates, We are concemed to know whether
these areas exhibir the high elasticities which some economists assume. The analysis is carried
out in the light of both theorctical contributions and acknowledged economerric estimation.
In this context the algebraic proof of the money demeand function presented in Tobin (1958) is
rcsumed,-since this author only prescated a graphical solution. This arficic presents the
theoretical backgronnd for cconometric research as well as a review of the most recent Lterature
on demand fur money. First results of economelric estimates with Portugnese data are provided,
A Cointegration method was used to estimate long and short-run regressions.
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1. Introduction

This paper generalises money demand on the basis of the theory ef financial
investments, and cxamines the problem of its clasticity, so as to re-discuss the
issue of monetary policy cffectiveness in areas of low interest rates. We are
concerned to know whether these arcas exhibit the high elasticitics which-some
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economists assume. The analysis is carried out in the light of both theoretical
contributions and acknowledged econometric estimation.

In this context, we resume the algebraic proof of the money demand function
presented in Tobin (1958), since this author only presented the graphical solution.
This methodology had been approached previously in other works (sse Barata,
1998, pp.179-198; Barata and Variz, 2000). This paper presents the theoretical
background for economelric research as well as a review of the most recent
literature on demand for money.

In his formulation of the theory of preference for liquidity, Keynes tocok
the risk problem into account in its twofold form - market risk (i.e., the pussibi-
lity of incurring capital losses due to reductions in bond prices) and credit
or insolvency risk (translated into the risk premium that is added to pure interest).
BHowever, only the former is relevant in the context of the optimal portfolio choice
theory. -

In the framework of traditional economic analysis, risk has no effect on the
rational individual’s behaviour. Neo-classical theory assumes that the behaviour of
individuals is limited to the maximisation of utility associated to his consumption
over distinet periods of time, subject tn the market interest rate, constraints imposed
by the initial wealth level and future incorme balances, which were taken as known.
As a result, the financial market would play no role in determining the tisk of
financial assets, though in practice future income flows are indeed uncertain.

Breaking with the preceding theory, Keynes pioneered the distinction berween
saving formation and its application {i.e., financial investment): while funds saved
are determined as a function of income, the investment of these tunds depends on
the interest rate and risk levels. As he wrote, “it should be evident that the interest
rate cannot provide a reward for saving or abstinence as such. When an individual
accumulates savings in the form of cash balances no interest earnings are raised.
On the other hand, the interest definition per se indicates shortly that it is 2 reward
for the renunciation to liquidity for a given period” (¢.f. The General Theory...,
Chapter 13, Sec. IE).

Thus, the financial market takes the important role of allocating a certain
part of total savings to investment, aiternatively to holding them in the form of
money. The fact that this allocation is made in this way exposes financial
investments to the consequences uf securities price changes, that is, the investment
portfahios are affccled by market risk and this influences the hehaviour af investors,
forcing them to forecast securities price changes in order to buy when prices are
low and to sell later when they are high, as Kevnes supposed.
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Fellner (1946, pp. 145-151), criticised that view, arguing that it would not be
reasonable to assume that the financial agents had expectations of interest rate
rises just when they fell. If such expectations did exist, he argued, then other
variables related to economic recovery - namely investment - would act on the
interest rate time structure in such a manner that they would not fall.

Leontiel, quoted by Tobin (1958), also argued also that the speculative motive
far liquidity prefercnee is necessarily null in equilibrium situations, whatever the
interest rate be (one must observe that Keynes has said the same, provided that
the assumption of a world without uncertainty concorning interest rates holds).
As a matter of fact, Leontief noted that the existing deviation between the observed
and the expected interest rates would be eliminated, since experience shows
investurs how to build correct forecasts; even if an interest rate is persistently
very low, one may accept it as “nurmal”, if it remains with such valves for a long
time. .

Later, the monetarists also contesied the keynesian thcory, denying the
relevance of the speculative motive for liquidi ty preference as an ¢xplanation for -
money demand, hence merging the real and the monetary spheres of the economy.

As arcply to all this criticism, Tobin wrote the article quated above, in which
he derived the behaviour of money demand due to the speculative motive for
liquidity preference, pivneering the idea of an cxisting financial investment motive
behind holding.money, so 23 to cover market risk. This supposes that money is
considered us one of the financial assets included in the investors’ portfolios. The
investor is supposed to be rational, in the sense that he aims (o obtain an optimal
combination of investments, in such a manner that the portfolio yield is maximised
and its risk is minimised. However, he did not derive a formula for money demand
and did not find its elasticity. Moreover, he did not take into account that mMoney is
an asset yielding some income, since it meludes time deposits earning interests,
This paper will restate this theory considering the missing issues just mentioned.

Another aspect in Tobin's model deals with the alleged disregard lor
uncertainty and its faithfulness to Keynes’s interpretation of uncertainty. This
point also deserves to be studied and we shall do so in this paper.

One may say that after this summit of monetary theory, we are unable to -
observe equally important theoretical developments, unless the inclusion of rational
expectations in monctary tHeory is seen as a theoretical improvement. However, it
seoms that such a step was taken in order to get “stuble™ results for money demand,
that is, it responds to an el;npirical need 10 suit econometric estimates, instcad of
providing a solid theoretical framework in the field of monctary theory.
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After reading the book written by Laidler (1993) on demand for money, we
think that this idea may be confirmed. A more recent work, whose author is 8.
Sriram (1999), ailows us to maintain that statement. :}&s a matter of fact, the core
of research on money demand has to do with empirical analysis, especially against
the background of monetarism. Moreover, over the course of the last two decades
- especially after the 1985 article by Rogoff - leading monelary litcrature was
mainly coacerned with the issne of credibility and the independence of central
banks.

One may put the question whether the latter literature, including also the
developments on monelary rules, is not the wnique way for pertinent research,
within the framework of the Stability Treaty of the Enropean Monetary Union,
which practically abolished the economic policy in the countries involved. We do
not think so, because most of that literature has to do with ergodic models rather
thar with economic theory. As a matter of fact, a macreeconomic theoretical
background is indispensable to understand correctly and evaluate the results that
occur in the economies. e

For these reasons, we think it is worth outlining the theoretical work on
money demand within the framework of the Keynesian theory and o develop
empirical analysis on it, considering recent econometric techniques, like co-
integration. In doing so, we do not intend to produce ergodic models. We simply
wish to check how the theory fits to reality, considering past evidence. This paper
is organized as follows: in section 2 and 3 we present the theoretieal framcwark,
in section 4 we present the econometric findings and in section 5 we conclude.

2. The preference for liguidity in the presence of risk
2.1 - The theory of Tobin

As a starting point, Tobin {1958) built a formalisation for the reasoning of
Keynes as regards the assumptions on money demand for speculaticn rcasons.
‘Take investment in consolidated bonds or perpetual rents, at an annual interest
rate r (which is fixed at the issuing date). The interest rate that will be recorded in
the market in a certain future moment is unknown, but can be estimated or
anticipated by economic agents. We denote this rate by re.

At the date of issuing, the interest rate on bonds equals the market inferest
rate. Thus, if its interest takes the value of one currency unit, its current price
shall be 1/r.
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If the market interest rate always equalled r, the value of the capital generating
one currency unit at the end of the following year would also equal 1/r and the
investor would incur in no losses. Obviausly, if the interest rate decreases, bond
prices rise (hence the investor raises gains), falling otherwise. Nevertheless, these -
developments are unknown at present, henee the different existing cxpectations
regarding rc. The rate of capital gains or losses, £, can therefore be wrillen as
foilows: ’

/re - Ur
g= —  —  =rire-1.
1

and the anticipated total rate of return is
I

(1) r+g=r+ - 1.

re

Tobin considers two assets: asset 1 is maney, X; representing its share in
total pn-riif‘o[iu value. This asset yiclds no rewumn, hence bearing no risk!, Asset 2
stands for the risky asset, which yields a positive income and accounts for Xy of
the portfolio. Thus, we have X|+X9=1, each share falling between zero and one.
Intreducing the concept of riskless asset, thet is money, with the portfolio theory
he concluded that, in such situations, the optimal portfolio of each investor always
encompasses part of the riskless asset and part of the risky asset.

The starting point for Tobin is the Keynesian principle that assct 2 comprises
consolidated bonds (i.e., bonds giving rise to a perpetual rent), which by assumption
are issued by the government (so the insolvency risk is null). The market risk
exists because bond prices vary conversely to the market interest rate, as seen
above. Therefore, g (the rate of profits/losses) is a random variable.

With Rp standing for the average rate of return of portfolio p and R2 denoting
that of asset 2 in Lhé portfolio, @ p as the standard deviation of the rate of return of
the portfolio and c§2 the corresponding for asset 2, we have:

D ERp) = xy BRy)
o, = X209

Eventual risk associated with changes in money valuation other thao those dae to return
fluctoations are distegarded in the analysis.
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Solving this equations system, the mathematical ci’:pression of the efficient
fronticr is found to be

T
BRgy= —— %
Og

The foliowing step consists of determining the portfolio chosen by the investor,
which shall fall over this straight line. Such choice is determined by the tangency
point of an indifference curve - derived from the utility function the investor
exhibits towards the retumn of the portfolio, which is denoted U(R).

Tobin assumes that function U(R} is quadratic, given that return is measured
by the expected value of R and risk is measured by a second order moment (the
variance, which in square roots gives the standard deviation). Hence, with the
decision principle defined accordiag to these two parameters, the acceptance is
implicit of the existence of indifference curves based upon the same elements.
Indeed, if UR)=R stood for the mathematical hope that ntility were equal tu the
expeted valuc of R (which is 4 constant ) and from the viewpoint of economic
behaviour, this would mean that maximising the first would be the same as
maxisising the return in an environment of certainty.

Considering the methodological statement adopted here, this function must
be viewed as 1 game rule, accepted by those who actin [i nancial markets following
“rational expectations™. As a matter of fact, 1o one can prove that they actually
have a quadratic utility function or any other formula. Therefore, admitting the
following

UR) = (+b)R +DR%, .
yields
FBJUR)] ={(1+b) p+b (02 + p.z).

where -1 < b < 0 for a risk-averse investor (i.e., an individual for whom
marginal utility of return is always equal to, or greater than, zero at any pint, and
is also a decreasing function in R).

Every time E|U(R)] is held constant an indifference curve is obtained. Plotting
the family of indifference curves in the axis Es, one of these will be tangential 10
(he efficient frontier, determining the puint the investor chooses.

Therefore, every rational individual who is risk-averse and optimises his
expected utility of R, invests a part of his wealth in meney and another part in
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bonds, even if he is sure that his interest rate forecast will not fail, as Leontief
suggested. This is the well-known separation theorem. This holds, provided that
the existence of risk is recognised {1.e., even such sureness is always subject to
the possibility of some error) and the hehaviour of individuals is risk-averse.

At the tangency point, the angle coefficient of the straight line equals the

derivative of the indifference curvez,

T X2 Og
Oy -{1+b}2b-x21
thus
: I
(2} Xp = ——— [(1+b)/2b].
2 2.
r +G'g

I is concloded that, cetens paribus, the proportion invested in bonds rises
with the interest rate (since dx,/dr > 0). If x5 rises, then the share of money in the
portfolio (1-x,) decreases —i.e., money demand for speculative motives decreases.

Tobin analyses the effects of the reduction of risk, everything else
beingeonstant, which meets the arpument of Leontief with regard to investors’
learning bmcess. If the behaviour of monetary authorities — throngh declarations
and market practices — reduces uncertainty as regards interest rates, then g
decreases, which has the same effect as an interest rate increase, that is, money
demand decrcascs (see the expression of x5).

The-aggregatiml of individual demand funclions gives rise 1o overall money
demand. Though this function was not explicitly indicated in the article, it can be
shown here based upon the elements contained in Tobin's article and taking into
aceount his concept of wealth as 2 sum of monetary assets with nther assels, subject
to the so-called portfolio equilibrium principle (Tobin, 1955). This principle states that
the community breaks down its wealth into real capital {possibly financed through
bonds) and monetary assets in a way that this composition satisfies the community
and, in a context of stable prices, no demand excess exists in any of thesc asscls.

Let W stand for total wealth, i.e. the overall portfolio comprising immediate
means of sctﬂemel}t (ie., assets in the form of liquidity, denoted L,) and bonds (B):

* For more details, see Barala aopd Variz . “Demand for Money and Risk™, {2000), hitp://
www.iser ull pliciel/pupers
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W=Lg+B.

Then W =Io+ ) W, and
(3) Ta={(1- x9) W.
Replacing the share of securities in the portfolio with the respective value at

the point where the efficient Frontier is tangent to an inditference curve yields:
r

(4) Lp={l- [-(1+b)/2b]} W.

2 2

This function can be proven o be downward sloped and concave. This
curve almost crosses the interest rate axis atr =0 and crosses the money axis at
1=W (when r squals zere). Therefore, this tunction differs fromthe Keynesian
function L(i), which at no point coincides with the money axis (hi'stead, it tends
asymptotically to the line of the minimorm intercst rate).

It should be noted also that the theory of Tobin was criticised, as it assumed
a concept of money as 4 non-income-raising asset, hence excluding guasi-money.

1 2 _ The missing liquidity trap principle

Ag 1 foundation for the keynesian raoney desnand for speculative motives,
hased on the portfolio cheice principles, the theory of Tobin was incomplete,
since it did not allow the correct study of the elasticitics. He calculated and
analysed Lhe elasticity of the demand for securities, with the following cxpression

(o2 - 122 +og?D.

The latter form is simple and does not depend on parameters ar variables
other than 1 and O, If one assumes that r <Gg, which helps to determine the sign
of elasticities. This assumption is quite realistic, as the volatility of notainal intercst
rates is generally high.

From-here Tobin concluded that the demend for bonds is less elastic for
higher interest rates than for lower ones. Indeed, this elasticity is always smaller
than one and tends to 1 when the interest rate becomes close to zero. However,
this does r1ot scem to allow for conclusions OB the validity of the keynesian principle
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that the preference for liquidity presents high elasticities in the low interest zone,
which is contrary to Tobin’s remarks at the end of his article.

The elasticity of Tobin’s money demand function with respect to the interest
rate (rccall that Ly=(1-x,)W ) is

ng -r2 1+b r

Ebz.l‘= aLQ/arrszz- & YW
(" + 05"’ 2b (1-x)W

from which results, given r = x{(r® +og'2)[-2b/(1 +b)] from equation (2),

(5) ELz,r = -
e+ sgz) 1-x3

Replacing X by its value gives rise to the alternative expression
kY

L§

(og2-r2) ar

(6) Bl,r=-
«* +0g’) +0p - at)

with a = -(1+b)/2b > 0.

Indeed, the analysis of the elasticity function, in its alternative forms ({5) ‘-u‘r
(6)) leads to the conclusion that when r tends to zero this clasticity also becomes
close to zero. This is more easily conveyed by (6).

Therefore it becomes apparent that this reasoning will not provide a conclusive
appraisal of the validity of the keynesian principle, according to which money
demand elasticity in;the zone of lower interest rales is very high.

When  tends th a given intermediate value, midway to its maximum value Oy
(or in its neighbourhood), elasticity converges to -1: this is shown by calculating
the limit of (5) when r tends to G, +/2%; —1. Finally, when 1 tends to o, clasticity
tends again to zero.

In effect, the analysis of function (5) and its derivative (which requires
some burdensome algebra, avoided here) shows that the absolute value of this
elasticity, when r ranges between zero and Oy starts at zero, peaks {or intermediate
levels of interest rates (this peak may cxceed 1, depending on the value of a),
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decreasing afterwards until zero, the latter being its frend value at the point f
reaches the neighbourhood of o, Its image resembles an inverted U over the r
axis. ;
Therefore, this is not the correct approach to elasticities growing ad infinitnm
in the zone of low interest rates to which the traditional keynesian theory refers
and the liquidity trap principle is missing in Tobin’s theory.

3. The demand for money as financial asset.

3.1 - The liguidity preference above a minimal intcrest rate

First of all, one must ubserve that the concept of money strictu sensu
(aggregate M, diat is, cash plus demand deposits) is the most obvious, but not
necassarily the most adequate nor is it an imposition resultng from any sort of
irrevocable theory. However, the same applies much more to the enlarged concepts
ol momey, since they include assets not immediately liquid and were introduced to
meet monetarists” need to find variables that lend support to the postulate/hypothesis
of “monetary variables stability” in the context of econometric researches
(apparently, this is why aggregate My was replaced by My, since the latter delivered
the results predicted by their theory).

Nevertheless, it could be argued (hat nowadays, it is broader monetary
aggregates that are most widely adopted by central banks. The crucial aspect is
that assets included in the money concept are tisk-free, that is to say, they are
subject to no capital losses due to interest rate changes. This is what currently
occurs, even when adopting aggregate My and the broader aggregates as used a
decade ago.

So, to meet the present statistical practices of central banks, one must use a
broader monetary aggregate and this implics reformulating Tobin’s theury.

One must consider that in a modemn economy, there is an amount of financial
funds coming from savings and credit that are applied to finance physical investment
and financial investment. Financial investment is composed of several securities,
bank deposits and cash. Some of these assets produce income (e.g. dividends, interest}
and may have market risk {us a consequence of the volatility of their quotes) and
othets, such as cash, and most demand deposits have no income and no risk.

Let us take M, (cash plus total bank deposits) as the concept of money
aggregate. Thus, we are dealing with a financial asset yielding some income, since
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time deposits raise interests, and there is no market risk. One part of this aggregate
is destined to purchase goods and services (transactions in the economy) and the
other part is a financial investment, since its destination is to buy securities when
this operation is considered worthy by investors, or it is kept liguid until they
judge the right moment has come. They take this decision considering the level of
interest rates in the market and their evaluation of the prices of securities and
expectations of changes. The last part of the agpregate is the demand fog Money
as financial asset. It is eq'uivalcnt to Keynes’ speculative motive for liquidity
preference. .

We shall detive hereafter the function of the demand for money as* finandial
asset. We consider all the financigl assets in the economy grouped in three sets:
money (M), equities (E) and bonds (B). Money has no market risk and yields
some income, which is the intcrest of deposits, Equities and bonds have market
risk. In the set of bonds, those issued by caterprises and thosc issued by the
Government, as well as Treasury Bills, are included. Usually bonds have a smalier

market risk (denoted oR) than equities and also a lower rate of return {denoted
Rp). Some have their interests indexed to a market interest rate and Treasury Bills
have no risk. So, in the plan (E(R), &) — where E(R) or R denotes the rate of
return expected values — the locus of the investment opportunities in F and B is
& hyperbole, going from B w1 E {see Fig. 1), as it is known in the portfolio theory.
As investors also have the possibility of inyesting their funds in time deposits,
which compuse My, there is an asset without risk. In this case, the porifolic
theory also shows that the new efficicnt frontier is the segment of the straight line
tangent to the hyperbole, from Ry until the efficient portfolio a. We assume a
quadratic utility function, like that of Tobin, with the Testriction that R>i.,, where
I 15 @ very low interest rate (to be discussed in the next section). As is known
from the literature concerning Tobin's scparation theurem, the investors equilibrium
portfolio (p) is given by the tangency of an iso-utilily curve and the straight Line
efficient frontier in the point (R, o).

Let us study the problem algebraically. The equations that will determine the
efficient frontier are: '

1 ﬁp =xp R + (Q-xpp) Ee
M) 6y = (Lxyp o,

where R, and G, denote, respectively, the expected rate of rewurn and the risk
measure of the efficient portfolio ¢; xpp+x,=1, with xpg the fraction of the total
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financial investment placed in money and x,_the fraction invested in the efficient
portfolio e (composed of equities and bonds).
Taking equation II'), we derive i

O'p ;

M = 1- .
GB,

replacing this expression in equation I'), wé obtain the straight line (see Fig'.l):

Rp= Ry +( Re-RM) /061 0

Considering that the detivatives of the iso-utility curve and the efficient frontier

are equal in the tangency point, we have

(1-xp) O Re-RyM

b

(1+b) /2b- xRy - (1xv) Re G

E(R)

Op

Fig. 1: Efficicnt frontier when money yields income
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Letus denote with i the interest rate in the market, corresponding, [or example,
to the market money rate for a period of 90 days, as this term may be considered
reasonable to forecast changes in expected interest rates. Considering that Re
is higher than i, because it incorporates a risk premivm (denoted 1p ), we may
write Re = i +1p. On the other hand, as most assets included in M2 do not
yield interest and that the structure of this aggregate changes when interest rates
rise, we consider that the relationship between its interest rate RM and i is not
linear and respects proportional refationship. Let us pose RM=ui , with o«<l. To
simplify the resolution formula, let us denote Re - RM = u and (1+b)/2b=a
(remember that a<0) . Note that u = (1- )i + rp and du/di=1- o. .

Thus, resolving the last equation, we nbtain

, 5
% +au+ Re

JCM:
, =
Ge” - RMu 4 Rey
hence .
O +u (a+i+r,
¥ 2 z
Se +u

The derivative dxy; /d i (with & too long formula) is negative as i increases.
Let us examine the following derivative:

d xp L(1- o (ati+ Tp) +ul{oe ? + u2 Yo 201 ) [oe ? + n {ati+ IP)]

‘di- ' o t632+.u2j2
This formula is negative if, and only if
2 2 2
[ (1- o) (ati+1p) +wl@ 4y te 20 (1- ) [0 "+ 4 (a+i+ rp)]-
After a bordensome ;;lgebra, it is concluded that this inequality is true, since

it is eguivalent to -
i

Rel@ op2u0(-0 1 -RM- 24 (1- q) O

Ja| >
(1-a) (1-2u)
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and this is true because the denominator is positive (¢t and 2u are less than 1) and
the numerator is negative — because, among other obvious reasons, [(2 @)- 2u
1-o) ] < 0 since 0t—2<0, which guarantees u>( 0.—2}/2(1—a)

With that derivative negative, the fraction of M2 Xy in the global portfolio
of financial investors will decrease as 1 rises. s

Let us examine graphically the effect of a rise in the interest rate of the
market, i.

In Fig.2, it is supposed that an economic growth and productivity increase
had caused company profits to rise and this, in turn, caused R g to jump. In order
to slow this potentially inflationary situation, the central bank decided an interest
rate increase, in order to “cool” the economy, which provoked a rise of B Rz- S0,
the frontier hyperbole moved upwards (tu the thick shape). The interest rate of
money increased also. The tangency with a higher iso-utility curve of investors
dztermined a portfolio with a higher expected rate of return (ﬁ’p) and a higher
risk too (U’P), as a consequence of effects of iIncome and substitution.

So, considering that

Gp £y
ANV = 1- 3
e
E!
ER}
E
R‘p ¥
e
AWy o
Ry B
Ry
Op c’p g

Fig. 2: The cffects of a rise of the Interest rates Ry and Ry
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in such a situation, with an increase of Op and a decrease of G, , M decreases,
and the same happens with the demand for money as financial investment, denated
Ess

Let us consider the national wealth, noted W, computed with the formula Y/
i, where Y is the national income. Assuming that the investors place in financial
investments a proportion v of W, their global portfolio values v W. Consequently,
the demand for money as financial investment amounts to

Lp =xpvW.
Replacing Ly by its value derived above,

2 .
9¢ +Blatitn;

Ly = - v W,

2

2
Oe + u
Replacing u and W by the variables they express, we obtain

; Gez+[(1-oc)i.+r,,](a+i+rp) "
M “lp= v—
o’ 4 [(1- )i +1,] i

Asdl,/di=v{dxy/di . Y/i+d(YAYdi Xpp)- this derivative is negative,
which means that L is decreasing. The second derivative is positive because the
opposite hypothesis leads to a false conclusion, as we shall show hereafter. So the
function is concave upward (see demonstration in Appendix).

3.2 - The zone of the liquidity trap principle

Until now, we have not put any restriction on the value of the interest rate
and have not questioned the possibility of its reaching zero. The portfolio theory
of Tobin ignores this point. So, uniquely based on this theory, the I_Q'curve may
cross the abscissa axis. This means to ignore the keynesian theoretical problem of
the zone where elasticitics of L, are infinite, that is, the liquidity trap zone.

Keynes argued that a minimal interesl rate exists, because when one lends
money he has, at least, to be paid for the risk of default. Otherwise, nobody would
lend money. Beyond this argument, one must consider that it makes no financial
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sense to nave interest rates decreasing until zero. Considering that a fixed-rate
bond’s price equals, ceteris paribus, its interest divided by the market interest rate,
if the interest rate tends (o zero, bond prices in the stock market are boosted
immeasurably, tending to infinitum. No investor in such a situation would refrain
from selling his securities to make fabulous profits just before the interest rate
arrived at zero. The only remaining issue would be to identify the purchaser, since
hardly anyone would continue to forecast fusther interest rate reductions. This
purchaser could be the banking system, if it were devoted to lowering the rates by
purchasing bonds in open market operations. However, in this case, from a given
interest rate level i, all investors would already have sold their bonds to the
system.

This means that, as Keynes admitted, a minimum interest rate does in fact
exist (noted i_). It is that which speculators already consider being so low that
that it becomes worthwhile to sell all securities in their portfolio and collect all
capital gains. This is when x. becomes zero and all financial wealth is kept in the
form of money.(equities would no longer be a financial investment, they would be
kept merely as representing the property of enterprises). |

This i1ssue implies that investors’ utility function has to be re-formulated so
as 10 lake o account the above-mentioned behaviour of selling all bonds when
iy is reached.

Indeed, equation (2) shows that, given a significant interest rate, when it
equals a very Jow level i, x, only becumes zero with b=-1, which is not possible,
because b was assumed to be smaller than 1. In this situation, the expression of
the quadratic utility function U(R) should equal zero and not only when R=0.
Therefore, its form shouid be:

(1+b) R +b R, for-1 <b<Q and R>rppy;
UR) =
0, forR < rpy

As stated before, concerning Tobin’s U(R), this function may be viewed as
a game rule, accepted by those who behave in financial markets following “rational
expectations”, since no one can prove that they actually have a quadratic utility
function.
~ As for the demand for money for financial investment reasons (the speculation
motive), taking income as the scale factor yields:
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(12)Lp=

2
[ Te +[(1—a)i+rp](a+i+rp) Y
v — for[> iy,

o’ + [(!-a)i+rl,] .

vW forigip,

This function does not tend asymptotically to the horizontal line starting at
1 Instead, it merges with this line straight from the point where the initial curve
crosses it up to the vertical line, beginning at vW. When the interest rate iy is
reached, all financial wealth is in the form of moncy and for any value of W it is =
vW. Therefore, the demand curve has a section that is perfectly horizontal for

i =i, as shownin Fig. 3.

T

woo L

Fig. 3 : The demand for money —financial investment

This curve leads to a typically keynesian demand for money, because if
money supply intersects this horizontal section, the liquidity trap will indeed occur.
However, we must remember that Keynes wrote, in The General Theory, chapter
15,01, abaut the sccond feasan for the existance of i (liguidity preference may
become virtually as a consequence of tou low interest rates)3, that “whilst this

3 If the real interest rate is used, it may be negative sometimes, when there is inflation and
monetary illusion. In that case, z positive i near zero only exists without monetary illusion.
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limiting case might become practically important in future, I know no example of
it hitherto”. [

4. Econometric findings and elasticities

Finally, the last issue deals with knowing the effect of clasticities on overall
money demand, M, = L; + L5, where L, is the transactions motive demand for
money and L, is the financial investment motive demand for money.

It shounld be noted that, according to mathematics textbooks, the elasticity
of My is

EMai=Eri1i In +Epp; L2 .
Md Md

Bearing in mind the theory of money demand for transaction purposcs of
Baumaol (1952) and the money demand function for speculation reasons given by
L, =xp v Y/, the Keynesian money demand in terms of real assets gains the
following form:

{13) Md=kP"'Xi + xpqvX,
P i
where X=Y/P and ¥ gencraliscs thc Baumol hypothesis of the coefficient %2,

being O< vy <34,
The elasticity of the function M /P is

dMdip i L/P dxpm X

R +U(_-XM} .
di  Mdp Md/P di Md/P

Examining this formula, we conclude that its absolute valne may not usually
be very high. As a matter of fact, ¥ is smaller than ¥ and I3/ My is lower than 1;
the term XMd/P is the velocity of the circnlation of money; this may be high, but
it comes multiplied by values with an absolute value which is usually low (v <1; 0
= Apg =1; d xp4/di<0). The absolute value of the derivative becomes high only
when i is high and in this case xy; approaches 0.

What kind of behaviour does this elasticity have when i becomes very low?
As x4 approaches 1 in this sitvation and the absolute value of the derivative of XM
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becomes very low (it is concave), the elasticity becomes Tower. So, this is the
opposite of what Tobin expected and stated in his article (1958). These are
theoretical results. Let us see what happens with econometric estimations.

Instead of the model M=1,+L, suggested by Keynes as a simple approach,
we decided to use InM =InL; +InL, because it is more feasible to estimate 2 log-linear
model. For L; the Cambridge equation was used, since the Baumol model would
imply co—lineaﬁty of the intcrest rate used with the same variable used in L. The first
step was to transform gquation (7) in order to obtain a multiplicative model. Posing

A=a(l-o) (2-0)r

B=(l-o)

C=02 ar + 2 = 3

DzzﬁaJS 12_pr»' m
E=0'32+rp
Equation (7) becomes
C{A/C i +BICiZ+ 1)
(7" L = — vPX
EBYEiZ +D/E i+1) i

£y

A

After the following variable transformation, we obtain:

(A/C i+BICi2+1) =2 + i+1)
(BYE? +D/E i+1) i =(i2 + i+ 1)},

and, with A=A+, ,
8) L, =CEG+ i+DAvPX

Considering Ly /P= kX and multiplying it by equation (8) divided by P the
log-linear model is

f
(9) InMd =In(k C/Ev) + BInX + A InR
I P
[ =
with R=(i% + i +1).
If the Cambridge equation holds, the f value will be 2, otherwise the
generalised model of Baumol will prevail.
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Using Portuguese data collected from lang series provided by the Bank of
Portugal (1954 to 1993), the model was estimated through the cointegration method
of TSP, First, 2818 was run, using InM as a dependent variable and the constant
term, “time”, veloeity of circulation of My, investment, logarithm of nominal GDP
and inflation rate as instrumental variables. The interest rate data concemn “‘total
public debt”, since it is the only data available for the whale period. Two dummies
were included: D1 for the colonial war (1962 until 1974) and D2 for the 1974
Revolution (effects from 1974 until 1986, the ycar of Portugal’s entrance to the
EU). The first step with 2518 was justified in order to avoid problems concerning
seemingly unrelated regressions. The best result for the long run estimation with
QLS was:

1n M! = 5,036+ 1,385!nX - 0,65310R - L475InP — 0.165D1- 0,162D2
cotBic | 438 134860 204 2789 <321 442
Adjusted R-squarcd = 99.55%

. Durbin-Watson = 2.328 [.553,.979] %
The best result with 2SLS was:

In % = 0,937InX - 2.853lR - 1.147lP - 0,162D2

t-statistic 33901  -449 -65,60 -3,05

Adjusted R-squared = 98,9%
Durbin-Watson = 2.31299 {,437,.987]

Tests? have shown that real money and real product have unit roots and that R
(computed with real interest rate] is stationarys. Real M, real M, and real GDP are
cointegrated.

A third step of the estimations was to compute long run and short run estimator

values in the same regression. The best results wered

4 The Autharis'graicful lv Ana Cecilia Campos for cointegration s, made in the framework of a research
[inanced with a schotarship granted by BCT tarough CIEFE.

5 See outputs in “outpul_Md.doc”, htipfwww.iseg.utl.ptfciel/papers

§ 4" means a significant acceptance level at 5% or less.
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Method of estimation = Qrdinary Leasl Squares
Dependent variablc: AlnM1/P

R-squared = 744296 Durbin's h = -3.94826 [.000]
Adiusted R-squared = .694805 Dusbin’s h alt. = -2.0148G [.044]
Durbin-Watson =.2.41552 [.556,.995] Breusch/Godirey LM: AR/MAL =
4.05940 [.044]
Brensch/Godfrcy LM: AR/MAZ = 2.93969 [.230]  Breusch/Godfrey LM: AR/MA4 =
! 16.0641 [.003]

Breusch/Godfrey 1.M: AR/MA3 = 14.1189 [.003]

Estimated Standard

Variable Coefficient Error t-statistic P-value

InX 661137E-02 30692502 | 2:15781 * 039 ¢
R 122411 321753 280451 [.706] *

1nP - 051622 Q15093 -3.42027 ¥ [002]

D1 034597 039138 - 883959 [.384]

D2 _279520 048202 .5.79891 *  [,000]
AlnMUR gy | -461211 149044 -3.00446 +  [.004]

Uiy, - 271885 148089 11.49832 [.144]

As U = l'CSidliE}] of the SLS equation, its value is minus the second member
of that regression In T Comgputing its expression and replacing it in the last
regression, we obtained:

in % = 0.2758InX - 0,15731R - 0,3935I0F - 0,5927Im(M-1/M-2) - 0,0444D1 - 035922
t 1,7536
{p=0,0206)

The statistic was computed manually, taking the variances of the involved
parameters and shows that the elasticity of real demand [or money is significantly
lower than unity. ¢

These results show that the model fits well to the collected data. The elasticity
of real demand for ﬁaoncy with respect to the real interest rale is —0,157x2i+1)(1/
R). For low interest rates, let us say 1%, this elasticity has the value of -0,0018.
This is a confirmation of the previous theoretical analyses, in which we concluded
that for low interest rates the demand for money is rigid. These results are like
those obtained by Goldfeld.
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Only at the level of the minimal interest rate does the elasticity suddenly
become infinite (the theoretical liquidity trap principle). .

Goldfeld {1973) used multiplicative models to specify these functions and
presented a remarkable study containing several experiences of econometric
estimations based on quarterly data for the USA from 1952 to 1972. The estimations
of Guldfeld made use of monetary aggregate M |, whilc taking income as the scale
variable, For the Keynesian-type function, Goldfeld reached an elasticity of -0,019
with respect to the interest rate on commercial paper, and 0,045 for the interest
rate on time deposits (cf. op. cit. p.193). These results were -0,015 and 0,038,
respectively, in the case of the monetarist specification.

Judd and Scadding {1982), through & comprehensive revision of literature
on this matter from 1973 onwards, give information on the resuits of numerous
published works. Results are similar to those of Goldfeld. For instance, in the
most recent research among those cited — the regression in the work of Kimball
(1980) — the elasticity of M with respect to the interest rate on Treasury bills is -
0,019, being -0,038 for the interest rate on time deposits (Judd and Scadding,
pp.1016-1017).

Boughton (1982) cstimated for the USA a maltiplicative model similar to that
of Goldfeld, adding to its arguments Tobin’s “q “ (i.e., the relative price of capital
gbods), with quarterly data mnning from 1952 up to 1978, and found an elasticity
of ~0.012 for commercial paper and -0,013 for time deposits.

Mehra (1992) estimated a post-keynesian model like that of Goldfeld, using
cointegrating regressions, with USA data; his resulis show that the clasticity of
M, with respcet 1o interest rate varies from -0.05 to -0.29 (cf. p.15). |

Given this wide range of results, we may conclude that real money demand
clasticity with respect to interest rates is substantially smaller than one, the function
being particularly inelastic. As a consequence, the central banker knows that it is
afficient to control the interest rate thruugh manipulations of high-powered money
in the open market, even for the lowest interest rate levels.

5. Conclusion

In the ptevious sections, a money-demand function was derived in the light
of the optimal portfolio choice theory. Results which confirm the shape of Keynes’
L, were found, but not the high elasticitics in the zone of low Interest rates.
Instead of a curve of L, tending asymptotically to the straight line departing from
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i the curve merges with this line at a certain point. The liquidity trap case would
occur only on this straight line. Thus, monetary policy on the basis of open market
operations is always efficient for interest rate manipulations.

"The probiem of knowing whether the risk measure used in this approach is
a good interpretation of the keynesian uncertainty concept was considered. We
think that a theory based on Tobin’s principles appears to be at the same time
compatible with Keynes® analysis of speculative behaviour, in a more operational
context than that which fundamental uncertainty could offer, and most likely to
provide a more realistic theoretical framework, although his analysis was
incomplete.

Econometric estimativns of the demand for money function, with the derived »

post-keynesian model, were made with Portuguese data, using the method of
25LS (instromental variables), followed by cotntegration. The results confirmed
the theoretical analyses and has provided a rigid function with respect to the
interest rate.

APPENDIX

Demonstration that dszfd i s negative.
As a matter of fact,
A% 4/d 12 = (@ /A 2. YA + d(Y/iVdiLG xyp /d 1+ YAV 3y 0+ d xpg Ad i
A(Y/A)d)
=Y (% /1204 -2 /2.8 %5 441 42 P.xp), noting that
d(Y/iydi=-Y/i% and d2(Y )/di% = 2Y/3 .

Let us suppose that dzlﬂfd i2<0, that is, 1.5 is convex upward. As the
second and third terms within the brackets are positive, dzxM /diZ has to be
negative and with an appropriate absolute value, in order for this hypothesis to be
respected. Then, as 0< xM < 1, resolving the inequality with respect to XM,

APL,/d 1240 = xpq < 12(- doxpg A 2. T 42 d xpg A 1),
with the first teﬁm within the brackets supposedly positive and the second
negative.
When i becomes very low, approaching zero, we obtain xy; =L.
Hence, 1< i/2(- 2x /di? . i +2 d x._/d i) . Tn this situation, as L_ was
supposed convex upwardl,V[ the absolute w'aﬁl[e of the negative dx__/di beczomes
extrernely high, the supposedly positive first term, within the brackets becomes
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very low, with i approaching zero. The value within the brackets approaches zcro.
Multiplied by if2, the whole approaches zero and it cannotbe higher than 1. So the
conclusion is false and the departing hypothesis must be the epposite, that is,
dZLZId i250, which implics that L,  is concave upward.
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