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On the Fit of a Neoclassical Monetary Model in
High Inflation: Israel 1972—1990

This paper uses a money-in-the-ulility arudel 0 shose it the Iseicli skata from the
high-intlation and poststabilization periond fir well the predictions of a sunple, neo-
classical framework. Specifically. a single parameter money demand cquation that i
denved from the model lits the data much better than a Cagan, money clemandd func-
tion. The mexdtel's implicalion un the inflation-scigniorage relationshbup is consistent
with the ohserved fact thal while inllation was rising, the inflation-tax revenue re-
mained almost trendless. The labor supply equation derived from the same moded is
remarkably consistent with the real wage and employment data over the high inBation
and stabilization period. There is no evideace for the existence of a “Phillips curve”
¢mployment-inflation trade-of. After the stabilization the demand for mMoALy scems
1o shift. This phenamenon may be due 1o impravements in transaction technolegies as
well as to expecations for stabilization during the high inflation. We also shew thal
temporary fixed exchange rate-hased stabilization and “consumption boom™ in the
poststabilization period imply low levels of inflation thal arc consistent wilh the
model.

THIS PAPER USES a money-in-the-utitity model (Sidrauski
1869) 1o show that the Israeli data from the high-inflation (1979-1985) and post-
stabilization period (1985-1990) fit well the predictions of a simple. neoclassical
framewark. Specifically, a single-parameter maney demand cquation that is derived
from the model fits the data much better than a Cagan money demand function. The
fatter does not fit well low- and high-inflation periods at the same time, and there-
fore, may erroneousty indicate that money demand is not stable. The modcl's impli-
cation on the inflation-seigniorage relationship is consistent with the observed fact
that while inflation was rising, the inflation-tax revenue remained atmost trendless.
This result contradicts the Cagan-type money demand implication of being on the
“wrong side of the Laffer curve.” The labor supply equation derived from the same
model is remarkably consistent with the real wage and employment data over the
high inflation and stabilization period. There is no evidence for the existence of a
“Phillips curve™ employment-inflation trade-off.
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The congruity of the evidence with a neoclassical monetary model suggests that
the policy implications of the model are to be taken seriously. In particular, (1) in
order to stabilize inflation it suffices to set the expected present valuc of the govern-
ment budget deficit (including the central bank) to zero. (ii) There is an immediate
welfare pain associated with the stabilization which is estimated (o be in excess of 5
percent of GDP in the Isracli case. (iii) There is no evidence to support the view that
stabilization is associated with a loss of output (due to increased uncmployment) as
would be implied by a Phillips curve,

After the stabilization the model overpredicts the demand for money. This phe-
nemnenon has been observed for other dis-inflations and may be due to improve-
inents in transactions technology as well as to expectations for stabilization during
the high inflation. Temporary fixed exchange rale—based stabilization, “consump-
tion boom,” and low inflation in the poststabilization period are also consistent with
the modei.

The consistency of the Israeli data with the neoclassical monetary model strength-
ens the view presented in Sargent's {1986) classical paper, “The End of Four Big
Inflations.” There Sargent argues that under rational expeclations, with credible sta-
bilization programs, a rapid reduction of inflation rates has very small real costs {if
any). Some increases in uncmployment rates can be traced to the disruption of eco-
nomic activity during the final phases of the rapid inflation, or to political events,
but not to the stabilization per se.'

The fact that seigniorage is not increasing during the acceleration of inflation is
common te all inflationary episodes [see Bental and Ecksiein (1990) and the litera-
wre cited there]. Sargent and Wallace (1987), among others, argue that this phe-
nomenon can be explained by models in which any given feasible meney-financed
government deficit is associated with two steady-state inflation rates.? This last fea-
wre of the theory rationalizes in the opinion of many the need to use “heterodox™
policies when stabilizing an inflationary economy; only measures such as wage-
price freezes and fixed exchange rates will bring the cconomy to the low, cfficient
oot

The possibility of multiple steady states is related 1o the issue of the stability of
the behavioral refationships during the inflationary process and across regimes. An

L. The lack of any major macro disruptions notwithstanding, Sargent noles that “1he German inflation
was far from ‘neutral” and Lhat there were impostant ‘real effects” {p. 94). Garber (1982) demonstrated
that there were significant sectoral shifts in Germany in the wike olPlhe stabilization. In particular, the
prive distortions during the inflationary period causcd labor 1o fow into the investment goods sector in
that period. and into the consumpion poods sector afler stabilization. Wicker (1986} uscs the same evi-
dence for Austria and Hungary that Sargent used in an allempt Lo argue that Sargent’s interpretation of the
cvidence is wrong. That is, there were severe employment clfects of the stabilization programs. How-
ever. most of these effects can be traced to reductions in government and financial scclor employment.
Végh (1992) looks at nine episcdes and arrives (o similar conclusions.

2. Marcet and Nicolini {1996) show how recuerenl episodes of inflation can occur in a multiple-tool
madel with leaming.

3. For example, Bruno (1989) claims that: ™if . . .lhe cconomy was at a high inflation equilibnum,
and if. in fact that was a potentizlly stable cquilibrium, then it is no wonder that a fall in the budget
deficit, without any accompanying measures (hal would mike the synchronization of nomiral magni-
wudes al a credible low rate of devaluation and wage-price inflation, could shift the economy 10 an even

higher rate of infation . . . {p. 294).
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important motivation of Cagan's (1956) classical estimation of the demand for mon
ey during hyperinflation was to provide evidence in favor of the existence of a stablc
money demand. However, the extensive empirical work that followed conclude
that the demand for money is ot stable.

The mode! here combines Eckstein and Leiderman’s (1992) adaptation of money
in-the-utility model to the Israeli economy. We extend the model to an open econ
omy with traded and nontraded goods (Drazen and Helpman 1987) and we add the
choice of labor supply. Specifically, we have a representative agent model with in
tertemporal utility maximizatton. Every period utility is derived from the consump
tion of an aggregate consumption good, consisting of a traded and nontrad
component, real balances, and [eisure. The inclusion of real balances in the utilil:
function represents the transactions services provided by money.* '

We formally demonstrate the following points:

i. A single-parameter standard money demand equation that is derived dircetly
from the ncoclassical model fits the data both during the inflation and after the stabi
lization.?

ii. The model fits well the observed seigniorage-inflation relationship during th
inflation. In particular, it is consistent with the fact that seigniorage displays hardly
any trend while inflation increases dramatically. There is no need to appeal to the
multiplicity of stationary equilibria to obtain this result. The fact that seigniorag
stayed constant while inflation more than tripled does not provide evidence agains
the neoclassical theory or against models that possess a unigue stationary equilibri
um.®

{ii. The data fit very well the labor supply relationship implied by the mody
across regimes. In particular, there is no evidence for any inflation-employmen
trade-off. As can be scen, the turbulence of the inllation rate depicted in Figure 11
not reflected in the behavior of the labor supply.” Figure 3 depicts the behavior of the
labor supply which is measured as the share of total available time that an averap:
housebold spends working. These observations imply that high inflations and they
stabilization do not have real output effects.®

iv. Using the estimated parameters of the wtility function of the representaliy
agent, we provide an assessment of the welfare loss associated with the Israeli infl

4. Ttis well known by now that all models that include transaclions services of money (for example
McCallum 1990) are equivalent to the Sidrauski model of money and growth

5. The poststabilization velocily remains “'too high” (see below ).

62 Eck_slein and Leiderman (1992) have demonstrated this point, as well as the Tuct that the Cap.
specification does not fit well the inflation-seigniorage association in the data, Specifically. the Cag.
specification implies unbounded velocilies as inflaticn increases, The data indicates that these velocil
remain bounded (see Figure 6). Related o this, the Cagan specification implies an inflation-tax Lt
curve,” while the dala displays no such relationship {see Figure 2)

7. Other measures of the labor supply such as labor force participation. employment rate per hous
hatd, or unemployment rate alse show no evidence for the existeace of low [requency trade-ofls betwe.
inflation and these measures.

8. 1t 3s well documented by Bruno (1993) that periods of high inflation are typicatly characterized |
low per capita growth rates. Garber (1982) and Wicker ( {986} report on the growth of the banking sect.
during high-inflation periods and its contraction after siabilization. [sracl witnessed a similar develu
ment. See alsa Melnik (1995) and Aiyagari, Braun, and Ecksiein (1995) for further discussion.
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tion. At an annual inflation rate of about 20 percent the loss is equivalent to abou
percent of GDP, while at the peak of more than 400 percent (annually) the ¢
reaches about 10 percent in terms of GDP.?

Despite the remarkable success of the simple model, there are many details th
require refinements. One such réfinement concerns the poststabilization velocil
Similar to what has been observed after stabilization in other cpisodes, the demar
for real balances after the Israeli stabilization secms to fall short of its preinfiatio
ary level (at identical inflation rates). This phenomenen may be due to a posit:
probability assigned by agents throughout the inflation to the possibility that stal
lization will occur.

In addition, we show how the model can be adjusted 1o consider the common
obscrved attempt to maintain low inflation rates by controlling the rate of nemin
devaluation. Taking the actual poststabilization growth rate of GDP and the “co
sumption boom,” as well as the rate of money expansion and the rate of devaluati
as given, we show that the model predicts an inflation rate that is close 1o the persi
lent poststabilization annual inflation rate of 18 percent. In this way we confirm th,
the meney demand iniplied by the model fits well the poststabilization data.

The rest of the paper is organized as follows. The next section provides a brix
review of the lsraeli inflation story. The model is presented in section 2 and empir
cal implications on money demand and labor supply are presented in section 3. Sct
tion 4 looks at the implication regarding seigniorage and section S at the welfu
implications. In section 6 we analyze the role of expectations regarding stabilizatic
in explaining the poststabilization “shift” of the moeney demand. Section 7 analyz.
the exchange rate stabilization period and section 8 concludes.

1. THE ISRALLL INFLATION: A BRIEF HISTORY

The story of the Isracli inflation episode has been described by many (for exan
ple, Bruno 1989), and here we provide just a broad outline.

During the 1970s inflation increased from the previous levels of less than 10 pe
cent annually to double digit levels. The first significant acceleration occurred
1978, following a major tiberalization of capital controls and the institution of fo
eign exchange indexed accounts {the PATAMs), These developments, which wei
not accompanied by any fiscal steps, brought about a major asset substitution aw:
from unindexed assets. Thus, the inflation tax base eroded. and in 1979 infiati
rose o about 5 percent on a menthly basis without any signficiant change in w
gniorage revenues, which remained at about 2 percent of GDP. Inflation continut
its upward trend during the first half of the 1980s—it was about 7 percent month!
from the second half of 1981 to the second half of 1983, then rose to an average «
about t4 percent tll the beginning of 1985, and at the final stages (Junc 9%
peaked at 30 percent per month (see Figure 1). Seigniorage has an upward trer

9. These costs are due purely (o the reduction in real balances. Since the fnclusion of reat balinces

the utility function is an indirect measure of the value added of the transactions services provided !
maoncy, the large wellare loss represents some real inefficiencies that are created by inflation.
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only toward the end of the episode (Figure 2), The size of the primary deficit {gov-
ernment expenses net of interest payments minus lax fevenues) was constantly ris-
ing throughout the period, This can be inferred from the development of the internal
and the external debt out of GDP (Figure 4).

There were several attempts to deal with the crisis prior to the stabilization pro-
griun of July 1985, These attempts took the form of “package deals” between the
federation of labor unions (the “Histadrut”), the organization of the industrialists,
and the government, The first two parties agreed 1o mutually refrain from increasing
wages and prices and the government “contributed” by slowing the devaluation rate
and refraining from increasing the prices of subsidized goods (mainly basic food
and transpertation), All such attempts failed, as they were nat accompanied by any
corrective fiscal policies.

In July of 1985 a comprehensive government program was enacted. This program
was a heterodox one. In addition to cutting the budget deficit to basically zero
(mainly by increasing taxes and cutting subsidies, but also by some cuts in govemn-
ment consumption), the government ordered a freeze on prices of key commedities
as well as on wages, and fixed the nominal exchange rate. The United Stales pro-
vided a special aid package of 1.5 billion dotlars 1o help stabilize the economy.

Folowing this program, inflation immediately decreased to 2.1 percent, 1.4 per-
cent, and | percent per month, and it stayed at about the latter levels unti} 1992. The
national debt (both internal and foreign) decreased sharply, and the primary deficit
was (and still is) maintained at about zero, Remonetization took place following the
stabilization of the economy, but on the real side there was no adverse reaction, As a
matter of fact, the two years following stabilization are characterized by a boom in
economic activity and consumption. Corespondingly, the labor market during this
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poststabilization phase shows no sign of slackening. There is a slowdown follow
these two years, but its relation to the stabilization program is unclear.

The Israeli episode of high inflation could easily fit into Sargent’s interpretat
of the four major European inflations. All of the main features present in the !
ropean episodes are also present in the Israeli one. The acceleration of the inflat
as well as the characteristics of the stabilization programs are essentially the sa
ifor details see Bental and Eckstein (1990)]. Only data constraints of the Europ
economies prevent a formal analysis of the neo-classical monetary growth model
those cases along the lines developed below.

2. THE REPRESENTATIVE HOUSEHOLD

We view the Isracli economy as being populated by a representative housche
Every period ¢ the household is endowed with one unit of time. It consumes e
period ¢, units of a traded good, and Cy, of a nontraded good, which we assume
regarded as perfect substitutes (to simplify aggregation). In addition, the househ
derives utility from owning real balances.'® The value of the real batances is
ratio of the nominal balances held by the household, M,, and the price index 0, 1
household allocates a proportion €, of its time to labor market activities, and eny
the remainder as leisure. The household is assumed to maximize the expected v
of the discounted utility stream, which is given by

Ey 2y B'Ulcr, + ecn, MG, (1 — £),

£
1=

L=}

where B < 1 is the subjective discount factor and ¢, > 0 is an exogenous vari
that measures the subjective rate of substitution between traded and nontra
goods.!! E, is the expectations operator, conditional on all information availabl
time 0.

In addition to the time endowment that the household receives every period.
endowed initially with M, nominal units of money and b, units of interest-bea
government debt. This debt is fully linked to the price level Q. and bears an inle
rate of #, between period r and ¢ + 1. Accordingly, every period ¢ the house!
faces the following budget constraint (written in terms of the traded good).

o ¥ (Pufedcy, + (Mie) + (Qbye = (1 —aywk, + M _\lg

+ QI+ )b e,

10. The inclusion of real balances in the utility function is clearly a simplification. 1t is easy
struct a model whereby the purchase of consumption goods entails the investment of utility-redr
“effors.” If this effort is Teduced whenever the purchase of goods is done by money, we nblain our sp
cation as a “reduced form.” Sec also Feenstra (1986) for an elaborate discussion of the eguivalen:
tween “money-in-the-utility” formulation and other formulations.

1i. Qur formulation of the preferences here enables us to use the readily available aggregate
sumption in the empirical analysis. In section 7 below we relax the formulation to atlow for endoge
subsfitution between traded and nontraded consumption goods.
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Here Py, is the price of the nontraded good in terms of the domestic currency, and ¢,
is the price of traded goods in terms of the domestic currency. *? The househotd sells
its labor services for a wage rate of w,, in terms of the traded good, and pays a
proportional tax at the rate 7,.

Following Drazen and Helpman (1987), the price index 0 1s given by

Qr = Q(E:' PNI) (3)

where (-, ) is homogeneous of degree 1. We denote q, = /¢, Then, due to the
homogeneity of Q(-, ), we have g, = Q(1, Pyr/€,) = g(p,), where p, = Py/e,.
Nuotice that p, is the price of the nontraded good in terms of the traded good, which is
the inverse of the real exchange rate. Let o, = M /e, be (he real batances in terms of
the truded good. Clearly, M,/Q, = m/q(p,).

The optimal path chosen by the household must satisfy the following Euler first-
order conditions:

BEL(L + r)Q, /O Ee . MU+ DIUGN] = 1 =0, ez B). ()
(U, A1)/ UAN G, + BEL(e /e, DU+ WU = 1 =0, (ert. M) (5)
(DU + (1 — 1w, =0, (err £ (6}

The syabol U (1) is the marginal utility of x at time «. Equation (4) is the standard
aptimal intertemporal rule for the allocation of censumption, adjusted for the ex-
change rate changes. Eguation (3) represents the demand for real balances and () is
the labor supply condition. In addition, if the houschold is to be indifferent between
the traded and nontraded goods, we obtain

= %)

which follows iimmediately from the assumption that the traded and nontraded
goods are perfect substitutes. To simplify, we assume that e, lollows an exogenous
path.'* Equation (7) has very straightforward implications. The real exchange rate
changes over time like e, Figure 5 shows that despite considerable variations over
the sumple period. overall there is no clear trend in g, which is related to p,.

The gross inflation rate is measured by 0, ,/Q,, and is denoted by

W:'IZQMI”QW (8)
The nominal interest rate between period 1 — 1 and peried ¢, R,_ |, is given by

(L+ R_py=1(1+r_)m. (9)

§2. This price is represented below by the nominal dollar exchange rate deflated by the U.S. consum-
er price mdex.

13, We endogenize the real exchange rate in section 7 below.

i
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Then, if &, is known at the beginning ol period 1. we obtain from (4) and (51
(U N1U (N g, = RICL + R . (10

Equation (10) is the demand for real balances, and underhies the generation o
inflation through money creation in the economy.

In order to analyze the empiricad implications of the above madel we choose th
lollowing utility Tunction:

Oley + e MIQ, (1 = 00 = {[{c) 4 copTMMIQT — OM" — 1.t

3. EMPIRICAL IMPLICATIONS

In this section we look at the performance of the model with respect 1o mone:
demand [equation (10)] and labar supply fequation (6)]. These 1wo equations, unde
the specification (11}, imply a particular relationship between the consumption ve
locity of money and the nominal interest rate, and between labor supply and the rea
wage. The model predicts that these relationships should hold, regurdless of the pa
ticudar fiscal/monetary regime thut prevails as well as the preduction specification o
the economy. This is so because the above Euler conditions should hold in any cyun
librium and the empirical analysis is invariant with respect to the underlying struv
ture, '

14, We show inan Appendix that the model we developed above can be embedded in o general eque

libriumn framework. Accordingly, showing that the padticular first-order conditions of the consnimer prolb
lem fit the data ts consisient wiih a broader specilication of the cconomy.
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3.1 Money Demand

The parameter vy in the utility function (11) can be interpreted as measuring the
transaction requirement of money. A low value of -y implies that money is not essen-
tial in acquiring consumption. The higher  is, the more important the transactions
role of money becomes.

According to the specification (11), equation (10) takes the following form:

(vi(1 = Pledm] = R+ R), (12}

where ¢, = ¢;, + e,Cy, is aggregate consumption in terms of the traded good.
We rewrite equation (12) as

m, = [yi(k — I+ RYR]e, . (13)

Equation (12} has a natural interpretation as a standard money demand equation:
real balances depend positively on consumption with unit elasticity, and negatively
on the nominal interest rate, with changing elasticity.

There are several ways to empirically analyze whether equation (12) fits well the
Israchi data from 1970 to 1990. First we graph the actual data points of the nominal
interest rate and inverse of the consumption velocity (see Figure 6). This figure
shows a remarkable and quite stable relationship between velocity and the nominal
interest rate.'® In Figure 6 we also plot the regression curve tmplied by (12) (sce

15. Note the cluster of points that lie a bit closer to Lhe urigin. All of these points belong to the post-

suabilization cra. This is one manifestation of the decling in the money demand. See more on this paint
below,
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below) as well as the regression implied by a Cagan money demand specification
the form:

mjc, = Aexp(—aR)) . (

It is quite evident that the specification of our model fits the data much better
This is due 10 the fact that as inflation and the nominal interest rale increase. «
specification implies that the inverse velocity remains bounded by /(1 — ). In
Cagan specification the inverse velocity approaches zero. This implication seems
be counterfactual. '’

Another simple way is (o graph consumption velocity (¢, /m,) and (R ) +
and sec whether they move together as implicd by (12). Since (12) represents a b
frequency relationship it is reasonable to filter the data, using, say, the Hodrn
Prescott filter, to aveid very high frequency fluctuations in the data.

Figure 7 (using M, as the measure of money) shows how well cquation {1
which is a single parameter money demand equation, performs. In particular. -
consumption velocily (¢/m,) follows very closely R/(1 + R,) as inflation accel
ates, and down again as stabilily sets in.'® The demand for money is remarkal
stable during the entire period up to the stabilization. Estimating the value of y/{1 —
by taking the average of [R /(1 + R))/[c/m ], with M as a measure of money.
0.050 (0.014) implying a value of y of 0.048, for the entire sample (1972-199
For the prestabilization subperiod we obtain value of v/(1 — ) of 0.055 (0.0
implying values of y of 0.052. After the stabilization the demand for money sec
to have declined: the value of /(1 — ) for this period is and 0.028 (0.003), imp
ing a value of -y of 0.028 (standard deviations in parentheses).

The poststabilization reduction in the value of y may be interpreted as indicat
a structural decline of the demand for money. Such a shift may be due to the int
duction of new payment technologies such as credit cards and ATMs which -
curred during the inflationary period. However, as similar shifts have been obser
in the European inflations of the early 1920s, other explanations for this phenor
non should also be considered. One such alternative is discussed in section 6.

3.2 Labor Supply

The model developed above stipulates that households make optimal decisi
regarding their labor-leisure choice [equation (6)]. This assumption implies thal
havior in the labor market is determined by the supply of labor: any change in
real wage rate is accommodated by a corresponding change in the amount of t
altocated by households to labor market activities. Changes in the monetary reg:
or rate of inflation bear no relationship to this result. The empirical implicatiot

16. Lucas ¢1993) has a similar result for the U.S. data,

17. Furthermore, fitting the Cagan maney demand to subsamples with low inflation and to subsan.
with high infation would yield very different parameter values. This fature led many to conclixde
the demand for muney is not stable.

18. Note again the gap Lhal develops after the stabilization.
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this observation is quite ¢lear: the data should not display any stable Phillips curve.
There should be no correlation between employment and inflation. '

Using the parametric specification (11), equation (6}, which describes the labor
supply, takes the following form:

[V =l /0~ )] = (1 = 7w, . (13

Figure 8 presents the time series of ¢/(1 — £) and w,. The leisure share of time,
(i — €, is measured by the proportion of time not used for tabor market activitics
by an average houschold during quarter r.2 It can be clearly seen that ¢/(1 — £)
follows very closely the behavior of w, (which is measured by quarterly nominal
wages deflated by the price of the traded good in terms of domestic currency). The
dramatic changes in the rate of inflation during the period cannot be detected in the
figure. In particular, the stabilization of July 1985 and the wage and price freeze that

19. Sargent (1986) arpued that the end of the European inflations strongly contradict (he prediction of
a stable Phillips curve. His evidence is based on limited labor market data that could not conlront the
hypethesis that tabor supply is stable.

20. The exacl relationships used for the empirical analysis are the following. The fractien of working
time (/) is a ralio between two quantities. The pumerator is the total of quarerly labor hours. This is
computed {rom the working hours per employee per week (published by the CBS on a guarierly basis)
divided by 7 {days per weck) multiplied hy the number of days per yuarter {which we counted) and the
quaricrly number of employees (published by the CBS). The denominator is the total potential quarterly
warking hours. which is given by the total quarterly papulation at the ages | 5-65 (pubiished by the CB3)
multiplied by 16 (potential working hours per day) muliiplied by the number of days per quancr. The
quarierly wage rate is another ratio. 1t is computed as the average monihly wage of an employec (pub-
lished by the CBS) multiplied by 3 {months per quarter). Fhis is divided by the number of hours worked
pet quarter given by the working hours per employee per week multiplied by 13 (weeks per quarter). and
muluplied by the number of working hours per person per quarter (16 times the number of days per
qllhﬁﬂ.‘ﬂ.
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were subsequently imposed during the last two guarters of 1985 leave no mark o
the figure. The dramatic increase in the real wage starling in 1985 should have bee
accompanied, according 10 a “Phillips curve approach,” by a reduction in employ
ment and increased unemployment. Figures 3 and 8 de not provide evidence o sup
port this view.

The value of A/(1 — 7) can be estimated by the same method that was used earlic
for the purpose of estimating y. In particular, assuming for this purpose that 1 remiin
constant, we computed the average of w/[e/(1 — {)] over the entire sample period o
well as over the prestabilization and poststabitization subperiods. These values an
5.293 (0.396), 5.232 (0.422), and 5.508 (0.165). respectively, with standard devia
tions reported in parentheses. Using the entire sample average values for y ol 0.(48
we obtain that A/(I — 1) is 5.536 for the entire period. 5.47 for the prestabilizatio’
period and 5.71 for the poststabilization period. We notice a remarkable stabilily ¢
these estimates, and corclude that the supply of labar remained stable throughout th
1970s and 1980s despite the dramatic monetary events of the period.

3.3 Joimt GMM Estimation

The estimates reporied above were based on simpie sample averages using fil
tered data that emphasize the low frequencies in the data. These estimates are s
quential regression tesults of single equations (one for the money demand and on
for the labor supply) cach using a single instrument (a constant). Here. we jointl
estimate the Euler conditions (4}, (5), and (6, for the utility function (L1} usin
Hansen’s (1982) GMM. 2! The estimates are based on the unfiltered data. und th
instruments are a constant, the growth sate of per househald consuroption, th

1. Eckstein and Leiderman (1992} have estimated a closely related set of equations with the san
dala,
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growth rate of per household real balances, and one plus the real interest rate.
The results (with M, as the measure of money) are

$ =0.997(0.0131) v = 0.043 (0.001) 0= —0.412(0.572)
A =353.113(0.05%.

‘Fhe J, statistic for the over-identifying restrictions 15 26.70, so that the marginal
significance level is 0.001. This means that there is more variation in the gquarterly
(unsmoothed) data than the model can explain.?

As can be seen, the main parameters ('y and A) are remarkably similar to the esti-
mated values reported above. Furthermore, their standard errors arc extremely
small. These results imply that the GMM procedure “picked” the constant instru-
ment as the most important one. As for the remaining parameters, the point estimate
of the discount rate is quite high, but we cannot reject the hypothesis that the rate of
time preference is 1 percent per quarter. The parameter 6 is not precisely estimated,
and we cannot reject the logarithmic specification of preferences (6 = 0).

4. SEIGNIORAGE IMPLICATIONS

As mentioned above, economists found it hard to reconcile increasing inflation
rates with trendless (and relatively small) seigniorage levels. Here, we investigate
how wel) our model tracks the seigniorage collected by the Israeli government dur-
ing the inflationary period and after stabilization. Since the seigniorage data were
not used in the estimation procedure above, this investigation may be regarded as a
test of the model.

The Isracli government is assumed to consume cach quarter (in per houschold
terms) g, units in terms of the traded good. Some of this consumption is of non-
traded goods, and we assume (1o simplify aggregation) that the amount of the non-
iraded good the government consumes is a fixed proportion of its total consumption.
The government finances its expenditures by taxing labor income at the rate 7, bor-
rowing at home {Q b}/ €, by issuing fully indexed debt, borrowing abroad ¢,, and by
money creation. The government has to serve its debt at home and abroad. The for-
cign interest rate, r¥, is given. Only the government has access to the foreign capital
market. and therefore the foreign interest rate and the domestic one need not equal-
ize.> Accordingly, the government (per househald) budget constraint (in terms of
the traded good) 13

& + Ql(l + .",_|)IJ,_1J'€, + (1 + rf‘)d),,, = leyer + (Qrbr}'rer

+ (Mo, — Mg, M€, + &, . (16)

22 We implicitly assume here that the nominal intecest rate (R, and the wage rate (w,) are nol known
with certainty at period &

3. In a closed-economy version of the medel (where the variation of the exchange rate is not in-

cluded) the estimated parameters are very close to the ones reporied above, but the model is not rejected.

24 This is a realistic feature of the model. The private sector was severely restricted in its access o

foreign capital markels throughout the period which we examined. The capital controls are in the process
of being liberalized.

e
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We assume that the [sraeli government has the choice between two budgetary po
icies. [n one the government finances about 2-3 percent of GDP of its expenditur:
by seigniorage (defined by (Mg, — Mg, )ig), Tnthe other budgetary policy the go
ernment raises no seigniorage through money creation.

From the beginning of our sample and until July 1985 the government has chox
to be in the first budgetary regime. Figure 2 shows the seigniorage raised by mon
creation throughout the period as percentage out of GDP. As can be seen, there is
very moderate trend in this series until the end of the inflationary period, whe
seigniorage increases. Eckstein and Leiderman (1992) show in a steady-state anal
sis that a very slight increase in seigniorage suffices lo increase the steady-state i
flation rate quite dramatically. This result exists in our model as well, since tl
money demand is the same as theirs.

For the purpose of this section, we estimate the demand for money using M, ral
er than M. The estimated value of y is 0.042. We compute the predicted seignic
age as percentage of GDP:

1y, = {(M, — M,_)ieliy, il

where § denotes the estimated seigniorage, and M denotes the estimated demand ¢
the monetary base using equation (13). The actual seigniorage is computed by usii
the money base from the data. The values of y, ¢, R, and Q are taken from the dat
Figure 9 displays the actual seigniorage and the out-of-steady-state evaluation of
seigniorage obtained by equation (16). The result indicates a good fit between tl
aclual and the model’s prediction of the seigniorage both in terms of levels, mag
tude of fluctuations, and the moderate trend until 1987. Since in estimating y we d
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not use the seigniorage data in any direct way, the comparison of the actual and the
predicled seigniorage provides an additional input for judging the validity of the
model. The large gap between the actual and the computed seigniorage afterward
can be explained by the dramatic decrease of the reserve requirements (from about
60 percent in 1985 to 15 percent in 1987), which causes the model to severely over-
predict the demand for base money.

5. WELFARE IMPLICATIONS

Explicit models like ours facilitate a welfare analysis of the inflation process.
More preciscly, we can use such models to assess the period-by-period welfare Toss
due 1o inflation.

Consider the household’s wility function given by {1). The Bellman equation as-
sociated with the optimal plan states that the maximal utility the houschold obtains
can be broken down into the contribution of the current period to that utility and the
discounted expected future contributions to that wiility.

We want to compare the maximal utility the household obtains under the observed
policy of the Israeli government to a potential utility that would have been obtained
if the government were to cut expenditures and stop inflation.

Suppose that the change in policy is neutral with respect to private consumption,
real wages, and the ratio of the price index (Q) to the price of traded goods in terms
of domestic currency (€). Under these circumstances, the expected discounted value
of {uture utility must be lower under the observed (inflationary) policy. As a result,
the difference hetween the maximal potential single-period utility and maximal
single-period utility under the observed inflation underestimates the welfare gain
abtained from stopping the inflation,

We compute two measures of utility, both with y = 0.04, and x = 5.%° One is the
predicted utility. This utility is computed using the data on consumption and the
nominal interest tate in equation (12) to predict the real balances. Using the actual
consumption and leisure and the predicted real balances, we compute the predicted
utility, The second measure is the potential utility. It is obtained by computing the
money demand from equation (12), using the actual consumption data, and a real
interest rate of | percent per quarter. Figure 10 displays the single period predicted
and potential utilities. As can be clearly seen, the potential utility is higher.?

We next compute a measure of the welfare loss due to inflation. Our measure is
based an the compensation in income that is needed to make the representaiive
household indifferent between the predicted utility it obtains under the inflationary
regime and the potential utility it would have obtained if inflation were to stop.?” In
hoth cases, we use consumption and leisure as given by the data.

As can be seen from Figure 11, the required compensation reaches a peak of

25. The value of 8 does not play any role in this computation.

26 A similar picture is obtained when actual real balances are used instead of the predicted ones.

27. The equivalence in lerms of income is obtained by using the fact that consumption 35 60 pereerl
ot of GDP on average.
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about § percent of GDP at the end of the inflationary episode, and falls but remain:
positive even afier stabilization. It is important te note that the welfare cost of infla-
tion increases substantially as inflation increases. The equivalent utility loss of ¢
percent of GDP explains the urgency the government eventually felt to stabilize the
economy.?®

The welfare cost after stabilization stays high relative to the cost incusred for the
same inflation rates at the early 70s because the Bank of Israch held the nomina
interest rate at high levels, thus reducing the demand for money. Using the actu
dala in the calcutations, the poststabilization welfare loss is even higher. This is du.
to the fact that real balances did not attain thetr preinflationary levels.

As noted above, this gap between real balances before and after inflationary per
ods (for the same inflation rates) is a common phenomenon. Clearly. using the lowe
poststabilization money demand and a value of y of 0.028 in the welfare calcula
tions would reduce the estimated welfare loss due to inflation. =

6. MONEY DEMAND WITH EXPECTED STABILIZATION

To provide a possible explanation for the seeming reduction in the money deman-
after stabilization we follow the work of Flood and Garber (1980), LaHaye (1985
and Drazen and Helpman (1987). These papers studied the shift of the demand fe
money that occurs during an inflationary process in refation to the expectation

28 The stopping of inflation was the only economic goal on the agenda of the “national unily geven

ment” formed at the end of 1984,

29 1t should be noted that cven at the lower vatue of v, the wellare loss due (v inflatian obtained fro
our model is substantially higher than that found by models which are based on U S data an comparab
mnflation rates (for example, Lucas 1993).
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agents form with respect to a stabilization. Here we suggest a simple way to empiri-
cally analyze this approach in order to explain the reduction in the estimated value
of +y in the poststabilization period.

As mentioned above, an aiternative explanation for this seeming decline in the
demand for money is the growth in transactions services provided by the banking
sector [in the Istaeli case there was a big increase in the use of credit cards, auto-
misted tellers, ete.; sec Melnik (1995)]. However, these changes took place during
the inflation, and therefore should have been manifested in the demand for money
before the stabilization. ™

We assume that throughout the high-inflation peried houscholds assign a positive
probabilily 1o the event that the inflation will stop. Clearly, if this event occurs, the
retum on money will increase at once. Accordingly, the demand for real balances
during the inflation reflects the probability assigned to the possibility that the infla-
tion will stop within the next period. Therefore, demand for money is “too high”
{and the velocity “too low™) relative to the observed inflation rate that materializes
when stabitization fails to occur. Estimating money demand parameters from the
raw data during the inflationary period, as done above, is therefore likely to yield
parameter values that bias the estimated demand upward.

In principle an estimation procedure could be designed that would jointly esti-
mate tae parameters of the money demand equation as well as the probabilities as-
signed to regime changes {both [tom the infiationary regime to a stable environment
and vice versa). However, since we observe only one switch in the regime (from
inflation to stability), such a procedure cannot be implemented. Accordingty, we

3. Sargent (1986) explains an analogous phenomenon (the substantial puststabilization increase in

centrel bank notes and demand deposits) by pointing oul thal aller the stabilization the central bank issued
hank nutes in exchange for real bills, rather than government debt.

R, Te
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assume that once the economy is stabilized, it does not revert to an inflation.' This
means thal the “true” money demand can be estimated from the poststabilizabion
data. Using the estimated parameters, we use the prestabilization data to estimate
the prebability of a regime switch,

Specifically, we assume that at every period f the economy may be in one of two
regimes. Regime 0 is one in which inflation is maintained at a constant level, so that
1, = Ty = |. Whenever the change in prices is stabilized. so is the change in the
exchange rate. Denoting the change in the price of traded goods in terms of the do-
mestic currency by T, . this assumption implies that after stabilization =, = M.
= 1. Alternatively, regime | may prevail, for which 7, | and m,. , may be changing
(increasing). Houscholds know which of the twa regimes prevails at the beginming
of period 1. They do not know whether the regime change will oceur durmyg the
prevailing period.*? However, conditional on the regime, hovschalds are assumed to
know whal the price changes and devaluation will be. We assume that the inflation-
ary regime will change during period ¢ with probability ¢,.

The labor-leisure decision, as implied by equation (6), is independent of the prob-
ability of a change in regime. However, the demand for money as given by {5) does
depend on the expected future regime. Given our specification of preferences, equa-
tion (3) becomes

[/ (1 = e /m) + BEAU — o)(limy, L)
+ (L 11E = 1=0 (181

where ¢, , denotes the consumption growth ¢, /¢, if the inflationary regime contin
ues to prevails, and &, otherwisc.

We simplify by assuming that the consumption grawlh rate is independent of e
regime change. In this case, equation (18) can be used 1o obtain the probahility as
sociated by the households to the event that the inflationary regime will change o
period 1

1= iy = ) — B )
BO/E,, LM — i)l

Thus, if the possibility of a regime change is ignored. using an estimated value o
(v/(1 — )] which is obtaincd from a money demand equation like {5} will overest
mate the demand for money during an inflationary period. Wrongly assuming tha
the inflationary regime continues with probability one, the demand for monc
should be low, reflecting the high nominal interest rates associated with the infla
tion. However, houscholds who expect (with some positive probability) a Tegim
change, will hold larger real balances in accordance with thal probability.

To cstimate an average probability of a regime change during the inflationary pe

L

31. With this assumption the model is nonstationary. However, a very small probability that the eco
omy may revert [rom a stable path to the inflationary ofe is sufficicnt to support stationarity. Accordingl:
our ¢case should be regarded as a limiting case of stationary environments,

32. Ruge-Murcia (1995) estimates a model of the 1sraeli infiation in which agents infer from the at
served data whether a regime change has taken place. We assume that once such a change has take
place, it is immediately recognized by everyone.
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riod, we substitute the estimated value of v/(1 — ~) from the poststabilization data
into (19). use the observed values of the velocity (¢,/m,), the consumption growth
¢,,, and the change of the price of traded goods in terms of the domestic currency
1,4, The posistabilization value of the laiter, 1, is the average change of the price
of traded goods in terms of the domestic currency after stabilization has occurred.
The average probability assigned to a regime change in the coming quarter, ¢, ob-
tained in this way, is 0.75. This is a high probability that reflects the relatively large
reduction in the demand for money after the stabilization. However, this value con-
stitutes an upper bound, as we assigned a probabilily of zero to the event that after
stabilization there could be a return to the inflationary regime. Clearly, if households
assign a positive probability to the resumption of inflation, then the estimated value
of +y after the stabilization undercstimates its true value.*

One way to illustrate the correction achieved by this extension to the money de-
mand equation is to compare the residuals obtained from the parameters estimated
using the GMM procedure aver the entire sample period which ignores the proba-
bility of a regime change lo the residuals obtained by the procedure described
abave. Define the GMM residuals by

Uy = VIV gan Il = BOHm, 4 X EL 01— (cfm) (20
where Ugapss = Yo/ (1 — Yoanar) and
g = VT pglll = BOVE D@ my ) + (1 = )] = (ofm) 2n

where ['pg = vug/(] — ypg) stands for the poststabitization parameler values. As
cun be seen from Figure 12, the GMM residuals have a clear trend, where all post-

33, The high estimated value of ¢ would be lower if we allow the value of v to decrease during the
high-inflation period.
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stabijization residuals are negative. The residuals of the alternative procedure (de-
noted “"BE" residuals) are basically trendless. They become large and negative about
two years prior o the stabilization, reflecting the {act that the probability assigned to
a regime change as implied by the wodel should fall toward stabilization.

7. POSTSTABILIZATION INFLATION

After stabilization, inflation settled on an annual rate of 1§ percent. During the
same period the average annual nominal devaluation amounted to 7 percent with no
devaluation at the initial period. In addition, aggregate consumption grew by #n an-
nual rate of 7.4 percent, while GDP grew, on average, at 3.8 percent. ™ Clearly, the
large deviation of the rate of nominal devaluation from inllation could not persist
forever and, in fact, the gap has been closed during the early 1990s. Stiil, the ques-
tion 1s whether as a temporary phenomenon these observations are consistent with
our model. Here, we show that if we take the paths of the exchange rate devalua-
tion, monetary expansion, and output growth as exogenous, the observed inflation
rate is consistent with the model’s predictions.

The formulation above in which the traded and nontraded goods are perfect sub-
slitutes is not well suited to discuss the relationship between nominal exchange rate
changes and inflation. In particular, an equilibrium in which both traded and non-
traded goods are consumed requires e, = Py, /e, where ¢, is the exogenous marginal
rate of substitution between both types of consumption goods. Clearly, any small
deviation from this condition means that either of the two types of goods will not be
consumed. To avoid this extreme implication, we relax the assumption that the mar-
ginal rate of substitution between traded and nontraded goads is independent of
prices.

For this purpose we omit the labor cheice, and amend the periodic preferences to

be Ulcy, cnp MJ/Q,). Under these circumstances the Euler first-order conditions
become

(L4 raBELm Iy WU A+ DIUAD -1 =0, (22)
and
e U070 0) + BE(Lim, WU At + DIUAN — 1 =0 (23)

The new condition pertains to the static choice between traded and nontraded
goods:

(e /pp (U AU A1) — 1 =0, (24
To facilitate the comparison hetween this specification and the previous one. we
specify

34. This posistabtlization “"cansumptica boom™ is commeon to many economies that stabtlized their
currency. [I may be explained as a result of a wealth aflect {see, for example, Rebelo and Végh 1995).
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Uter, e MJQ) = {{ler) eI PMI Q7Y — 110 (25)

In addition, we specify for the price index:

Ql = (Gl)“(ph’r)“-u) . (26)

We use these specifications in order to derive a relationship between the growth
rate of the economy, the money supply growth, the rate of change of the price of
traded goods in terms of the domestic cumrency, and the rate of inflation.

We use equation (24), which becomes

(1 — wyvltepaerden) — 1 =0, (27)
together with equation (26) to compuie
Tt = (€,n /€ (Crpnr/ Crened Eyes 1 T - (28)

To simplify, we concentrate on a special case in which the (gross) rates of change
of all relevant variables is constant. In particular, let the economy grow at arate g.
We assume that consumption of nontraded goods grows at the same rate. Let the
cansumption of traded goods grow at a rate 1. Let the money supply grow at ., and
let the real interest rate remain constant.

Under these circumstances, the demand for money, derived from equations (22)
and (23}, and using

U+ DU A =

. YT E T PO 1=l -
o (TURRTIovh

((MH l"Qrf I)"‘(Mt'lQ;))? + (2())
becomes
v/ (1 = Yleg/ (Mie)) = 1 — (L)~ + 7). (30)

Note that equation (30) is perfectly analogous to {(§2) whenm = w, and x = g. From
equation (30) we ablain

= /o = (M /MM (e fe) = pim . (31)

Equation (31) impties that consumption of traded goods is likely to grow at a rate
that exceeds the economy’s growth rate if the growlh of the money supply exceeds
the rate of change of the price of traded goods.

Substituting equation (31) into (28), and using our assumptions about the growth
rates, we get that the inflation rate is
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= (igt . (32)

Equation (32) implies that any expansion of the money supply at a rate that exceeds
the economy’s growth rate (i > g), while holding the price of traded goods in terms
of domestic currency fixed (n = 1), generates inflation. However, if the nominal
exchange rate is maintained at a fixed level, then m = 7*, where 7* denotes the
gross inflation abroad. In this case, inflation is given by

= (my(g) (33)

In particular, the domestic inflation can be controlled (for a while) by halting the
nominal devaluation.

This policy cannot be maintained forever. In the long run, the money supply has
to be expanded at the growth rate of the economy (which is alse the growth rate of
consumption of both the traded and noniraded goods} and the nominal devaluation
rate should match the rate of the foreign inflation, to keep the price of traded goods
in terms of domestic currency constant. With this combination, the price level re-
mains stable.

As pointed out above, some aspects of the poststabilization behavior of the Israeli
economy match this story quite well. On a yearly basis, the (geometrically aver-
aged) gross growth rate of M, (i) for the years 1986-9 was 1.324. The average
nominal devaluation against the dollar was 1.069, while prices in the United States
rose an average by 1.036, implying a value of m of 1.032. Using these number in
equation (31) yields a predicted average growth rate of the consumption of traded
goods of 1.28, a number which seems too high. However, this result, when substi-
tuted into equation {28), may yield a quitc reasonable prediction for the inflation
rate, as given by cquation {32). "lo show this, we need Lo assess the value of o

According to calculations of the Bank of Isracl, 44.2 percent of the output of the
business sector in these years was traded (the 1995 report, Table B-2). The business
sector censtituted about 65 percent of GDP (Table B-1). This implics that the weight
of traded goods is about 29 percent in GDP, assuming that only the business sector
produces traded goods. ™ Assuming that the weight of traded and nontraded goods
in the CP1 matches these calculations, we obtain a vatue of a = 0.29. Thus, equa-
tion (32) yields an inflation rate of 1.20, which is very close to the actual average
yearly inflation in these years of 1.18. In fact, this calculation demonstrates that
given the performance of the real side of the economy and the expansion rale of the
money supply, the money demand implied by the model fits well the poststabilizi-
tion data.

8. CONCLUSION

We have used a very simple model to tell the story of inflation and stabilization
we used the Isracli case, and describe the behavior of inflation, consumption, £ci

35. Consumption is likely to be even more biased toward nontraded goous.
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balances, employment, exchange rate, wages, and seigniorage. The story told by
the model, despite its simplicity, is remarkably close to reality. That is, the co-
movements of the variables as predicted by the model fit well the main observed
features of the data,

There are certain refinements of the basic model that help improve its petfor-
mance. We show that a modification may be able 1o account for the sceming decline
of the demand for real balances after stabilization. Adding uncertainly about the sta-
bilization date implics that the demand for real balances during the inflation does not
decline as much as would be predicted if the inflation were to increase with certain-
ty. Another modification is used to demonstrate that the model is consistent with the
paststabifization inflation while the nominal exchange rate remained fixed at a given
tevel. As the fixed exchange rate policy is not sustainable in fuce of an inflation rate
{hat cxceeds that of the trade partners, the success of the model in this case as well
as the performance of the simple model before and after the stabilization indicate
that the modet is not very sensitive to the temporariness of the current regime and to
expected regime changes.

The success of the approach lends credence to the welfare and policy implications
of the modet. Specifically, using the simple model, we measure 4 substantial wel-
fare loss due to high inflation and ne output cost of stopping it. These features may
not be consistent with views held by certain econamists, but are remarkahly consis-
tent with the pelitical popularity of stopping inflation.

APPENDIX

In this Appendix we describe a simple general equilibrium model that embeds the
household optimization problem ol section 2 in the text, By doing so, we show that
the model we estimate is consistent with a peneral equilibrium setting.

Production

The cconomy produces a traded good and a nontraded good. To simphfy. we ig-
nore all factors of preduction except labor.
Aggregale nontraded goods production, Yy, is given by

Yy = Ay Ly, 0<B<I (A
where Ly, denotes aggregate labor input into the nontraded good production, anl
Ay, Tollows a stochastic process with growth,

Traded goods production, ¥7, is given by

YTr = ATJLTr (Az)

where L, denoles aggregate labor input into the nontraded good production, and A4,
fallows a stochastic process with growth (with the same mean as Ay,).

A
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Prafit Maximization

' For simplicity assume that the entire sector of the nontraded good consists of a
single, price-taking, profit-maximizing firm {clearly, any exogenously given finite
number of firms would yield an equivalent characterization), The traded good sector
consists of any number of price-taking and profit-maximizing firms. The zero-profit

conditon in the traded pood sector and profit maximization in the nontraded good
sector imply

W: = EJATI' (A

and
W.l = PMAMANJBLBN_I (A4}

where W, denotes the nominal wage, and Py, and ¢, are the prices of the nontraded
and traded goods in terms of the domestic currency, as defined in the text.
Equation {A4) implies a nominal profit, Z,,. in the nontraded good sector of

Z = (1 = 8)Yy, . (AS)

We also have the definitions from section 2:

W, = m ,
EJ
PN.'
P e,
_ & .
% T e (AB)
Househalds

The household problem is as defined by the preferences (1) and budget con-
straints {2) in section 2. The budget constraint is corrected for the per-household
profits denominated in terms of the traded good, z,, generated by the nontraded good
sector, which are taken as lump-sum:

cr, + (Pud€)oy, + (Mie} + (ObYe, =1 — 1wk, + M /€
+ 80 4 M Ve oz 29

The Government

Each period, the government consumes G, units of the traded good and G, unit-
of the nontraded good. The government budget constraint is

P
GT! + _f'—' GNf + Q:(] + '-.'—])B.'—I”e.' + (l + l":k)(l){,l =
'
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T!“IILI + (Q,B,)/ﬂ + (!w()f - M(h*.’)"e: + (Dl . (A7}
Equation (A8) is equivalent to equation (16) in section 4, except that equation
(A8) is written in aggregate terms, so that L, is total employment, B, is the stock of

CPI indexcd bonds, &, is the aggregate government foreign debt, and M, is the
aggregate stock of outside money at periad £.

Resource Constrainis
Tatal uses of the nontraded good must equal production:

CNI + GN.' = YM " (Ag)

where €y, denotes aggregate private consumption of the nontraded good.
The traded good can be imported, s0 that

Cr+ Gy =Yy +iM,, (A9
where Cy, denotes aggregate private consumption of the traded good and M, is the

net import. .
The current account deficit is matched by a capital account surplus:

M, =@ = {1+ P {A10)
The labor market equilibrium requires

Ly + Ly =L, (AL1)
and

Ly + L =N (A12)

where N, is the number of houscholds in period 1.
In addition. we require

Moy = N, (A13)
B, =Nb,. (A14)
Cr = NCr {A15)
Cai = Niw, - (Al6)
and
Z,=Ng,. (ALD)
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Equilibrium

An eguilibrium is a stochastic path of {cy,, ¢r. My, b, €. Yy Yo Ly Ly Ly
Coe Croo Wo wo Pry € P O o T 70 Zo Ry 1o 1M, 0, M.} given a stochastic
path of {Aw, Ar, Gy Gr. N €, 77, Ts B} fore=1,2,...and given initial
conditions My, Pg. and By, such that the following equations hold:

(i) Household problem: Budget constraint {2') and Euler equations (4), (5},
and (6).
(i) Government budget constraint: Equation (A7).
(iii) Production and profits: (A1), (A2), and (A5).
(iv) Resource Constraints: Equations (A8), (A9), (A10), and (Al1).
{v) Prices: Equations (3), (7}, (8), (9), (A3}, (Ad), and (A6).
(vi) Aggregation: (Al12), (A13), (A14), (A15), (Al6), and (A17).

Remark

In general, the equilibrium path generated by this environment is not Pareto opti-
mal. Nevertheless, there are examples in the litcrature of similar economies in
which equilibria have been shown to exist. Therefore we conjecture that under suffi-

cient regularity conditions, an existence proof can be constructed also for this
environment.
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Comment on ON THE FIT OF A NEOCLASSICAL MONETARY
MODEL IN HIGH INFLATION: ISRAEL 1972-1990,
by Mark W. Watson

One of the important successes tn empirical macroeconomics is the relative stability
of money demand during the extremes of hyperinflations. Beginning with the semi-
nal work of Cagan, this stability has been found in many diffcrent countries over
many sample periods. Bental and Eckstein study the Isracl inflution of the 1970s and
80s and persuasively demonstrate this stability in an environment that includes infla-
tion ranging from essentially @ percent to over 200 percent per annum. Figure 7 in
their paper is a beautiful summary of the empirical success of a simple model of
money demand, and the paper is worth remembering if only for this remarkable
picture.

The paper makes several other contributions, however. It proposes a simple rep-
resentative agent-optimizing model that rationalizes the demand for money func-
tion. It demonstrates that the model does a reasonable job mimicking the trends in
money demand, interest rates, seigniorage, and employment. 1t shows that the dis-
inflation was carried out with littke of the output losses suggested by a traditional
Phillips curve, cansistent with Sargent’s study ol interwar hyperinflations. Finally,
Bental and Eckslein use their model to quantify the welfare gains associated with
the disinflation.

My comments will focus on three aspects of the study: the fit of model, the Phil-
lips curve trade-off, and the welfare calculation.

One of the paper’s empirical findings is that the tog-log money demand function:
log(m,/c,) = a + B x log{(l + R)/R,] fits the Israchi data better than the semi-
togarithmic specification loglm,/¢,) = o + B X R,. The paper’s Figure 7 shows this
result quite clearly. The standard crror for the tog-log specification is 15 percent,
while the standard error for the semilog specification is 34 percent. This improve-
ment in fit is much more difficult to see in economics with more moderate variations
in inflation. For example, comparing the same two money demand specifications for
U.S. annual M| data over the twentieth century yields standard errors of 15 percent

MaRK W. WATSON is a professor of economics and public affairs ai the Woodrow Wiilson
School, Princeton University.
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for the log-log specification and 14 percent for the semilog specification. Thus, for
the United States both models apparently fit the data equally well.

While Figure 7 shows that the basic model fits the data well, there are two sets of
points that fit less well. The first are the poststabilization obscrvations highlighted in
the graph and discussed at length in the paper. The second set are the points directly
above the poststabilization cluster. This second set of errors correspond to the rapid
increase in nominal interest rates that occurred in 1979--80 (see Figure 6). It would
be inferesting 1o know more about the apparent unusually high money demand dur-
ing this period.

The authors carefully discuss potential explanations associated with the shortfall
of nwmey demand post-1985, One detailed explanation is the subject of their section 6.
The basic idea is that during the high-inflation period, the possibility of stabilization
and associated decline in future inflation leads 1o higher money demand. After stabi-
lization occurs, there is no longer the possibility for additional future sharp de-
creases in inflation and this leads to a lower money demand. This is certainly
plausible, but it does not explain the puzzle apparent in Figure 7, which shows mon-
ey demand conditional on nominal interest rates. Since nominal interest rates reflect
expected future inflation, they incorporate the effect of potential stabilization. Alter-
natively, the authar’s analysis in section 6 does not change the consumer’s utility
function (1) and budget constraint (2) and these are what generate the money de-
mand function (12). Thus, the poststabilization shortfall in money demand remains
a puzzle.

As (he authors nate, the stabilization of late 1985 was agsociated with little em-
ployment loss. Industrial praduction data suggest that there was little output loss as
well. The rate of growth of industrial production was 3.4 percent in 1984, 1.3 per-
cent in 1985, and 5.0 percent in 1986. The corresponding average quarterly inflation
rates were 44 percent, 25 percent, and 4 percent. A closer look at 1985 shows a
dramatic 23 percent decline in the third quarter, but a rebound of 20 percent in the
fourth quarter. The output Juss of the stabilization was apparently short lived.

I want 1o erd with two remarks about the authors’ inflation welfare cost calcula-
tion. In their model the welfase costs of inflation are reflected in the reduction of real
batances held by consumers. These can be thought of as transactions or “shoe-
leather™ costs which in modern economics reflect resources associated with efficient
cash management. Unfortunately. it is difficult to evaluate the authors” calculation
bocause it is difficult to directly measure the influence of inflation on these resource
costs. For example. in the United States, one way to measure the resource cast of
inflation is to measure its effect on the share or resources flowing to the “finance”
sector. The share of total employment in this sector trended up from 2.4 percent in
the carly 1970s to 3.2 percent in the mid-1980s before falling back to 2.8 percent in
the mid-1990s. While there are variations in this employment trend, they are hard to
associate with variations in inflation. For example, the employment trend continued
steadily after the disinflation of the early 1980s and only tumed around after the
1987 stock market crash.

Finally, even if the traditional money demand costs of inflation were found to be
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low (which they aren’t in this paper), there are other important costs of inflation. For
example, Feldstein (1997} argues that the first-order costs of inflation are those asso-
ciated with distortions in the tax system, and calculates enormous welfare gains
from moving from 3 percent inflation to price stability.

In summary, Bental and Eckstein have provided convincing empirical evidence of
a stable money demand relation during a period that incorporates the extremes of
price inflation. All students of money demand and hyperinflation will benefit from
reading it carefully.
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Comment on ON THE FIT OF A NEOCLASSICAL, MONETARY
MODEL IN HiGH INFLATION: ISRAEL 1972-1990,
by Timothy §. Fuerst

During hyperinflation the amount of rcat cash balances changes drastically. At first
sight these changes may appear to reflect changes in individuals® preferences for real
cash balances—that is, shifts in the demand function for the balances. But these
changes in real cash balances may reflect instead changes in the variabies that affect the
desired tevel of the balances. . . . The hypothesis [is] that changes in real cash bal-
ances in hyperinflation result {rom variations in the expected rate of change in prices.
{pp. 29-33)

The above quotation is drawn from Phillip Cagan’s (1956) classic study, “The Mon-
etary Dynamics of Hyperinflation,” first published some four decades ago. Cagan’s
conclusion is truly remarkable—out of the apparent utter chaos typical of hyper-
inflations, Cagan argues that there is stability, a stable relationship between real
money demand and expected inflation. The work of Benjamin Bental and Zvi Eck-
stein is in this Cagan tradition. The dates and places have changed, but the underly-
ing result remains the same: the high inflation experienced by Israel in the recent
past is a manifestation of a stable money demand curve interacting with a rapidly
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growing supply of money. In these remarks, 1 will first review the theoretical argu-
menis for stability {arguments that are as applicable to Cagan as they are to Bental-

Eckstein). and then turn to a few more pointed comments about Bental-Eckstein's
coniribution.

! Swbilin?

In the volume Studies in the Quantity Theory of Money, the article immediatety
preceding Cagan's study of hyperinflations is Friedman’s (1956) restatement of the
quantity theory. Approaching the issue from a portfolio perspective, Friedman ar-
rues that the demand {or money is a function of a long laundry list: total wealth, the
ratio of nonhuman o humar wealth, the nominal return on equity, the nominal re-
turn on physical goods, and the nominal return on short- and long-term bonds.
Friecdman suggests that this is a stable empirical relationship, but given the forecast-
ing problem subsumed into, for example, the human wealth variables, there is little
hope that Friedman will prove ta be correct.

In sharp contrast, Bental-Eckstein’s money demand function [given by their equa-
to (13)] 1s a function solely of current consumption and the current short-term
bond rate, The linkage between these two views of money demand is the permanent
income hypothesis: money demand is a function of wealth and these other asset re-
turns onfy through their effect on the censumption decision. This approach separates
two logically distinct decisions: (i) the consumption-savings choice, and (ii) the
cash balances versus number-of-trips-to-the-bank choice. This transactions ap-
proach to meney demand yields a relationship that depends on only two currently
abservible variables, and thus provides some confidence that this relationship might

be stable.' 1tis with thas theoretical hunch for stability in hand that we can now turn
to the work ol Bental-Eckstein.

2. Details of Bental-Ecksiein's Work

Bental-Eckstein present a partial equilibrium model in which infinitely lived
households have preferences over consumption, leisure, and real money balances.
‘The first-order conditions to the problem include a demand for money [equation
(133] and a supply curve for labor [equation (15)}. To begin, | have a few specilic
commenis on (he functional forms used to penerate these relationships.

One unusual feature of the money demand function is that the interest elasticity is
decreasing in the rate of interest. This is an artifact of the timing implied by the
model. Real money balances at the end of the period enter into the utility functional.
On intuitive grounds it seems that a more plausible choice weuld be (o assume that
beginning-of-period balances enter info the utility funciion. This minor change will
transform equation (13) into a demand function with a constant interest elasticity of
unity, However, this leads to a second problem. I know of no estimates of money
demand clasticity that are this large. Lucas (1994), for example, reports an elasticity

b McCallum and Goodfriend (19%7) and Lucas (1988) make a similur point.
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of .5.% In summary, 1 would prefer to see a wiility function in which the constant
elasticity of substitution belween consumption and cash balances is much less than
unity.?

A fundamental problem with the labor supply curve is that it is unaffecied by the
nominal rate of interest. This is simply implausible. My willingness to trade leisure
for wage income depends on the ease with which I can turm wage income into con-
sumplion. The essential characteristic of a monetary economy is that it requires rcal
money balances to make this transformation. Hence, my marginal rate of substitu-
tion must depend vpon the level of real cash balances that T hold. This is quite ¢lear
if one posits an explicit shopping time formulation: U = Ufe, t — L — 5), where L is
working tune, and s = (e, m) is shopping time. In this case, it is clear that the
marginal rate of substitution between consumplion and leisure will depend upon the
level of real batances (and in turn on the nominal rate of interest). Under standard
assumptions, tnereases in the rate of interest will lower kbabor supply. A casual obser-
vation of Figures 6 and 8 suggest such a link.

To sum up these last two observations, | would prefer to see an analysis using a
more general utility functional, one that is more consistent with our understanding
of the transactions process. For example, Ulc, m, | — L) = V[w(c, m), | — L],
where w is homothetic. The properties of w would determine money demand elastic-
ity, while the marginal rate of substitution between consumption and leisure would
depend upon real cash balances.

Analogous to their discussion of money demand and labor supply, it would be
instructive for Bental-Eckstein to provide a discussion of the model’s prediction for
the nominal rate of intercst. Equation (4) of the household's first-order conditions is
essentially the Fisherian decomposition of the pominal interest rate into an intertem-
poral marginal rate of substitution and an inflatton premiuss. Figures analogous (o
Figures 6 and 8 would be helpful here.

Finally, one intriguing fact from the paper is “the dramatic decrease of the reserve
requirements” at the end of the inflationary peried. Before turning to the
expectational-based stories of section 6 to explain the apparent shit in money de-
mand after the inflation, [ would suggest that the authors pursue an analysis of the
effect of the change in reserve requirements. A “dramatic decrease of the reserve
requirements” would surely have an effect on the demand for base money.

3. Conclusion

The essential theme of Cagan and Bental-Eckstein’s work is documentation of
stablity 1n an apparently unstable environment. This conclusion exhibits once mors:
the powert of economic scienee, and st the same time points a clear finger ot blame.

2. Chaag (1996} calls inte question many of these estimates. [n an interesting theoretwal study. he
demonstrates that the homogeneity properties of money demand imply that the interest elasticity must
exceed the transactions elasticity.

3. As an aside, Cagan's exponenlial money demand function as well as the log-log function are equal-
ly consistenl with Sidrauski's suggestion to add money to the utility function. In other words, thete exinty
a utility function that generates Cagan's money demand function. Also, Cagan {1956) suppests that a log-
{og specilication may better fil the data: “To be consistent with the data, tis by pathesis requires hat
the value of {the semi-elasticity] shall decline as the expected change in prices increases” (p 35
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These inflations are not an accident. T can think of no better way to end these re-
marks than with the way 1 began them, by quoting Cagan:

|Previous) theories [of hyperinflation] postulate that a rise in prices results from an
increase in wages or prices of imporied goods and precedes increases in the quantity of
money. This study points o the opposite sequence and indicates that an extreme rise in
prives depends almost entirely on changes in the quantity of money . . . and involves
the motives of governments, with whom the authority to open and close the spigot of
nole 1ssucs ultimately lies. (p. 91)
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