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This paper is motivated by observations concerning the size of the banking sector
and the growth rate of the economy before and after successful stabilizations of high
inflations. The facts suggest that the relative size of the banking sector increases
during a period of accelerating inflation and decreases immediately following a
successful monetary stabilization. Furthermore, the GDP growth rate is lower during
the high inflation period than after stabilization. The goal of this paper is to
develop a monetary growth model which is qualitatively consistent with these
observations. The model we use is a variant of the Lucas and Stokey [1987]
model of cash and credit goods. The main innovation in our model is that while
cash goods and credit goods are perfect substitutes in consumption we posit
different technologies for their production. We show that the model’s
predictions on the impact of a permanent stabilization are consistent with the main
real and monetary observations on high inflation countries.




Introduction

Recent episodes of high inflations and successful stabilizations in Latin America
and Israel have provided substantial evidence on the behavior of the main monetary
economic aggregates during the high inflation period and in the post stabilization era
(see, e.g., Bruno et. al. 1993).t This recent evidence is roughly consistent with
evidence on the monetary aggregates during the high inflation episodes in Europe
during the 1920’s that are described by Sargent (1982).2 There is less agreement on
the evidence concerning the réal consequences of the accelerating inflation and the
abrupt stabilization programs on eniployment, unemployment and output. A
particular debate followed Sargent’s (1982) claim that the evidence rejects the

hypothesis of a "Phillips Curve" trade—off between inflation and real output.3

The evidence on Germany in the 1920’s (Garber (1982) and Graham (1930))

indicates that the growth rate of industrial voutput was higher on average in the post

IThe main evidence inludes the following: (i) average inflation accelerated towards the
stabilization date and then abruptly fell to a small positive rate; (ii) velocity (real
balances) increases (decrease) towards the stabilization date and then decreases
(increase). After stabilization the level of velocity (real balances) is higher (lower)
than the level before the high inflation period; (iii) seignorage and government deficit
seem to have almost no trend during the high inflation period and both are reduced
to zero during the post stabilization period; (iv) during the period after stabilization
ex—post real interests rate are extremly high (see, e.g., Bental and Eckstein (1989),
Vegh (1992) and Bruno (1993) among many others).

2Bruno (1993) and Vegh (1992) provided a comprehensive discussion of the facts
concerning the recent episodes and the 1920’s experiences of high inflations and
stabilizations. They distinguish between short inflation episodes, such as those of the
1920’s and Bolivia, vis-a—vis chronic episodes, such as Israel and Argentina. Vegh
agrees (Bruno does not agree) with Sargent’s claims concerning the facts about the
real consequences of high inflation stabilizations.

3Garber (1982) and Wicker (1986) provided evidence on sectoral shifts of employment
and some delayed unemployment in Germany, Austria and Hungary in the 1920’s.
They claim that their evidence contradicts the main claim of Sargentﬁ1982) that
there is no evidence of a stable tade—off-between inflation and unemployment
("Phillips—Curve"). However, Sargent (1982), following Graham (1930), cites the
evidence on short run sectoral shifts of employment and capital but emphasized
Graham’s (1930) conclusion that aggregate industrial output in Germany increased in
th£61 post stabilization period and was decreasing during the period of accelerating
inflaton. ' :
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stabilization period although a substantial sectoral shift in employment was associated
with higher than average unemployment rates. Part of this sectoral shift was due to
the increase in the banking sector during the period of accelerating inflation and the
contraction of that sector after stabilization (Bresciani-Turroni (1937)).

Wicker (1986) provided substantial evidence on the unemployment in Austria,
Hungary and Poland during the post stabilization period in the 1920’s. In reference

to the Hungarian case, he said that (1986, p.358):

" The most striking thing about these figures (incidence of trade union
unemployment) is the eziraordinary increa.ée tn the number of unemployed
bin the financial sector - 81.5 peréent of the total net increase of
13,000. All of this increase can be atiributed to the ending of
hyperinflation which had increased substantially the money market as well

as other operations of commercial banking”.

Employment in the Hungarian industrial sector started to decrease prior to the

stabilization of June 1924 while it was increasing in December of 1924. For Austria
Wicker (1986) described a similar pattern where 10,000 workers in the banking sector
lost their jobs immediately after stabilization. Real GNP decreased by one percent
during the first year following the stabilization but increased by 7 and 10 percent in
the following two years.

Bruno (1993, Table 1.2) claimed that the cross country evidence shows that
countries with high inflation rates have significantly lower per capita GDP growth
rates. Furthermore, in recent episodes of high inﬂation’ the per capita growth rate
was lower during the high inflation period relative to the period with lower inflation.

Israel has experienced an accelerating inflation from 1980 until July 1985. At

that date the Israeli government implemented a stabilization program which
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resulted in an abrupt drop of the annual inflation rate from a high of close to
500 percent to a low of 1620 percent. During the high inflation period
(1980-1985) the business—sector output in Israel rose at an annual rate of about one
half that during the post stabilization period (1986-1990, see Bruno, table 2.1).
Moreover, total factor productivity growth rate was zero before the stabilization and
2.6% per annum, after the stabilization (Bruno, table 2.1).4

Melnick (1993) provided evidence on the Israeli banking sector which we present
in Table 1. It is clear that during the period of accelerating inflation from 1968 to
1985 the three inpuf, indicators — labor, automated machines and area of bank
branches in Israel has a significant upward trend. Although the aggregate
businéss—sector growth rate was higher in the post stabilization period, as we
mentioned above, thé banking sector experienced a clear reduction in inputs-
during the period that follow.ed the end of high inflation (see Figure 1).5

vIn this paper we investigate a x‘none_tary' growf;h model where credit services

are pfoduced by labor and capital in order to facilitate trade in an

alternative way to fiat money. The motivation for analyzing such a model are

the observations described above concerning the size of the credit producing
sector aﬁd the private sector output growth rate before and after monetary
stabilizations. The observations may be summarized as follows. Moving from a regime
of high monetary growth rate to one of a low monetary growth rate we observe the
following real changes in the economy: |

(i) the size of the credit (banking) sector decreases;

(ii) the real GDP growth rate increases.

4Leiderman (1993, p.7) concludes that the data "does not conform well with the
notion of a short-run tradeoff between inflation and unemployment".

‘Melnick and Yashiv (this volume) make a similar point about the relationship
between the banking sector in Israel and the inflation process. We do not have direct
evidence on the banking sectors in Argentina and Bolivia during the high inflation
period and the post stabilization era. However, casual evidence supports the pattern
we reported above for the other countries.
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In view of the above facts it seems that there should be an interest in
providing an analytical model that combines the three variables that have a
clear low frequency co-movement; the size of the banking sector, the growth
rate of output, and the inflation rate. In this paper we develop a general
equilibrium monetary growth model that incorporates a banking and credit
sector and that can be calibrated using data from the NIP accounts.
Potentially, one can use the model to analyze low frequency movements in
inflation and the size of the banking and credit seétors.5

The model is a variant of the Lucas and Stokey [1987] model of cash goods
and credit goods. The main innovation in the present model relative to Lucas
and Stokey [1987] is that unlike their model we posit that cash goods and
- credit goods are perfect substitutes in consumption and investment but differ
in their production technologies. We think that this is sensible since
gasoiine is gasoline regardless of whether one péys for it_with cash or‘cheque
or credit card. The distinction ought to be tréced to the additional
resources in thé form of the-services of the banking sector or credit card
companies that are required for the purchase of "credit gasoline" as opposed
to "cash gasoline." That is, the production of a unit of credit gasoline
requires a unit of cash gasoline plus some credit services. In turn, the
- differences in the technology of producing cash versus credit gasoline ought
to be reflected in different prices for credit gasoline and cash gasoline.
This is indeed the case for gasoline at many gas stations around the U. S. at

which different prices are listed depending on whether one pays for gas with

§Wicker (1986) claimed that the fact that we observe substantial sectoral shifts in
employment, and movements in and out of unemployment in the post stabilization
period is inconsistent with the rational expectations hypothesis. The model developed
here makes it clear that this claim is incorrect. In fact, Sargent (1982), at the end
of the introduction, points out that sectoral shift of inputs as a result of the
stabilization should be expected in a general equilibrium rational expectations model.




cash or with credit.

Aside from descriptive realism the major advantage of adopting the above
alternative modeling strategy is that data can be brought to bear in
calibrating the model and developing thé model’s quantitative implications. We
can use data on the value added, capital input, labor input, and the shares of
capital and labor income in the credit and banking sectors to calibrate the
technology for producing credit services which are needed for produciﬁg credit
gdods.'This approach would not be possible if credit goods were treated simply
as an additional argument of the utility function as in the model of Lucas and

Stokey [1987].

As we will see the above modeling innovation not only enables us to

capture the stylized facts mentioned earlier but also has new and interesting

implications for the real effects of monetary policy and for the
interrelationships among the money growth rate, the nominal and the real
interest rates, the inflation rate,'and the gfowth rate of.real output. These
implications arise because in this model the nominal interest rate has an
allocative role in allocating resources between the goods producing and crédit
services producing sectors. This role arises because the nominal interest rate
determiﬁes the wedge between the prices of éash goods and credit goods.
Equivalently, the nominal interest rate determines the relative price of
credit services and productioh goods. As a consequence, the nominal interest
rate also influences factor rewards in the two sectors. Since one of these
factors is capital the nominal interest rate influences the real rate through
its allocative role. This is a hitherto unexplored channel for the real
effects of monetary policy and leads to the new and interesting
interrelationships among the money growth rate, the nominal and the real

interest rate, the inflation rate and the growth rate of real output referred




—6—

to above. It is also the channel through which technological improvements in
the provision of financial services, by making credit services, and, hence,
credit goods relatively cheaper, affect the nominal interest rate and,
thereby, currency velocity and inflation.

Comparing steady states of an economy with high and low rates of monetary
expansion shows that the model can interpret the main evidence on the banking
sector and growth during and after the high inflation period. That is, a reduction in
the monetary growth rate implies a decrease in the size of the banking sector and an
increase in the GDP growth rate.

The impact of a surprise stabilization is analyzed using a log-linear
approximation to the stochastic model around a deterministic steady state. We
simulate the model in response to a negative shock to the money growth rate

assuming that this shock has high persistence (is almost a random walk). We show

that the model’s predictions are consistent with observations on the result of

stabilization. That is, the inflation rate, the nominal interest raté, the wage rate and
vel.ocity all go ddwn immediately. The size of the credit sector is reduced but the
growth rate of the sector goes up. The same is thé case fbr real GNP and wages,
while, as observed, consumption increases and the growth rate also goés up. The real
interest rate increases as a result of the negative monetary shock.

The rest of this paper is organized as follows. In section 2 we describe
the monetary growth model. Section 3 describes steady state determination. In
section 4 we analyze the impact of a stabilization policy both by comparing steady
states with high and low rates of monetary expansion as well as by analyzing the
impact of a surprise stabilization. Section 5 concludes with a discussion that
summarizes the results of the model in relation to the facts of stabilization policies

that were adopted in high inflation countries.




-

A Monetary Growth Model With Credit Goods Production

The model we develop is a competitive equilibrium model and is described
in terms of the behavior of its three decision units, namely, the households,
the producers and the government, and equilibrium conditions. We start by

describing the behavior of the representative household.

The Representative Household

There is a representative infinitely lived household which has one unit
of labor endowment available each period. The household consumes the amount c,
of goods and supplies the exogenous ahiount n(n= 1)_0f labor input in each
period t. The. household’s preferences are given by the following expected

discounted sum of utility of consumption.

(2.1) Bol®_y A Ul 0<pct.

- The household purchases goods using cash ("cash goods") in the amount Cy
and purchases goods using credit ("credit goods) in the amount Coy at the prices
Pyt and Y respectively. As already mentioned cash goods and credit goods
are perfect substitutes in consumption and investment. Therefore, the
household divides total goods purchases Cip * Cot into éonsumption in the
amount >ct and gross capital formation in the amount k, 41 - (1-—6)1(t , Where kt
is the household’s beginning of period t capital holding and 6 € (0,1] is the

depreciation rate of capital.? This leads to the following constraint on the

TAnother advantage of our modeling strategy is that we do not arbitrarily designate
consumption goods as cash goods and investment goods as credit goods as in ,for
example, Cooley and Hansen (1989). Both cash goods and as well as credit goods
may be used for consumption and/or investment.




household’s optimization.

(2.2) Cig + Cop 2 €4 + ko g - (1-0)k,.

In addition to capital, the household begins period t with m, units of
money and b, units (in terms of face value) of nominal bonds. The household
also receives nominal lump sum transfer payments from the government in the
amount X,. As is usuél in cash-in-advance (CIA) models of money there is a
financial market in which the household can rearrange its portfolio of money
and bonds. Once this is done the financial market closes and the goods markets
(for purchasing cash gbods andvcredit‘goods) open. In the cash goods market

the household can puréhase cash gbods subject to the following CIA constraint.

(2.3) o : (mt,+ Xt)/pit + 'b't/plt._.'bt+l/[(1+11t)p1t] ‘2 cl.t..f

In (2.3) Ri is thé;nomiﬁal interést rate from t to t+1. Note that the
left side of (2.3) is the amount of cash the houséhoid has available after the
close of the financial market. |

The household can use any excess cash leftover after the purchase of cash

goods plus labor and capital income to purchase credit gobds or accumulate

cash for the next period. This leads to the following Budget constraint.

(2.4) (m+Xg) /Py + by/Pyy = by /TR)P Y] = gy + Wy + kg 2

CotPot/Pyy * Myyq/Pyy-

In (2.4), w, and r, denote the wage and the rental on capital in units of

the cash good.
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The household’s optimization problem now consists of maximizing (2.1)
subject to the constraints (2.2)—(2.4) by choosing
{ct,clt,czt,mt_H,bH_l,kt_H}‘:==O for given laws of motion for

{plt’Pzt’Xt’Rt’Vt’rt}‘

The Producer

There are two primary production sectors which use only the primary
factors of production (capital and labor) and a third sector which uses only
intermediate inputs. Each of these satisfy constant returns to scale in the
inputs used in that sector. Individual producers in each sector maximize
profits taking prices of outputs and'inputsvas giiren.8

The first sector uses capital input in the amount Klt and labor input in
the amount n;, to produce goods in the amount Y} subject to the following

constant returns to scale (in Ky4» ny, and Yt)'production function.

(2.5) Y, = F(Kp,,0,,Kn,).

The second sector uses capital input in the amount K2t and labor input in

the amount n,, to produce "credit services" in the amount St subject to
the following constant returns to scale (in K,,, n,, and S§;) production

function.

(2.6) S, = 6(Ky,,0p,K,n.).

The output of goods Yt of the first sector can be used in two ways. Some

part can be sold directly for cash. This part is denoted C1t and is referred

8The following specification is related to that in Fischer(1983).




~10—

to as "cash goods." The remaining part (Y}_Clt) is used as an intermediate
input in the the third sector along with the credit services produced by the
second sector to produce "credit goods". This production relation in the

third sector is of the following Leontief fixed coefficients type.
(2.7) Coy = min[Y—c;4,5,].

Thejfollbwing special feature of the above technology should be noted.
In the production of goods and credit services (2.5) and (2.6), there is an
external effect on labor productivity arising from the aggregate capital stock
in thé economy. This turns the model into an endogenous growth model so that
policies haye growt‘h“as well as level effects.- Thus, we can analyze the effects
}of a monetary s‘tabilizatio'n on the real growth rate. Because of this endogenous
~ growth feature the labor augmenting technoiogy} shocks Olt.and 02t in (2;5)
and (2.6), respectivély, are aésume& to follow statibnary stochastic
processés. - l |

We will refer to the production side of this écbnomy as a two sector
economy where the two sectors are the goods producing sector (2;5) and the

credit services producing sector (2.6).

Government
In order to simplify the model we assume that the government sets the

supply of bonds and money as follows.

(2.8a) =0,t>0,

(2.8b)

By
M

i1 =+ X = (LM, €2 0.
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In (2.8b), x, is the money growth rate which is assumed to follow a

stationary stochastic process which is independent of {01t,02t}.

Equilibrium ‘
The following conditions (which are pretty self-explanatory) need to hold

equilibrium.

.9a) o Klt + Ky = K,
Dy Iy =1, |
.96): c, + Kt+1‘ . (1_6)Kt = F:lt ‘+ Cot = Yt =‘F(K1t, lthnlt)’

Coy = 5 ?'G(Kzt’aztxtnzt)’
.9e) k, = :

by = By

.9g) m =M, M, given.

Kt , KO given,

=Oav

In the next section we characterize the equilibrium for the above model

and describe steady state determination.

Equilibrium and Steady State Determination

- Consumer Optimization

The solution to the consumer’s optimization problem is characterized by

the following first order necessary conditions (FONCs) .

(3.1a) Uc,t/(1+Rt) = ﬁEt [pltUC,t+]:/p1,t+1] ’
(3.1b) Uy = AB LAy /(1R 10D Te y 44l
(3.1c) 1+ R, = pg;/Pyy-




—19—

In the above equations Uc,t denotes the marginal utility of consumption at
date t. Condition (3.1a) is standard. Condition (3.1b) is slightly different from
the traditional model,e.g. Cooley and Hansen(1989), in that it exhibits an inflation
tax effect on the return to capital. In the steady state, changes in the money growth
rate and, hence, in the inflation rate and the nominal interest rate affect the real
return to capital. This effect is absent in the traditional model because investment is
treated as a credit good. In our model cash goods may also be used for investment
and th_is feature leads to an inflation tax effect on the return to capital and, hence,
on the fate of investment. We think this feature of the model is sensible since there
is no reason to vsnpbosé tliat candy must be paid for by cash whereas hammers ‘can

only be bought on credit.

WVhat is entirely new is cond_itibn (3.1c) which is an arbitrage relation

between the nominal interest‘rate and the price of the credit good relative to
the cash good. It arises from fhe followiﬁg consideration. A household‘can
either purchase an eXtra ﬁnit‘of.thé.césh good at price pit by borrowing in
the financial ﬁarket at the intefest rate:Rt, thereby reducing its cash
holding at t+1, or it can purchase an éxtra unit of the credit good at the
price pzt and reduce its cash holding at date t+1. Since cash gbods and
credit gobds are perfect substitutes in consumption and investment the
arbitrage relation (3.1c) must hold.

Thus, a key relation arising'from consumer optimizdtion is that the
nominal interest rate equals the price of credit goods relative to cash goods.
This is the channel through which money growth affects the allocation of
resources between the cash goods and credit services sectors (by affecting the
price of credit goods relative to cash goods). It is also the channel thfough
vhich technological improveménts in the provision of credit services, by

making credit goods relatively cheaper, affect the nominal interest rate
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and, thereby, currency velocity and inflation.

Producer Optimization

Let Dy denote the price of credit services. Note that the price of goods
Y, will equal the price of cash goods (plt) so long as cash goods are being
produced. The following obvious conditions reflecting the equality of factor

prices and marginal products characterize producer profit maximization.

(3.22) v = 004K Foy = (pge/Pqy) O5¢Ki G
(3.2b) - 1y =Ty, = (pgy/Pyy)6yy
(3.2¢) Pgt = Ppy * Pyt

Equations (3.1d) and (3.2c) imply the following relation between the

nominal interest rate and the pfice~of credit services relative to cash goods.

(3-3) Rt = pst/plt.

Steady State Analysis

Using the above optimality conditions for the representative household
and producer we now study the model’s non-stochastic steady state properties.
To do this we assume that the monéy growth rate Xy 5 and fhe technology shocks
01t and 02t'are all constant over time. Further, the utility function is

assumed to have the following form.

(3.4) U(e) = (X - 1)/(t-w), 1> 0, p#1,
= In(c) . if p=1.
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The parameter p is the risk aversion coefficient and utility is
logarithmic in conSumption vhen g equals unity.

Let g be the (endogenous) steady state growth rate of the economy, i.e.,
the common growth rate of’Kt, Klt’ K2t’ Cir Cqps Cops Yt,- St’ L Using the
CIA constraint (2.3) along with the supply of bonds and money given by (2.8)

ve can write the steady state inflation rate for cash goods as follows.

wof  IHJ-@HHm“)l-oﬂwmo—1

Us1ng the above relatlonshlp together with the household’s opt1ma11ty
conditions (3 1a) a.nd (3:1b) ve can der1ve the f0110v1ng equations for the

nom1nal and the real 1nterest rates.

(3-62) 1+R—u+ma+oa+o@”
(3:60)  x/(4R) + (1-8) = (1 + ?) +g)”

where p = (1-f)/f is the utility time preference rate.

Note that once the growth rate is determined, equations (3.5) and (3.6)
determine the inflation rate, the real interest rate and the nominal interest rate. The
- growth rate g is determined as follows,', Equations (3.6) yield a relationship bet\?een
R and r which is determined by the .money growth rate and the preference
parameters. The production side of the economy determines a second relation between
R and r, since R equals the :elative price of the output of the two sectors and r is
“the return to capital which is one of the inputs. The growth rate g adjusts so that
the relation betf:eeh the nominal interest rate and the real interest rate
implied by (3.6) is consistent with the relationship determined from the

production side of the economy. A consequence of this feature of the model is
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- that changes in the money growth rate (as well as changes in the technology
parameters 01 and 02) have interesting level as well as growth effects. The
relationships between the money growth rate, inflation raté, nominal interest
rate, output growth rate and the real interest rate are different and more
interesting than the usual Fisherian relationship.

As is clear from the above discussion a key relationship on which the
properties of the hodel hinge is the relationship between the nominal interest
rate (representing the relative price of the goods producing and the credit
serviceé producing sectors) and the real interest rate (representing the price
of capital services) arising from the production side of the economy. This

relationship, in turn, depends on the relatvivev capital intensities of the two

sectors. For instance, if the goods producing sector is more capital

intensive, then an increase in the nominal interest rate will (assuming
diversification) raise the wage ré.te‘_.and lover the rentalb to capital
independently of factor supplies.i | | |

"For the resf of this paper i_‘we consider the case where the goods producing
sector is more capital intensive.? We characterize the sfeady state of the economy
using figures 2A-2C that show the production side of the economy. The production
possibility frontier (PPF) between production goods and credit services (2A),
“the PPF between cash goods and credit goods (2B), the relation betveen the
factor returns r and w and the nominal interest rate R ='pS /p; (20).

From 2A it is clear that a higher nominal interest rate imblies a higher output
of credit services relative to goods. When the goods producing sector is more
capital intensive a decrease in.the nominal interest rate will (assuming that

both goods are produced) increase the real interest rate and decrease the wage

SEmpirically, the production function of financial services is more labor intensive than
the aggregate production function. :
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rate independently of factor .supplies (see figure 2C).

Figure 3 shows the determiné,tion of the nominal and the real interest rate in
steady state. The downwérd sloping line is from the production side of the economy
given in Figure 2C. The upward sloping line in these figures represents the
relatidnship between the real and the nominal interest rates obtained by
eliminating the growth rate g from equations (3.6). This relationship is

characterized by the following equation,

U‘éﬂ - (1-9) }.

- 14+R
(7 v= R { ) [t ]
Assuming that the risk aversion coefficient L exceeds unity we get the
upward sloping line in Figure 3. The intersection of the two lines determines the real
and the nominal interest rates. Equations (3.5) and (3.6) then determine the real
growth rate and the inflation rate. This cbmpletés the déscripti'on of the steady

‘state determination of "thé economy.

Permanent Stabilization

Using the above model we define a perménent stabilization as a reduction in
the growth rate of money, x. We discuss the impact of a reduction in the growth
rate of money as a comparison between two éteady states, where we start with a
higher x. Next we consider the case when the change in x is a shock to a highly
persistent process ‘for the money growth rate. For the second part of the analysis we
use a log-linear appioximatibﬂ around the non-stochastic steady state growth path of

the economy.




.S’teady_ State Stabilization

Figure 3 shows the effects of a permanent change in the money growth
rate, x, on the nominal interest rate and the real interest rate. As can be
seen from figure 3 a decrease in the money growth rate lowers the nominal
interest rate and raises the real interest rate. Equation (3.6b) then shows that}
the real growth rate g, increases. Figure 2C shows that the real wage decreases.
From equation (3.5) it is clear that the inflation rate is reduced by more than
the decrease in the money growth rate (since the real growth rate raises).
Further, from (3.6a), the nominal intei’est rate decreases by less than the
decréase in the moﬁey growth rate for the same reason.

The decrease in the nominal interest rate leads to a decrease in the output
of credit services and c_redit‘goods and to an increase in the output of goods

as vell as cash goods (see figures 2A and 2B). This is accomplished by a

movement of labor out of the credit services sector (vhich is labor

intensive). | |

These featﬁres of the model are quite consistent with fhe observations on
the growth of the credit services sector during pefiods of accelerating
inflation and the decrease in the size of the sector following the stabilization. In
addition, the results are consistent with the observations on the growth rate of
output and the real interest rate befdre and after the stabilization date.

The impact oxi currency velocity (demoted v) can be seen from the

following expression.

(4.1) Vi = (PyyCqy#PoyCo) My g = 1 + PoyCot/ PpiCyy
=14 (1+Rt)c2t/¢1t ;
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where (p;;C;4+Pg;Co;) is nominal GNP. The second equality in (4.1) is derived
by using the CIA constraint (2.3) together with (2.8), (2.9g) and (3.1d). It
is now easy to see that currency velocity must decrease with a reduction in the
money growth rate, since the nominal interest rate as well as the relative
output of credit goods go down.

Another aspect of this model is the effect of improvements in the
technology of producing credit services and, thereby, credit goods. As can be
seen in figure 2F an increase in 02. lowers the relationship between the real rate
and the bnominal rate. By combining this with the upward sloping line in figure 3,
we see that an increase in 02 lowers the nominal interest rate, the real interest
rate and the real growth rate, and raises the inflation rate. The relative
output of credit servi'ce_s_ and credit goods goes up (see figure 2D) but the
iﬁpaCt on currency veldcity is ambiguous. These effects are consistent wifh
the observation that technological improvements in credit arrangements Have
led to an increase in ‘the quantity of credit services and cfedit goods and, by

reducing the demand for currency, have resulted in an increase in inflation.

Stabilizatioh Shock

The analysis of a stabilization shock requires a stochastic specification of the
money growth fate rule together with a closed form solution for the equilibrium. For
the solution we use a log-linear approximation around the steady state. In order to
ahalyze the response of a high inflation economy to a shock in the money growth
rate we assume that the money growth rate is a first order Markov process that is

close to a random walk. That is,

(4.2) Xp 1= Py Xp t (1-p,) i.+ e,
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where e is a White noise, x is the mean money growth rate and Py is close to unity
(px = 0.99). The high inflation country has on average a monthly money growth rate
of 110%. That is, we set the period to be one month and set x = 0.10.

We assume that the production functions F(.) and G(.) are both
Cobb-Douglas with capital share pafameters denoted by o and g,
respectively. Using data froin the US we found (Aiyagari and Eckstein (1993))
that a; = 0.41 and a, = 0.35, and we use these values here.

‘The specification of the utility function has already been described in
"'the prévious section. We assume that the risk aversion coefficient 4 = 3. The
monthly deprecia.tioxll. rate of capitéi 6 is assumed to be 0.006 (annual 8%
~ depreciation) and the monthly growth rate g is set to‘0.0016 (annual growth rate of
}2%).'W.e'use -data.on y/k1 to set (r ="oz1 kLl) and this yield a value of r = 0.015.

We"phen set R using equation (3.6). Eﬁnﬁndting (1+p) between (3.6a) and (3.6b) we

obtain

45 r/(1+R) + 1 - 6'=-(1+R)‘(1+g) | (1+x),

and we solve this equation for R and get a value of R = 0.11.

The amount of time that consumers spend working is normalized to unity. We
assume that for a high inflation .coun_tr'yv the value added share of credit services in
- GNP (denoted by ¢) ,‘is 4%. Note that ¢ = pS /(p;Y + pS) = RS / (Y + RS)
= Rey/[c;+(1+R)cy]. The steady state values of sorhe key variables in the model
have been calculated using the steady state characterization of the economy in the
following way. The efficiency cpndjtions (3.22) and(3.2b) are used to calculate factor

allocations and yield the following values.10

0Equation (3.2a) can be written as: (~1—cr1)Y/n1 = R (1-a,)S/n,. Using the definition
of ¢, this implies n; = 1/[1+(1-a,)$/{(1-e;)(1~¢)}]. Further, n, = 1 - n,.
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_ Ky k,

(4.68.) X = 0.985, and X = 0.015,

(4.5b) n; = 0.975 , and n, = 0.025,
The shares of credit and cash goods in total goods are calculated using the

above values of ¢ and R, and yield the following values.

(47) —2 = 0815, —1 0.185
T7eqte, I ;¢ - )

The above values imply a value for the ratio of credit goods to cash goods.

This is used in (4.1) to calculate velocity and yields the following value. !t
(4.8) v=12" ;

Lastly, the steady state form of the resource conmstraint(2.9c) is used to

calculate the share of consumption in total goods as follows.

(4.9) % =1- (g+b) (‘k/kl) (k,/Y) = 0.77.

In computing the impﬁlse response dynamics .o‘f our endogenous grthh model
it is important to distinguish between level effects and growth effects of a
transitory shockv td the money growth rate. The variables we look at are
divided into those that grow and those that are stationary. These are listed

below as "growth variables" in set A, and "level variables" in set B,.

Equation (3.2b) can be wri,tte‘n“ as oy Y/k; = Ra,S/k,. Using the definition of ¢,
this implies k/k = 1/[14+ay¢/{e;(1-4)}]. Further, ko/k = 1k, /k.

liNote that velocity, v = (PyC1y + PyyCoy)/Myyy = (PeCay + PasCar)/Prycyy = 1 +
- (14+R)cg/cy- ‘
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(4.10a) A {Kt’ 1t? 2t’ct’c-1t’C2t’Yt’wt’p1t’p2t}’ (growth variables),
(4.10b) B= {ln(nlt),ln(n2t),Rt,rt,vt}, (level variables).

Define the growth rate of a growth variable a,€ At by 8ot = 1na,t -
) *
lnat_l. Suppose that the shock hits the model economy at date 1 and let g, be
the steady state growth rate of this variable before the shock hits. Then, for:

each growth variable, we report the level effect at date 1 which is given by

. * . .
(g, 178,) and the growth rate effects for t > 1 vhich are given by (8, 18) -

Note that the aggregate capital stock Kt is predetermined at t, so that it is
not subject to a level effect but is only subject to a growth rate effect.
Further, note that the level effect at date 1 should be interpreted as the
percentage deﬁation from what the ievel of the 'variable would have been in
the absence of the shock This follows because ga 1 ga 8 [Ina, - lnao] -
-[1n((1+ga)a0) - Ina)] = lna; - 1n((1+g )aO) Moreover, the growth rate effect
for t > 1 is given as a deviation from the steady state growth rate. Since we
use a value of Py that is .close.to onevwe can interpret the sign of the growth rate
7 deviation as the direction of the 'impa,ct of a permanent unexpected change in the
growth rate of the money,supply.
| The level effect on a level variable b, € B, is defined as (bt—b*) where

b* is the steady state level of this variable. Therefore, the effects on
labor input in the 'goods producing sector (nlt) and labor input in the credit
services sector (n2t) should be interpreted as percentage deviations from
their steady state values. As we explained above, the signs of these changes
should be interpreted as the signs of the impacts of a permanent change in the
money growth rate. ‘

Table 2 presents the impact of a negative shock to the money growth rate with

a serial correlation of 0.99, that is, the shock is very close to being permanent. The
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dynamics of the response of all variables is exactly that of the shock so that the
persistence of the monetary shock implies persistence of each variable in the direction
of the initial response. The first column in table 2 presents the signs of the level
effects on variables in group A and the effects on all variables in group B. The
second column presents the signs of the growth rate effects on variables in group
A.

The immediate effect of a surprise reduction in the growth rate of money is as
we expect from the model. That is, the nominal interest rate decreases leading to a
reduction in credit goods production and the velocity of 'money. The inflation rate
obviously goes down but by more than the nominal interest rate so that the real
interest rate is going up.' These responses are consistent with the wide observations
on these variables during the post stabilization period. In addition, the growth rate of
all real variables goes up, so that consumption level and growth rate are higher as
we uSua.lly oBserve in response to stabilization. Hencé, the reduction in inﬂatioﬁ has

a real impact on the long run path of the economy.

Concluding Remarks

In this paper we developed a monetary growth model designed to addreés
observations concerning changes over time in the relative size of the
creditand banking sector, growth rate of the economy, and co-movements among
inflation, currency velocity and the relative size of the credit and banking
sector. The model contains a new and hitherto unexplored channel for the long
run and the short run effects of changes in the monmey growth rate that can be

interpreted as part of stabilization programs. This channel arises because while

cash goods and credit goods are perfect substitutes in consumption and

investment we posit different technologies for their production.
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Because of this feature the nominal interest rate has an allocative role
in our model since it determines the price of credit goods relative to cash
goods. Due to this same feature the nominal interest rate also determines
factor returns, i.e., the real wage and the real interest rate. As a
consequence, the interrelationships among the money growth rate, inflation
rate, nominal interest rate, real interest rate, and the real grovth'vra.te are
different from those that arise in i;he usual monetary growth models. In
particular, we can provide an econonﬁc‘interpretation for the observations on the size
of the bé,nking sector and the economic growth rate in economies which experienced a
transition from high jnflation to low inflation due to a monetary stabilization
program. In particular, we show that a permanent decrease in the growth rate of

money increases the growth rate of 'outpu_t, decreases the share of the credit and

banking sector in GNP, increases the,real interest rate and decreases inflation and the

nominal intefest rate. |

So far we have prbvided_'a. qualitative. explanétion for the 6bservations. In
future work we plan to 'ext'end. the model qﬁantitatively to analyze the business
cycle implications during the peﬁod of stabilization. Furthermore, we are
interested iﬁ exploring the extent to which technologic‘al innovations in the
production of credit services and credit goods contribut.e‘ to movements in

inflation, interest rates, currency velocity and output.
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Table 1
Indicators on the Israeli Banking Sector:1968-1989

Employment  Teller Area of banks Inflation
in banks as  machines  per 1000 (annual %)
% of total per 100 people

people :

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
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* Sources: Annual Statistics of Israel’s Banking system
Supervisor of Banks, Bank of Israel
Central Bureau of Statistics

(Taken from Melnick (1993))




Table 2

*
Response to a Negative Shock in The Money Growth Rate

(deviations from steady state)

VARIABLE. LEVEL EFFECT GROWTH RATE EFFECT

+
+
+
+
+
o
4+
+

*NA — not applicable




FIGURE 1
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Figure 3
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