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Abstract

Thiz paper considers a simple Keyneszian macrceconomic model
that allows for growth and fluctupations. Expansion and contraction
are assumed to be due to Temporarily systematic shocks that propel
the economy away from a long-run equilibrium growth path. When
such shocks have dissipated their effects, the economy returns to
equilibrioe growth. The model iz compatible with unemployment as
the usual state of affairs and price inflation in the presence of

Frovwing unemployment.



A SIMPLE MODEL OF ECONOMIC CROWTH AND FLUCTUATIORS

By José Encarnacifn, Jr.

I. Imtrodoction

There appear to be essentially two ways of modeling economic
Erowth and fluctuations. The more usual way is to postulate an
inkerently cyclical growth path, possibly with floors and ceilings
(Aller 1867, ch. 20). &n alternative approach involves a long-run

growth path that is eventually stahle (in a semse to be defined

below) under certain conditions, but those conditions are not likely
to be fulfilled always so that the zcotual sequence of avents
fluctuates around the long-run growth path. This paper presents a
simple model of the latter type which is compatible with the
following cbaervations: full employment is not the usual state of
affairs; employment &nd the real wage both rize during the Pecovery
phase, and the unemployment vrate increases while the real wage falls
during a recession (Bodkin 1969); price inflation with Erowing
unemployment :s possible. Briefly, the model is Keynesian in the
long-run (in having a long-run unemployment equilibrium) as well as

in the short-period.

II. The Model

Theve are 12 variables: population H, gross investment I,
capital stock X, money supply M, exployment {(demand for labor)

N .- *labor punply HE, price level F, interest nate r, saving S,



money wage W, output and income Y, and unemployment rate u.

Conzider the following relationships pertaining to a short-

period (the subscripr t is omitted):

(1) xo= Flx, W)

(2) ¥ = g(W/PIK

(3) ¥ = niW/P)H

(5} u = (8 - Wym°

(5} & =1{(-=a + g¥/FIN + y{Y - HW/P)
{(6) I=1(o+ &+ (=K + 8(¥Y - K)
7Yy "= LK, ¥, v)

(8 I =58

In eq. {1} we are assoning a smooth ageregate production function
omogeneous of degree one, with ocutput the same good as the capital
stock., Thus im (2} the demand for labor corresponding to any particular
real wage ix proportionsl to i:-:.—'«'f"f Labor supplied is assusmed to be

proportional to H in (3). Equation (&) is definirional, and we reguire

I

L {r.

It i= a2ssumed in (5) that savings propensities outr of wage and
prefit incooes are different, so that agArEgate gaving depends on the
income distribution. Saving ocut of wages iz (—o + EWH/PM and that
cut of profits is y{¥ - ¥W/P), where we expect the parameters

Zy Bs ¥ Toobe-all positive with vy . B.
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he investment functicn (6) iz hased on the following considera-
tions. GSuppose thet the expected demand for output in the next period
iz (1 + n)¥, n being the population growth rate, and suppose that
there iz a normally desired capital-output ratio v, a parameter.
Then the capiral stock desired at the end of the period {the same as
the beginning of the next}, Eﬂ, equals (1 4+ nlv¥, and the
investment needed to give 9 would be

Kri_n_gjp;={r,g.5}}:+(1+t:){vT-K}

where & is the depreciation rate. In (&) the PErEmETer g,

b<g = 1'+n, allows for the possibility that the capital deficiency
w¥ - X' 35 not required to be fully made up in the curpent period.

The interest rate affects investment threugh  jir), with §'(r) < 0

and j{r} = 0 for some value of r, Zay

Az usual, in {7) we assume that the real-balances demand funetion
L is =uch thar Li > o, E.E =l L, < 0; further, we 2zsume that L dis
homogeneous of degree one in K and ¥y =0 that in partieular,
AM/P = L{AK, LAY, v*) wouid hold. Equations (7) and (8} are equilibeium
conditions.

With H, K, M, and W given for the period, egs. (1)-(8)
should yield a solution for the remzining & variables. In general
the solution iz ome with uw > 0 rather than 1 = 0O {which would
be fortuitous) so that we have an unemployment equil ihrigm which

We assume To be stable; f.e., 3S/ay > 31/3Y7, which is equivalent

Ta 35/38 > 3I/9M in the shart-peniod.

=
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Prom {5}, .

(51 SN = - a o vE/R - (y - BIW/P = G(K/N)
This equatiocn can be graphed in Fig. I with the general shape as
shown, since Y/N and W/P are both positive functions of K/H.
{1f the elasticity of factor substitution is less than unity, tha
S/ function would have a maxisum). In each short-periocd, the

econoly is 3t some point on the 5/N ocurve, since (5') must

he satisfied.

The sconpmy will move to a new equilibrius Ffrom one period
to the next depending on the new valunes of H, X, ¥ and ¥, fFar

H and K we simply have

{9y °H

2]

{1 + n}H_I

{10y K& (1 -6, +1

W

=1

Wow {6), putting

U]
fe=]

(i) aixd

T e SR

fives

CEYY. TN 5 3

which is graphed in Fig. 1 and can be thought of a= a long-run
relationship. We assume that (5') and {(6') intersect at two podnts,
ruling out the casze of po intersection (i.e. no long-run aquilibrium)
and the singular case of one tangency point. Suppose, then, that the
intersection point e is determined by (1)-(20) and (4)-(ii).

Theze 12 equations determine 21} the current variables (inclpding
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M and # in particular) in, say, peried r. A: + 4+ 1, given
appropriste values of H+1 anid HTI’ ega. (13-(10} would then
maintain the state at o. The simplest case would be to have
Hei = {1+ nlM and Wp1 = W. It is quickly verified that the
values of vhe variables are then either the Same as or else
{1 +n) times their previcus values., A long-mun equilibrium
iz thus possible at & wunder certain initial econditions and
"eorrect” determination of M and H-E'f

A constant money wage 1z clearly unrezlistic over thae Iomg-run,
énd 2 money supply that prows exogencusly =t the rate n  per period

iz nov meck better. Consider, then, a Phillips-curve type of

money-wage adjustment equation {Fhillips 1958)

{11y (B - ¥ /W =f({P. - p /P

iy
a
e
h
A
5
ol
h
o
i

with the following properties: £ » 0,

=
£

s i, fix. 4. 0¥= x.. We RAlad suppose that

(12) tw— e WM =Y - ¥ WY
3 -4

iy :

Given the initial conditions, the eystem {(1}=012) derormines 211
current varizbles and subsequently the future path of the system.
It iz apparent that under the right ‘initisl conditions, a long-¥un
equilibrium still exists at ¢, which in peneral one may expect

to have v = 0.



Wa now wish to szhow that the equilibrium point ¢ is even-

tually stable in the following =sense: If for some reason K/N  has

been falling and has reached & point between a and ¢ where K/N
does not fall any -Pu_:r-:lﬂ.«\e::ﬂ,.3—"l say b, then the system (1)}-(12) wiil
move K/N from b te c¢; similarly, if K/¥ has been rising and
has reached a point to the right of ¢ where K/N¥ does not rise

any further, say d, then the system will move X/N from 4 to e.
Fluctuaticns arcund the lomg-run growth path would then be explained
by temporarily systematic shocks, e.g. by movements in money supply
not in accordance with {12) or investment spending not in accordance
with (6}, which propel the economy during centracticn (frem e o b)
and expansion {from ¢ to 4). Depending on such external shocks,

flectuations would vary in ampiitude and duraticn.

Supposa, them, that the initial =tate iz b. At b, S5=1I1I>

(o + §)K so that in the next peried + + 1, K

5 = MK, say, where

i > 1 + n. If the state vremains at b, K, = N and

AY = F(AK, W)

MM = g(W/PIAK

sﬂ = {-o + BW/FJAN + v(AY - XNW/P) = A5
Ip=(a+ds5lo K+ BlvAY - AK)
AM/P L = LOMG AY, r )




The real wage thus remains the zame, H‘1IP+1 = W/P, but the

wnemployment cate is less and, veferring to (11}, the money wage
- : = I :
increases [3f not ar t + 3, then at some lzter p¢riud,—f which
could be labeled ¢t + 1}. Hence the price level is hipgher and

therefore alss the interest rare, so thar I; <ALs But AT =98,

g Lo terefoms sannot - ha k = kN !
o I+1 i Themafope wa cannot kave 1+: XN, “and the

capital-labor ratic must be higher at 1 + 1. A rvepetition of the

X & . f e e . = o -,
argumest shows thar if ﬁé? ph11 and also H+? L"il’ O o B o
+hai o b i R | % 0 % - £

then Irz £ J+?. For eguilibriom we must have H+? - “g+i’ far

Neo > ul_, dmplies that investment increases more than saving at a
higher level of employment, which is the opposite of what is reauired
for stability of short-psriod ecguilibrium. In short, the movement

iz towards c. If, on the other hand, 4 is the inirial state,

the ressoning proceeds in exactly the same way except that inequali-

ties are reversed, =zo that apain the movement iz towards o,

Having established what we have called the eventual stability
of ¢ under the aystem (1)-{17), it is clear that the real wage
rises during the recovery phase (from b 1o e} and falls during
recession (from 4 te ). Moreover, employment rizesz during
recovery, for an increasing unemployment rave is incempatible with
the money wage rising faster than the price level inm (12). Simi-

layrwy, the vate of unerplovment inCreases QUrite recession.




Thi=z raises the twin possibilities of risinﬁ enployment
and falling prices during recovery and of growing unemployment
and rising prices during recession. At b it is possible that
the interest rate is unusually high (i.e. greater than r#*) and
there Iz a capital deficiency. The course from b te ¢ would
then be one of falling r and increasing K/Y. This implies
from (7} and (12) that P falls through time while, as we have
already seen, employment increases. An opposite sequence is

thus similarly possible from & to  e.

ITI. Concluding Femarks

Harrod-neutral tecknical progress that iz steady through time
could be easily incorporated in the model but would add littie by
way of new pessibilities. What szeems important about technical
progress for economic flucruations is its non-steady nature--it
ococurs in spurts. Within the confines of the model, this could
be represented by a shifr of F(K, ¥) in (3) to nf(X, ¥), n>1,
and the value of n would be different with different technical
advances. The effect, ceteris paribus, is to increase the peal
wage, the return to capital, investment (through 8}, and therefore
growth and employment. Externmal shocks like oil price increaszes

have opposite effects: the real wage falls, as alse the return %o
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capital, investment, growth and employment because less ocutput can

noW be had for the same inputs of capital and labor (0 < n <1}

Finally, in view of the recent interest in disequil ibrium
models (Schwodianer 31978), it is of some intersst to see that the
shert-period Keynesian equilibrius model, suitably extended, can

be uzed to deseribe beth growth and fluctuarionz thenomena.
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HOTES

1/ This demand for labor (which equates its marginal product
to the real wage) I= “latent” (Edwards 1959) and becomes actual, given
the meney wage, when the sutput produced can he sold at the corres-
ponding price ievel.

2/ Although we have taken v a= a parameter, one could also
say that It is a function of long-run equilibriom values; specificaliy,
v = wl(W/P)%, r%, §) where (W/P}* and r* are the jong-run

equilibrium values of the corresponding variables.

3/ A lower limit to X/N would be imposed by some subsistence
working wige (since K/N and W/P are positively related), and an
upper limit by some minimm acceptable rate of return on capital. It
iz not necessary, however, that these limits should have to be reached

in any particular flustuation.

4/ The money wage mdy not increase right away if the price
lgwel has been falling, but with the rezl wage constant at b, the
decreasing unemployment rate must sooner o later increasze the

money wage according to (i1}.
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