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GROWTH, DISTRIBUTION AND

TECHNOLOGICAL CHANGE

Amitava Krishna Dutt*

Department of Economics
Florida International University
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Departamento de ¥conomia
Pontificia Universidade Catdlica do Rio de Janeiro

Rio de Janeiro 22453 Brasil

A simple model of a capitalist economy is developed to examine
effects of technological change on growth and income distribu-
tion. It is shown that the economy - in the long run -can either
be demand constrained, labor constrained or capital constrained,
and the effects of technological change depend on which of the
three cases characterise the economy, and the relationship
between technological change and investment behavior.

* 1 am grateful to the participants of a seminar at the Department
" of Economics at PUC/RJ, for their comments.
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The purpose of this paper i1s to swamine the role of technologioal

i

progresse  in the determinaticon of growbh  and  distribution in
capitalist economies. The issue ie cne that is both important and
complicated and one that has received attention from goonoml ste

wmong others., Thi

35

fe less than Smith, Ricardo and Plars, A TE

pitalist

il

i

will confine its attention to a simple model of a C
goonamny which introduces technological change in a very simple

W

i

Vg in arder to analyse these issues. By =a doing it shall
hopefully be able to shed somne light on some questions that have
heern widely discussed in the relevant literature.

procesds as follows. Section & examines the basic

it

B

assumphtions describing the economy model led. Section 3 conslders
Fhe behavior of the economy in the shorb rurn, while section 4

Bl

i

mines its  long run dynamics and epquilibrium without techno-
lTogiocal ochangs. Gection 5 introdoces technological changs  into
fhe model  and comments on ite role as & determinant of  growth.

Gection & concludes.

The following assumptions are made 1n our mocdel .

i1 The economy oroduces only one good which can be consumed
ar invested and thus converted into productive capital.

7y Froduction  is undertaken by firms which  are =imllar

me bEE o Maretatiisn o dewice - o o Ehe

encugh  to Tallow



neeprecsentative  firm", which was wsed in the analvsis of

3
.

by Ealdor (19610,

{750

(%Y The firm produces with a ficed ceosfficients production
furction exhibiting constant returne to scale of the Lype

o= omin LE/Aa , LAia (1

where ¥ ie the level of oubtpot, F obhe stock of capital  esployved

by firms, L the amount of labor used by firms, a i@ the (techno-

logically? fived capital-output ratic and a the fixed labor-

output rFatio. The input-output cosffcients need not be taken to

H

be given technologically, but may be interpreted as the potertial

ares  given  techrnology, esfficiency, and social arrangemsents.,

(41 Tetal incoms s divided betwsen wage income whioch goes

to workers  and profit income which goes  to capitalists, &

" 1w wmaved (the rest

E
na
s
iy
3
W3

corstant fraction of profit income,

B

I

consumed) , while wages are entirely consumed.

(%) Firms make investment plans which are independent of the
saving decis=ions made in the scornomy. The investment plansg  can

e portraved by a desirved sccumolation funotion., We s=hall some-

+

times assume, for simplicity, that desired investment is given in

s

frat

real terms, So

s
i

I o= 1= (o
But more generally, especially when examining the long run moves
ment of the economy, we will assumse that the desired accumulation
furnction ie given iy

Ak = a + [ 4+ o (XKD (3

where  a, b, and ¢ are positive constants,  and v o the rate —of



bl b Investment (as  a ratio of the stock of capital) is
szoumed  to bhe s linear (For simplicity?) snd positive function of
the rvate of profit and the degree of capacity utilisation.
Higher Frates of  profit induce  faster rates ot dealred

sacoumulation, this being a central canon of neo-Feynesian growth

i

Lheory. Higher rates of capacity wutilisation imply a greater

di ¥ fterencs hetwean actual  and desired rates of capacl iy
utilisation, and thug induce greater acoumalation.

marbet and ot be  in 2

(&) Firms  are assumed
perfectly competitive environment. Fuller ewxamination of their
pricing and output behaviow will be considered later o,

(7Y The money wage, K,  is taken as glven.
smed ho be the same as the supply  of

(8 Population,

1T abiour M, 1s smed bo grow at the evogenously fixed rate n S0
" g a 3 ' 5

thalt (with overdobts denoting time derivabtlve

g

PLARE = ey
(9 Techrnological progress is assumed to ccour through time.

This techrological progress can be weitten in the torm

wheres t = O, £ <1, and where 2 = ¥/, ocutpat psr worker, and k=
i 1
Bl capital  per  worker, We use hers use a linsar form of

Faldor ' = (19411 techrnical progress function, which relates the

rate of growth @ positively with the rate of growth of kK,  and

represents the techrnological dynamism of the esconomy.

Za The suonomy in

In the shoet run We sssuame that K, M, and s the irput-ootpot ratios- -



Ay e OLven. We consider in tuwrn the cost conditions facing the
Filivm, ite production and pricing policies, the determination of
saquilibrium with  given investment, and the determination  of
squilibrium for the general case of the desired accumulation

R RT aYnk 35 Wil u i

T

egarding the cost conditicons of the firm in the short run,
me first define the potential owutput of the firm, %, as

£ 0= min [ MSa , F/a ] =y
[ T 1
which is obviously the maximum output that can be produced by the

T . Figure 1 eshows this maximum level, 1{a) {for the case in

which the capital constraint is binding and E/a < MN/a  and 10b)
1 o

for the case in which the labor constraint is binding, and MN/a

]

Lok

| AR . The economy need nobt prodouce at this potential level ,

t

i

= that X096 18 possible. Figure 1 also shows the marginal co
!

curve for bthe firm when £ is les

i

than pobtential. I the Firm

s
1
jalt
o

produces less than at the potential, it must still hold on to

H
T3

i
-
3
iy
z
B

ite capital, but 1t can conceivably hire less labor,

i
iy
1t
i+
i
i
-
il

cts, Thiue marginal

assume away Long term labor conte

given by a W, and are shown by the horizontal linme in Figure L.

[

We nmext turn to the production and pricing policies of  the

i

FLE M. We assume that the firm determines its supply price, F

s being market up on its prime costs, which are here the same as

ites marginal costs. We assume bthat the marbkup rate, z, 18 given

e
o
i

i+

by the degree of monopoly power a la HKalecki (1971, =o
From= (lezsa W (73

]
This supply price is also shown in Figure-i. — @iven any level of



production ¥, the peice which clesrs the goods market by eouating

the  level of production to aggregate demand we call the demand
i
prloce B e then assume bthat the firm increases output st a
¢ =3
rate depending on the difference betwesn P oand P, whenever such

an expansion i possible, which can be formalised by the sgustion
ol =
dxsdt o= & [F - F For XTE 5= (82

Thie implies that if eguilibriom ocutpot is rea

that diddb = O, by (8, P o= F = P o= (l4zra W, I+ eguilibrium

mutout s reached at ¥=XxX , the firme cannot raise output due  to
£ ] =

capital  or labor constraints, and F = F - F . This type of

formalisation synthesises the work of Faleckl and Faldor (as well

as  obthers! with a simple theory of pricing and outpot declision

4
maling by firms in a Marehallian fradition.

We rmow analvees

the determination of output and price of the

n
i

soonomy in the short run for oa given level of investment. It is=

obvious from the foregoing that there are thres possible cases to

consider, one of which has X0 and two of which have X=X ., one
f F

irn which capital is the binding constraint, and one  in which

labor 1= Before we consider these cases Fowever, let us

examinge how P ois determined. Fecall that P is the price which

gk s

o B glven X, Our assumpbions regarding consumpticon and invest-
mert dmply
o= iWAPYa X (lesd DX - (WAPTa 10+ I

[

whlch implies in turn that

i

3

H
H



mbla X0/ lax-1%) {100
o u]

e m

o

which shows that there iz an inverse relationship between F ared
L -
wLoud

b4 tor the given 1%, ite slope given by —isWa I#/(gX-I%) . It
[

ia shown as the curve DD in Figure 2.

Conslder now the first case with X085 . In this case, as we
Maswve =een,
From o (L+m) Wa t1ie

=) wlul
Simce this P ig equal to hoth F and F the egquilibrium value o

-+

output  can be fourd by substituting eguation (11 into eqguation

(137 . This gives

¥ o= (lezdi®/ze (L

This case is shown in Figure Z(a), and will be called the demand

=

constrained case., The DD curve must intersect the F line with
LK for 1+ with sguality, at the level F ). This reguires,
clearly, that the parameters of ouwr model must be such that

{4z yIw/re o X C170

I
I+ this condition is not satisfied the DD cuwrve will interssct

e

the wertical ¥ line at a level higher than P, and we will be in
al
orne of the two obther cases, with X o= 4 In words the demand is
F
too high to allow an sguilibriuam with X9X .
£

I one case, £ = E/a which impligs that

[ 1
o= R /A 14

The eqguilibrioum price is obtained by substituting (142 in  egua-

y

tiorn (10, which gives

Kia 2/ {ak/a - 1#) (15D
] i i
Thie caze to illustrated in Figore 2iare - dhite thie - case -has-

oo =

1

"
=
st

i



capital as the hinding constraint and labor is surplus, the other
rase  with escess  capital and labor the binding constraint  is
showrt in Figuwe 240, Eauilibrium P oand ¥ in this case are glven

o
arcl

It i= instructive to sxaming an alternative geometric depic-
tion of these short run eguilibria. Figure ¥ we measwre r on the
Forizontal axis, and 7 and 57K on the vertical asis  measuring
up o and A7 on the verticsl meazuwring down. From our saving
asauwmption we can sae that (with 8 being real savings)

Sk = g 16
while ow Fixed investment (and fived capital stock in the short
oy assumption implies

TA, = [®/K
which is fixed. Thess provide use with the B/ and I/ curves of

the upper quadrants, which must intersect to satisty eqguation

=

(7. For the case of F = F we have, using sgquation (11 and the
definitional identity
o= Wa X+ PR {19

the eouatilon

For given z this gives the relationship between r and X/KE in the

Lower oguadeant,  which is valid only for eguilibriom X

ie  constrained  in some way (with the shortage  of o



Labory, then this curve becomes horizontal, ard = is no longer

we shiow the

sarnot . In Figure

I
3
3
il
i
ﬁd
O
e
E3 ]
[
i
g
et
i
HE
T
T+
i

demand constrained case, in which equilibrium X7 1z less  than

t/a and MAa K. Iin Figure 3ib) the I/ and S/F curves intersect
1 0
to determine v, but XK ls egual to l/ia implving  that  the
1
gconomy 1s capital constrained. In Figure Sio), o the  other

hand, A o= Mia B implyving that the sconomy 1s labor  cons-
T
trained. These Figures do no explicitly determine the egul-

librium price level, but for given W and K, with everything else

determined, it can be solved from equaticon (190,

Our  analvsis so far has assumed that desired investment 1s

3 ved i real terms. The same results would be obtained 1+ e

i

oy

smumed investment to bhe given by eguation (3 instead, and this

ifi
s
id
R
i

@acily with the geometric device we have just used, F o
the demand constrained csse, we can substitube equation (207 into
eaquatian (3 o obtailn

TAR = & + [ b+ cl(l+zisz 1 r (217
which replaces the horizontal /7K cwrve of Figure T by the upward
Fising cwrve of Figure 4{ia), the demand constrained case. kihen

L4 bhecomess fived, either by capital or labor constraints, (3D

hecomes

5y %

TAR = @z 4+ o iX/ 0w 4+ Iy Lt}

walue of X

where (/1% ie the fiz ko, and the slope of the /K
curve i only by Flatter than in the demand constrainesd ocase,

The capital and labor constrained cases are shown in Figures 4000

and 40, We only require, for stability, that the slops of the

investment curve iz lems than the =iope of the saving - curve, -8 -



cufficient condition for which i1s that

EERC SRR S A I a4 NN

i

ftherwise, with the investment response heing greater than the

b

4]
i

31

ving response, the short run eguilibrioum would be unstable.

4. Long run o dynamics and eguilib

We  now  examine the long roan dynamics of the model. Wer  mhall
continue  assuming given technology by taking the input-output
Fatims  to be fixed, an assumption to be relaved in the next
section. This iz dore to enable us to foocus on dynamics due  to
changes in capital stock  and the supply of  labor given by

s

eguations 5 At {47, e will conszider in twn the demand

By

comstrained and output-ast-potential cases.

i

The demand constrainesd case 19 eazsisst to handle. In this

casme  we have of profit is determined by the inter-

soction of the 5/ and I/ curves of Figure 3ia), and A/K is also
determined in the Figure. Changes in B oand BN odo not changes  any

e
b
i

e of the threes curves determining these wvarilab 2, s that over
the long run these values are also the eguilibrium  values.
fssuming away depreciation, the rate of growth of capital stock,

e Cfrom saquations (21 and (EEDNDY to be esgual to

ey

Py
o
1
1
H
o
i
e
H
ot
:
+
s
L
“
4
i

o= oa b Lheoilezd Aelis

The: sconomy  will remain in this type of  long  run egui libriom

=iy

none of the parameters of the model change {as we

indetinitely 1

i

will A EUME

;r‘i“

e the caser, and 1Ff gin. I+ grn, eventually



the sconomy will hit the labor constraint, and the natuwe of the
short  and long run sguilibria would have to change to take this

into account.

We  rmow consider the capital and labor constrained cases.

’

In the capital constrained case, X/ = 1/ , so that substitution
1

iy

¥

into equation (3 implies
TAK = & + /& + by (250
1

which is the full capacity wtilisation case. With the economy

ik

tabor constrained, X/ = N/a K so that
o
I/ = a + hr + ociM/a k) el oy
[

which 1= the excess capacibty case. In the full capacity

JE from LN tio

il

ptilisation case we equate I/ from (25 to

=l ve For

¢
3
i
i
i

i
ifl
]

+ ool 1/ (et (270

«3 =5
1
In the labor constrained, excess capacity case we equate I/7E from

(ZéEY to S8 from (21 to get

which implies that
g = sla+c(pM/a K1/ (s-) (e

The growth rate of capital stock, g, has been caloulated o
zach of the ftwo cases, In the case of full capacity wtilisation,
egqualion (27 shows that 1t is independent of the value of RNAE,

andg determined completely by the values of the fixed parameters.

For  the case of excsss capacity,  however,  egustiorn (28 - shows

10



oo

that i1t rises with M. Figure 9 shows these relationships, with
i ko
G showing o for the labor constrained case and g showing g for

it

the capital constrained case. By the g curve we will denote the
B
seoment of the g ocwurve for the excess capacliby region in whi b

ey

MA S a Ja ., and the segment of the curve for MAEFx Ja , the twa
a4 o 1
heing eaqual abt N = a Sa . The Figuwe also shows the rate  of

growbh o aof N, o,

Tweo cases must be distinguished, depending on whether a /a

S fan ar greater than M/ at which the o and g curves

ie 1

i

3ot

.

intersect. Figure S(a) shows

el

e Firest case. T4 the initial

short  run egquilibriom is one of excess capacity, we will start

=

+ull

1

from & position of MR O a Sa ,  while 1F 1t 1s  one {
x4
rapacity, we will start from a positicon with HNAE 0 e Js o I
o 1

@i ther the economy will move to the right ihitting full

sapacity  1F it started off with excess capacity? an grow  along

the g line with increasing NE and unenployment,  bob owith  full

et

capacity  wbilisation. Figure S5 shows the second case, in
whd b we can shtart with exoess capacibty with gdin (below EY  or
with g ihetween F and & 7a ), or with full capacity f(above

o 1
a /sa ). In either case we end up at B, in a position of long run

o 1
eaud librium in which the sconomy operates with svcess capacily,

brot bas fully employved Labor.

Me thus have three different long run ontoomes, constrained,
resnectively, by demand, capltal and Labor. Whvickh of the long

rurn ouboomes  of the sconomy will end up o with  depends on the

11



1

values of  the sarameters of the model. We  conclude  owr

discussion with a simple comparison of the three

possibilities,

showing how  they can be treasted as being alternative ways of

closing an underdetermined model. In the sconcmy we have besen

considering, since output can either be consumed or invested, we

Favwe

where U is the real consumption per worker. Bleo, from sguation

(1%) we havs
1= W/ FPra + 1 (E/X}

o
The savings assumption implies that

Finally, our investment function implied

o= oa b b b o (KSR

A

We  thus have four equations to solve for five wnknowns: I«

WA, v oand A7k We clesrly need onese oore sequatil

e In Tong run

eauilibrium, given ouwr assumpiions, we have to sabtisfy

W/F < 1/7a {1+

We have shown that depending on the values of the

soonomy will be driven to satisfy one of these as

7

provide  the fifth eguation to close owr model.

strained long run equilibriuam uses equation (110

parameters, the
an eqguality to
The demand con-—

to make  the

firset an eqguality, the capital constrained equilibrium makes the

second, while the labor constrained equilibrioum uses the third.




Irn  this section we introduce technological progress into our
moclel and esaming the role 1t plavs in each of the three types of
long run eguilibria we have analysed, arnd make some general
comments  on the role  of technological change  in growth  and

distributions based on ouw resulte.

I the demarnd cornstrained case, rvecall from (240 that the
rate of growth of capital stock depends on the parameters of  the
irvestment function (a,b amd ), & and =z, and is independent of
the input output ratios. Also recall that the eguilibrium value
of v depends only on these parameters,  and iz hence independent
of the technologicsl parameters, and by equation (203, for given
roand =, the rate of growth of B ois egual to the rate of  growth
of H. Finally, sirce the level of emplovment, L ie given by

W have

The techrnological progress function (8 can be witten as

X% o~ L/L =t 4t [g - L/L3 (T4
I 1

{lur result that the rate of growth of B egquals the rate of growth

oo ¥oin long run equilibriom implies g o= /% ao that (G4 can be
rewritten ag

E/4 - LAl =t o+ b LESE - Lo

Substitution Ffrom (O gf terms imoliles

- T U AP A S v

1
Unward shifts  in the parameters of the technological progress



“
function will increase —& 73 .

Thus in the demand constrained model the technological  pro-

grese  function determines the rate of decline of a for the rate
]

cf growth of labor prodoctivity). bhether or not a changes 18
12 i

irrelevant  for the model. Technological change cannot  affect

i

the rate of growth of cutpot, which depends only on the para-
meterszs  of  the saving and investment functions and  the markup
rate, From squation {53y it follows that more  rapid  ftechno-

logical progress would, with owr assumptions, redoce the rate of

i+

empl oyment growth  and  thus  increase  unemployvment in thes
13

SCOnomy . The nly way in which this would not happen 1s  1f

changes in the rate of technological progress resulted in changes

in  the parametsres of the saving or investmnent functions, or the

marbkun rate, possibilities thset we will tuwrn to later,

I tyes sibal constrained case we have K7E = 14a whioh

implies
- -V T S ! R

i 1
Since it 1w etill true that L

= a X we also have equation

The technological progress function can be witten as
. . . R
A%~ LAl =t o+ b LR -~ HAEY A+ (K - LAY
o 1
which implies, from sqgusaticons (33) and (341, that

] . L4 -
= R = + b La /a - om Sa ]

I B I} i 1 1 [ B

which can be rewritben as

@ Sa o= b S{l-t ) - [h JSil-t 31 (-a Sa )
oo o 1 1 1 1 1
Givern the parametere of the techrnologioal progress  fanctbion o we -

14



obhtain a Lingsar, doawnward-szloping relationship betwesn —gm fa and
oo
—-a /a , which i the same as the innovation possibility frontier
1 1 14
nwsed in nesoclassical growth theory. The techrnological pro-

gress function cannot tell ue where on this frontier the economy

il
'

will be, that is, what will be the natuwrse of the biaz of techno-
lTogical progress. Kaldor = (1957 Ystyvlised Ffachts", however,
would  sugoest that the capitel-output ratic ig congtant over the
Lo run, =0 that A oja o= O, dtmplying that technological progrese

11
Harrod-rneutral , again given by equation (35, This type of

et

et
i

i

technolagical progress  also results in a steady stete growth
15

eguilibrium which is easy to analvse.

i

ghows that with a const
1
technological  progress  does nob affect the rate of  growth o

nt, the rabte of

1

e

i

capital stock, g fAlec, with X = K/ a , cutpout grows at the rate
1
0. independently of the rate of technological progress.  Egquation

(R thus implies that a higher rate of technologlcal  progress

will merely reduce the rate of growth of employment, worsening

HY

the problem of unemploymnent . The rate of profit would not change
(thie follaws from equation (3100 and the real wage (from  (Z0))
wonld rise over time {(and at a faster rate 1f  technologicsal
change were mors rapld). Since (W/Fra doss not changes, the
distribution of income would not change. Al this need naobt  be

true  1F  technological change involves redoactions in o a .,  orF

Fimally, comider the labor constrained case. In this case

14



4]
e
fa
a;
e

we have 4 o= M/a

.
FE o= - oA /a CZED
[ [w]

Irn this case the rate of growth of output depends on the rate of

growkh of labor supply and the rate of fall of the labor-output

ratio {the rate of growth of labor productivity). fAresuming again
that techrnolaogical progress is Harrod neutral, so that a higher

rate of technological progrese only increases the fall in a 78
[ [

Faster af technological progress, from equation (380 would

i
=
i
Pl
4

a0

increase  the rate of growth of the economy. Empl ovment would
grow  at  the rate of growth of labow  supply. Im long run
eaquilibrium, the rate of profit would not  change, implving a
rising resl  wage over Lime. A faster rate of technologicatl
change wowld increase  the rate of profit § this follows  from
(%1, since the rate of growth would be higher), ~aise the rate
of  growth  of the real weage in long eguilibrium  (since  (W/F)ra
o
muet be corstant at long run eguilibrioum, this follows from (00,
ard  also raiee the degree of capecity wubilisation (this  follows

oy

from equations (21 and (32)).  But since in long run eguilibrium

tagain  from  equations (31 and (32, =2 higher X/K implies &

lower ri{/¥), implving a higher (W/FYa in long run eguillibrium,

s that the labowr share in incoms Qoes up.

We rmow make some general comments bassd on owr results.

Firast, our model shows (in the absence of poseible effects

o obther  parameters)  that in general, greater technological

dyvrramiem need not increase the ¢

ste of growth of--the economy - {ar



improve  the distribution of income). This sesms to bhe the only
poesibility in growbth neoclassical models. Faldor (L1957, 1929,

1550, 19611, no neaclassical, aleo argusd that greater techno-

s

1i dvnamlismn would rnecessarily inoreasse the rate of growth of

T e N

the Economy. g vesultes contradict the neoclassical claim

which should be no swprise, given the different sssumptions made

here, Dot also Haldor s, This is eomewhat swprising, since owr
inesches ] iwm oeimilar in ospirit bto his. The difference in resulis

syumed - 1llegitimately 1n ouy

lies becauss  Faldor  simply

i

epiniorn ~ that in the long run the esconomy would grow with  fully

emploved  labor, while owr sodel shows that while this is  one
14

possibllity, it is  nob the only one. In the other possible

greater  technologicel dynami=zm would reduce the rate  of

[AEEE,

+

Labour absorption, and leave unchanged the distribution of i1ncoms

anc growth

Second, it 1= a change in the technological

dyrmamism of the sconamy could change some of the other parameters
e the model, and thereby have obther effects on the rate of

rowth of the sconomy and ite income distribution.

One  possibility, central to the writings of  Schuspeter

P1WE4y,  is that s higher rate of technological progress could
affect the rate of investment., Falecki (19710 argues that one of
the effects of technological progress is that new machines are

Mo e than old ones, o that the resl ocosts of

operating  old machines rise as a result of the introdoaction  of



nes machines. The profibtse from the old machines

transterred to the new ones. AL this implies

o techrol ogioal wotl o increase

17

[ agyresE

irnrvestment . Similar ideas

atiorn and competition. Marw (19743

]

luln acoumel

change as resulting from competition, and

betwsesn capitalists. farny capitalist that

irrovate would  not he  able to survive

atyrungle Conseogquently, i 4

wer e opened up, the pace of accumulatiorn could b

acoeleratea. fert: all ec iets ~ even those wit

™

IO

tradition — howsver, have accepted these ideas.

in his  analysi acouamul ation undser  monoplilst

that

hLaris

s oy aiaYl N

AT OO ATy

imvestment  like a shadow, 1r

fonproe, v Faran (1957

arcyeiercd

in kis First edition, but changed his position som

Baran and Bwesry (1946) took & middle

e el

betwesrn  two types of technological changes, Reg

inmovations  they argoed that monopoly capital

on the implementation of the new

products bto protect existing capital wvaluss, fricd

ot

irvestosnt ., "epoch-making

avtomobile tend
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and hence great
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worsening in the distribution of dncome. Thiw redistribution of
i oyme e oam capitalists to workers, ol ven o savings

smptions, dmplies {other  things constant? a reduction 1n

aggregate demand, lower capacity wbtilisation, and & reduaction i

the rate of growth of the sconoamy. I+ & higher rate of techno-
toaical change aleso increased investment spending, the effect on
the  groswth rate would depend on bthe strength of the two  opposed

foroces, but the effect on income distribution would be negative.

that a2 higher rate of technologicocal  change

could  spur investment, bot yvet be immiserizing in the sense  of

reducing the rate of growth of the sconomy.

I this papeyr we have developed a siople mod of  a capitalist

€Y and amined the sffects on growih ard R Tstule]

i3

diwtribution  of grester techrnologiocal dynamismn.

e have  found that the effects of such increased dynamiem
wowld  depend ocrucially on (1 whether the economy happens to be
demand constrained, capital constrained or labor constrained  in
the  lomg  runy, arnd (Fr the relationship  betweesn techrnologicoal
change  and some parameters of the model, such as the investment
paramsters arnd the marbup. {inly in the labor constrained oase

does greaster technological dyvnamism have the favourable effects

Fave becoms a part of conventional wisdom, Dot there 18 no

ressnn why bthe economy of ow sodel, given the configuration of

ol d end wup thos constralned, Imn the obther

parameter wvalues,

cases, the effects depend on the other relationships mentioned,



and not enough ie known about them to pass a definite  judgement.
Fut  our snalysis shows that greater technological dynamise could
possibhly be  immismerizing, and sugoests what issues  should  be

further  explorsd  Ffor ascertaining the likelihood  of such an

i

The conclusions, of couwrss, are derived on the basis of
W ERET Y simple M e Coromi o growti mociel Wil o analvees
technological change in a simleminded manner. For example, tThe
economy portrayved  in the model exhibits fized cosfficients of
producticon.  HModifications to allow for flexible coefficients

would hlur the differences between the demand constrained  and

capital constrained cases, but keep them apart from  the full

i

arding

il

. wmo that ouwr mailn results re
=
technological dynamisn would not be altered. Technological

employment of labouwr cas

g

chanoe in the economy, Shough introduced with Maldor s techno-

A

logical progress function, iw i effect exogenous in owe model.

H

£ proper understanding of the intersction betwsen growth  and

¥

distribution on  the one hand and technological change on the

o

i

pther, carmmot be  thus developed on the basise of the model,

although hopefully, 1t sheds some light on the effects of techno-

11

logical change on growth and distribution.



1. Thie type of investment function was suggested ear
Steindl (1RE2). See Dutt (1984 for & fullesr description.
jEn Momey wage dynamics could be introdoced into the analvysis to
deal  with inflation, but would add nothing to what concerns us
fFere.,

. The case in which Bsa = Ksa  de nob considered separately.

0 1 ot
4. There i9 no need to assume that P opust actually rise to its
@auitibrium level. I+ the firm is senzitive enough, even a
tendency  for PdrPFes will o result in O0f possibkle) the output
FEspones, s0 that there may be imperceptible price changes.

S, I 1 o were an inoreasing funchtion of X, then it is possible for
thie curve to have a positive slope

& Thie type of instability could alwavys push the economy to Xp.
We  assuame  short run ostability, which follows almost  almost
macroeconomic approaches, including those of Eeynes and Falecki.

e This model Fully worked out o in Dubh R See alen
Fowthorn (19827 for a =similar model.

B, The amalvsis $follows Dutt Gn preparation?.

-
[ S

. The two curves intersect at Mo = {ao/cilnil-h/sr—ad.
ate casme in  which the two are egual s sssy to o
» 1w the gase in which the n curve 1s alwavs below

-t

£

intermedi
Wt
curve (even at MAK = 1,

fael
o

10, Due to parametric shifts, the scornomy could, of couwrse, De

ehifted from one regime to another.

e 4
11, Bes Marglin (1984 and Dottt (19E64Y.

g Thers is one negative influence of htechnologiloal il alntal =181
which has been hidden in the fore of owr investeent furnction o
I+ the rate of investment is to depend on an inder of capacity
wtilisation in  the presence of technological  change, it is

peErbaps more sensible to rewrite 1h as

PAD = & 4+ by + ' a A

where o = ¢’ al has been substituted in (351, The reasaon for wusing
thie form the ratio of actusl to potential output Cwhiich
ought to bhe a measwuwre of capacity obtilisation) is alz/ K, not X/
In this case, i% twohnological change implies that al falls
through time, the utilisation of capacity falls through time and
hence the ¢ = momy declines, This should be an
indication - that technologtesl progrese-only redouces = - and fotb

b bhe e




al, as  will he assumed explicitly later  on. This possible
neaative effect of technological progress on investhment will thus
e Lgnored.

13 Simce the real wage, however, incresases, the distribution of
irncome will be unchanged las long as i 1

& leo the case +or Harrod' s modesl and for the neo-
Lcal growth model.,

1% &

1é. Gee Dutt and FMauretts (1984) For a more complete discussion

of Kaldor s resullt and its legitimacy.

S R A A Kalecki '« ideas are also spelled

2 k :
one of his last papers, Falecki (194680 .

14, The effects of these types of innovations could be felt
through upward shifts in consumption funchtions. In our models, s
would fall, and the results would be similar to those affecting
the parameters of  the investment function, for  the demand
constrained and capital constrained cases.

19, The previous paragraph impliess that this could happen  even
when investment responds positively to the rate of technological

hance.,
A Bee Dokt (19HG, in preperaticon? for oa formal model in o which
the markup  is endogernously determined and this proposition ie

demonstrated.

1. Dottt (in prepesration? considers these moditio
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