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SOME ECONOMIC EFFECTS OF THCHNOLOGICAL CHANGE
by Hervert K. Simon

Some ostimstes of the magnitude of the direot effeet upon nutional
income of the introduotion of cheap atomie energy or cthsr tochnologiecal
shanges can be obtained by studying eimple ceoncm;ie nodsls, The change
in euergy costs will be introducod ss o change in the production funrtion
for energy, In the firet section, a rather geaeral model will be ezsmimsds
this will be reduced to & macronodel of aggregates in a subsscuent sootiong
and finglly & special cese of tho mscromodsl will be examined,
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Congider en economy in which & consumption good (y) is produced by ths
" use of certain factore of production (x-‘\ s Ael,... s)o The supply of =,
{lebor end lend) will be considered fixed, while 4 ke supply of the other
facéors will be deferm-imd by predustion funetion:: involv:lﬁg these factors,

Thug we heve
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The x A are components of the x, doveted tc different types of produstion,
The d)‘ ars paramsters desoribing the gtate of te:zhnoiogr in esch indugtry,
%t can easily be shown thet the results which follaw hold sven if some of the

X34 ars aqual to zere.)




vzm

From the usual assumption of profit weximizetien under ecompitition

we get additional relationss

(1.5) (Pl' ‘f’,\ ‘{/1(’\)9 ( A®25000,m),
(1.6) "Fl()\) = \‘I’}Q(}\) \fl(p)s (XﬂP“zﬂ‘“'sn)n

where the gubseripts desigmste partial differentiation,
Eguations (1.1) < (1.6) give us (nq-m) independent relations among the
=2sae0h} i,3

(n +n) variables y,.x)\ 9"5.;]“1""'"3)“ Hence we can enngider Lhese rerighles

as funetions of the G'./\ » end in varticuler, ws con solve for dy es a

function of “the d@), o Teking total diffcrentials of (1.1) = (1.2), wo haves

(?5;.";7) dy “’ij <# 1 dxi]_:r
()
(1.8) E—; Vi 77 dngy %( Aa L),

Substituting (1.8) in (1.7), it can emsily ke shown lothat the resulbing

exprogsion reduces to:

(1.9) dy = 2%4&()‘}& Ky °
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whera p ) u'r'c'b,\ soy=T & Ul-p}\ Xy e The intermretation of (1.10)
is sisplifisd if we Introducs & (.il (A ) hi’x(’\)ddk o Then we haver

(1.11) &y t Vi 8 (M),
y A\e2 Uy ?‘ )
° See Kenneth May, "The Agpregetion Problem for a One-Industry Mcde!," Econe

cmstrioa, 14:289-201 (October, 1946), Professor Mey's notation differs 3
frar tchet used here, but his model is essentielly the seme.




But 15_‘#_((% is the relative change in x, brougt about by the techno-
logical change in its productica fumetion, far given guantities of the fectars
of produstion. Hence, from (1.11) we read that the relative change in y is the
sum of the products of U;\/ U y by the relative change in preductivity of the
S industry.

(A
f\f)wa specialize to tle caso where -L.;U-)-"" )- k for A in some set -[)—:
_g_"ltf.(/\) = 0 for}\ not in [} , we zet:
(112} - k uro
' ;l Ty A%n_ Ao

Tt will be ugeful, at this point, v exemine the sconcmic significsmes of
our yesults. We are corsiderins, of course, only firs.t-order affeets, which
will be dominant if tls dcf.)\ are small,

1, From (1.9) we see that the ircrease in y is that which would be
echieved I the quantitles of fuotors used in produdng x y were hold constant,
vhile the inofement in x) resulting from the chmge in technology wers
epplied dirsotly to tle production of y. The absence of more complex sube
gtitution effects (or rather, thoir olimiretion in reaching equation (1.9))
is due %o the fact that deecrsssing or incressing returns produce only
socond-order offects, and Isncs do not come Into the picturk.

2, From (1.10), we sse that the effects of technological changes in
different industries are additive, whieh follows from the fact that we are
considering only firsteorder effacts., From (1»11) we gee that the relative
change in y is preportional to the retio of the walue of the factor produced
(and not merely thst fraction of it used in producing y) to the walue of y;
and proportional also to the relative change in the production function of
the fmotor. From {(1.12) we ses fwirther that if several factors sre indreased

in productivity by the same propostion, they cen be trested as a sinple factor,
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5o In a previous giudy of this problom, Kenneth May has warned thet
igaoring the it erreleti om of irdust::aie# mey load {0 an underestirate
of agpregnte effeots, From .hia enalysis he ar‘gﬁns :_. “ii‘; appears thet
téchnologicsl change has & cuwmlative effost in the aggregate and that ox
treme oare must be exerolsed in drawing conclusions aboub dver-an-effests

from date on particuler firmée“g’

- Iiaw cen the pcasibiiity,‘ which Mny foresees, of oumilative affests, be
recenciled with aur rosult that the effects are additive? The contradistion
is apparent rather then real, and lergely hinges on the terminolngical
@estion of whet orig means by “cum’ula’r_.iire;“ In the fil;at place, Yay considers
in his madel the posslbility of technological digz;ge in the consumption good
industry, hence his 'e_quatt ion corresponding to (---3;11) eoptains the addlitlonal
torn U" . § b

and equation (1,12) becomss:

and we hsve
>y

This is & ratlor inconsequntisl pointy - since, in our msdel it is
perfactly possible to leve 2. Ui >V and hence 9% > k. The resl
| | ‘ Ala g ¥ - |
issue is whother technological change in m economy of n industries cen
bs estimated correectly frau e model in which some of these industries are

remwesanted collectively only as aggregstes,

20 Kemoth B’iay, "‘I_‘edhﬁological Change and Ag’gr&ga.ﬁén," Econometrics, 15351 - 63,
{Janvary, 1947). -
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Ve must reeall that the U;\ in (1.12) ere gross values of the variocus
factors of production end not simply net "value added by manufacture.® Yore-
over, the U; in (1,12) refer, nct to the quantitiss of the factors anploysd
direstly in the prodmtion of vy, bt to the total quantitiss of ths factors _

be much groater then -w!;
produced, 1Tt is for this remson thmt ga‘f;wj_u in gomrﬂlﬁ Honeo, if the

get L is sufficiontly large we will have o (J. > U .
\afl p y

Hence, if the magnitude of s {small) technological improvemont affecting
one o seversl firmz is lmmwn, tha tobel affeet upon the production of eongumpiion
goods in ths ecvonomy ecan be coxrootly estimated from a knowledge of the ’J:;% of
the firms in question and of U“" , by the use of equation (1.12),

4, The gwstion may still be asked whether our r«sult is inveriant with
respoot o the defiaition of o "firm", It would be highly unsabtisfectory &0
the rssult obtained for a firm ecorrying on en integrated series of production
mrooesses would be altered by brezking up the produetim function for the
fipn into the several prodwtion funetims for the separate processes, Iiat
this s not the caso cm 'e&s'ﬂy be shorie .

The difficulty :l.ﬁ.volvsd in vortical integration iz that integration wiii

wiil in general reduce )?‘_q.,ui ty olimingt Ing gome of the inteimedlate fastora,
vin

Cong ldey bwo firms (or imduwstricrs), the product of the first being used eantirely
as ¢ factor in the prodga&:i'on of the seeond, then T U for these tem fimms will
ve Uy ¢ U3 whils if the production funstion were written for a vertienily
inbograted firm combining both produﬁticn prosesses, we would have Us U7 ,

Thy :sppaars.ﬁcfs of pavadex ig removed whan it is meégnized thaet sube
sti\‘;uﬁmg in our nedel the produetion functien of the Integrated firm for the
two original produwtion fimetions not oniy changes & U, but produces also a

eemporsabing ehangd in the k of equation (1.12).
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A more conorete understanding of these results may be dbtained by

applying them to the specific case of & teolmologienl change in the slectric
powsr industry. We may consider the produstion function for (a) electrie
energy at the central generating stetion, (b) electric energy trensmitted to
the plant, (o) e.lelatric merg;-,r applied through a power tool and (d) a commodity
produced by this ool «= each of these being taken s a disﬁineb product.
3 uppose we have a téuhnologiéal improvemant in {a) of magnitude k, This
means that & given quantity of factors of produstion will produce (k + 1)
times as much energy at the central station es befare, If our consumption

good bs represented by y, we have:

{1.13) by . Va ko
y Uy

If we consider now & power industry integrating steps (a) end (b), we wi'l
havas

1) a . Ya, __ Vo o Ugh UL +Vy .0

where Y '*-—-‘UT—‘k
b

In other words, we emn interpret owr change im productivity as rosulting
from & technological change of magnitude X® in s industry with product
valued at U',;, Similerlys

(1015) dy - U_ - u- '. U-' - U_ '.‘0
: Y U"; k. ”u_'; ( u',) k "”"'_J’;k

Hera k‘ji- and X are properly interpreted as the relative changes in

productivity in the integrated industries, however defined, corresponding



::)?4::3

to & change in produstivity k in ane of the component productive processes.

Similer adjustments can be mede whsrs technological chenge of megnitude

k tskes place in geveral of the preductive processes in the integrated industry =-

gy in power peneration end in power trensmission,

Conaidar the case of & tlres<firm sconomy with the funections:

(1.14)
(1.28)
{1.34)

(1.44)

(1.101)

(1.12a)

(1.148)

(3.240)
(1.34%)

(1.101%)

y - ? (211. 12),
xXo = ?b (3123 Lz C(a)s
13 fd g (2139 ‘::3)0

Xy ¥ ®yp ¢+ Zyz =% = ponstant,
Wa obtains

& . Yz Mead, « VU  %e
¥ Vy ¥ 2 Tr'";' 3 ads,

and, i ——1;‘-‘-‘:"( aega--m——%“ & =k, 1.e, 5$ RS TS

w9 have:

7 Uy °

How consider a macromodel in the variables y, Xygo X34 ¥ X33 *Xyz, end Xy
y= ¢ (x5, x).

_ \
)
22 - \P (214, Q‘.aa C[s) = \{}{x].z- F (1139 dj5): Jg?ﬂ
X1 + Xy "% congtant. '
Thent
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"% . 3-33"{ Lflé“adlz*-:;fv—i dd.sf
-2 f Ya ad, + W Se tq O
v {_‘CF' —-e-:'-q;-— 5}.
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Henes, we seo thet a technological chenge of magnitude k in two firms
in the micromodel corresponds tc 2 technological change of magnitude X -

(1+ ._._..._..._;Ul{_.ﬂ. ) k in ths macromodel,
2

In terms of our power-=industry exemple, this means that & technologicel
improverent of magnitude k in power production, sxd in power generation,
oorres;ionds to a change of magnitude ke (1o .__.L_).i. ) in the integrated

.
inguatry.

II

From these results it will be interesting to derive actual estimates of
the incresse in ﬁroduotion of eaisumption goods that might result from
technological improvements in the slectric power industry {or any other
industry). Table I gives values of -}i»- oalculated from equ@tion (1,12}

for various values of k and V_rL/ U, ye uhere Vn. -,\Z ()")\ e
inQ

For the power indugtry (ineluding tranemissien of electrie energy) in
the United States, V,n-_/ U‘y is approzimately ,06. Henoe en inorease of
§ per cent in the productivity of the power indugtry might incrsase i)roduetion
of consunption goods by one=quarter of one per cent; while en insresse of

produstivity of 100 per oemt might increase consumption goods by § per cent,
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The estimgtes in tho tgble are reliable only for the smallor velues of

k aince second-order effeots have been ignored,

Teble I,
Values of n—gY-——-y
<k
Vo/Pud .08 210 220 -850 1 9
05 | ,0026  ,008 201 ,025 -05 o456
010 2008 o01 202 008 610 -90
020 2010 02 04 210 . 020 1,80
030 0 +06 016 30 270
040 s020 04 88 020 40 3,60 |
I 80 . o025 <05 o10 025 W80 450 E

The estimates of Table I can slso bs obtained from & twoeindustry
macromodel O° we g result which is not surprising in view of our previous
discugsion of integration., Let:

(2.2) Y= m(XuB),
(202) E = g (X,0 @ )s
(203) X, + %, = X = constent,

(25¢) ,7! - /73 .gx
Taking total differentials, we find that
(2.6) X -y, Tq A,

This equation is of the game fom as (3,10) whea all the (IA"‘ exocept

5o This is essentlally the model employed by May, op. eit. in footnote 2,

ppo 54‘58:3 .
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one are token as constent. Then (2.1) = (2,4) can be shown to be s macromodel

of(l.l)w(l.s) ifwe take ¥ my; Mo d , Texpyy Xy wxy = x5 E=xy
2dn ;0320 O fn); P oA s nh o

£. +‘% BT s Bem g

Dafining again 5%# ;d A, we get

f
(2.6) 3= B e w SE M,
¥ r =5 < it

IiX

Iz the esse of decreasing roturng, wo may expect the walues of L to
be smalisr thasn those ahown in Table I for large valuss of k. To obtain some

estimate of the effeet of decreasing returns cmsider a one-industry macro-

5.
model for the special case of the Cobb-Douglas funetions.
(3.1) Y - axt gt

r
(302) Ee ixb
(505) Xa + X = X = constent,
'® B

Here, az befare, E must be considered the quantity of power employed in

the entire economy, not simply the quentity employed in the produstion of Y.

%o cf, May, op. cit, in'footnote 1, pp. 289-291,

6o 1t should be pointed out that this macromodel oan not be deduced from a
micromodel in which the production functions for the indiv:dual firms are
Cobb-Douglas functiens,
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If we congider a change, 3 in tho parameter we will obtain new

equilibrium values, ¥, En, E‘bm E, for our veriables. But, since

(2.5) -%———'—-‘-’L—m -fﬁ-tibnx-x‘-rxb,mhave:
Xa
(5.6} ;{; = X3 .ib = Xl;o_ Heneces,

(3.7) ?sY-I- AY = Axixbrt ( L+ A )t;

(5.8) LAY o (deadyf (g, _Adyb
Y a s

If as previocusly, we set '?f' = k, we find

(3.9) log ..'{..tiﬂ.?_. = ¢ log (1 + k),
But t'-......u.__..E_.‘, end we haves
Uy :
Y+ Ly %
{3.10) log 3 Uy log (1 + k)

Herce, if the ratio of total energy ocosts to totel velue of consumption
goods is laown, -—AT—L- can be calculated for various velues of k, as shown
in the following table:

Table II
Values of -—-—%—

LN

M 1 9 19 49 99
02 0014 005 <06 W08 - Ll0
o05 036 012 016 022 028
010 007 26 238 048 B9
20 o186 o59 82 1,18 1,51
30 023 1'.00 1,45 2,24 2,98
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It can be geen from the table that if the velus of energy produced in the
econony is only two perecent of ths velus of eonsumption goods, = 100%
inorease in productivity of the power industry l(k = 1) will increase pro-
duetion of consumption goods 1.4%: a 9007 increase (k = 8) will ineresse
production 5%,

In ommputing the ioressed productivity of the power industry our
previous asnalysls of aggregation shovs that it does not matiter whethsr we
consider cost of energy at the generating plant, cost at the factory, or
cost incliding power appliasnces. In each case we will get:difi‘ermrb value.
for Ugg bu"c:comspondingly different value for lc'; hence, our estimates of
AY will be identieal.

Finally, it is interssting to corrare the results obtained in this
section end shown in Table II with the firsteorder effeots tabulsted in
Table I, It will be geen that the valwss of -—-Y—AX-— in Table I are sliphtly
too large for k = 1, and very much too large far k¥ = 9, Ws conclude thet

the first order effects predominate when k< 1.



