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We start from a dual system of quantity and pnice equations
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X; and X, are homogeneous consumer (baskets of standand assort-
ment) and capital goods (machines). L is the number of workers, K is
the number of identical machines, A= i/X; is labour coefficient,
®; = K;/X; is capital coefficient. The rental rate r — 1 + gis a sum of
the variable replacement rate (y—! = f (n,g)) and the rate of growtl
(8); m is the fixed life-span of machines. By solving the equations we
obtain the quantities of output and labour prices (for p, = 1):
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1. EXPANDING ECONOMY: TECHNOLOGICAL PROGRESS

A) Some Conceptual Issues

Our economy is charactenized by five technical coefficients: two
labour coefficients, two capital coefficients and the durability of ma-
chines. The change of any of these coefficients has a definite economic
meaning. If x, is reduced, one old machine (and proportionally more
labour) will produce more new machines. The new machines may be
the same as the old ones but be running longer per year due to
improved repair. Or the design of the machines may be changed. As
Soon as new machines are installed, new machines will begin to
produce new machines. In the transition period technology will be
mixed. After all old machines have been scrapped, there will be again
a pure technology of identical machines. Even if these machines are
different from old machines, they may be equally well counted as the
old ones. If x; is reduced, one machine produces more baskets. And
if n is increased, for given output, replacement cost (the number of
machines scrapped) in both industnies decreases.

An increase in labour productivity — X, and A» decline — implies
less live labour per wunit of output (equipped with more rmachines
since x; remain intact). Whether \’s are reduced or ¥’s are reduced
and n increased, the change always implies an increase in the pro-
ductivity of labour, in the former case of direct labour, in the latter
of indirect dabour. Consequently, technological progress is always la-
bour saving.

Reduction of capital coefficients (given n) implies an economy in
embodied labour, of labour coefficients and economy of live labour,
Yet, this distinction is different from the distinction between embod.
ied and unembodied! technological progress. Embodied technological
progress implies a new design of machines; new machines are differ-
ent. Under unembodied progress machines remain the same but ars
used more efficiently (because of an improved organization, greater
experience of the workers, better repair, and the like) and also the
productivity of live labour may increase. It is, of course, possible 1o
treat workers as machines and to consider any change in labour prod-
uctivity (machines remaining the same) as a change in human capital.
I do not find this latter approach paticularly enlightening for the
purpose at hand. Both embodied and unembodied progress may chan-
ge amy of the five technical coefficients.

Machines may be both more efficient or less costly or both. This
may be called the double ocharacter of fixed assets (fixed capital)
which has important analytical consequences.

Since machines produce machines, the two effects cannot be easily
disentangled. That presents a nightmare for social accountants trying
to measure machine output or the stock of machines jn constant

' In the literature usually called »disembodied«. But only ghosts are
disembodied. : ,
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prices. A possibility of precise distinction is relatively simple in the
consumer goods industry. If a machine produces more baskets, it is
more efficient (¥, reduced). If at the same time it embodies lesg la-
bour, it is less costly (p, is reduced). The combined effect s measured
by the reduotion of engaged embodied labour per unit of physical
output (p;k). The combined effect Inay remain the same (¥, and o
need not) even if machine g chamnged physically as long as the basket
remains the same. Thus, a change in design does not Tepresent a spe-
cial problem. Per analogiam, in machine industry x, measures effic:
ency, and p; ©ost and pyK, the combined effect if the machine remains
unchanged. If is changes, x, = Ky/X; still measures efficiency because
the same new machines are in the numerator (after the old capital
stodk has been replaced) and in the denominator and so the machine
dimension cancels out. But p, is no longer comparable and neither is
ps;. Thus, while p,x;/n has a straightforwang interpretation as embo-
died labour expended per umit of consumer good, p;X;/n does not have
such an interpretation. This indicates that we have to take into acco-
unt yet another effect of price changes,

A changed machine may require a changed amount of labour time
for its production. It follows that in order to be able to count ma-
chines, we must measure our machines in invariant units. We may
take the standard basket of consumer goods as a numéraire which
implies dividing all pnices by p,. In this case value capital coefficient
in the first industry will be

Pz/ ;- K, K, D
= = K,
v/pi - X, § 2.9, p;
and in the second industry
v:/p: - K,
= 1(,‘2
Pz/ P X,

In other words, machines of constant efficiency in terms of bas-
kets—which is the same as labour embodied jn machine per unit of
labour embodied in output it pnoduces—are measured simply by
value capital coefficients with baskets as a numéraire. For the ma-
chine industry value and physical capital coefificients are, obviously,
the same.

The foregoing considerations indicate that technical coefficients
fall into two groups which should be sharply distinguished: ), and K,
are comparable across techniques, ), and «, depend on how machines
are measured.

1 1
- If labour force is growing, —— will be replaced by r=——muq4g
n v
1
Since r> —__ this will have the same effect as an increase in x; (or a
n
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reduction in n) as already mentioned before. The faster the growth,
the more »adverse« its effect on TP, cetenis paribus. However, since
growth tends to speed up TP, which is know as Verdoorn Law [Ver-
doorm, 1980], the overall effect is not known in advance. If the em-
ployment and Verdoorn effect cancel out, we have accumulation and
consumption increasing simultaneously — something considered
contradictory by neoclassical interest theory.

In general the accumulation of capital in value terms (embodied
labour time) and in physical tenms (expansion of output capacity)
need not move together under the conditions of technological change.
It is impossible for the value of an identical machine to increase
while its output does not because that would imply technological reg-
ress. But it is entirely possible that a decumulation of value capital
be accompanied by an acoumulation of physical capital. Beside, a
reduced value of capital stock may make possible not only langer phy-
sical output but also larger value output. This will happen if total
labour force is growing, but labour employed in the machine industry
is suffiiciently reduced.

Unembodied technological progress generates instantaneoug ef-
fects and poses no special problems. Embodied TP generates different
vintages of machines operated simultaneously. Since historical costs
are of no interest for price formation, the synchrony rule implies that
prices be determined by current reproduction costs. In other words,
prices will be determined by the current year technology.

As far as equipment is concerned, its changing shape is of no spe-
cial concern. We must only be aware of implications. However, unless
explicitly specified, I shall assume unembodied TP, i.e., unchanged
design of machines. Also, for the time being, baskets will be assumed
to remain identical in terms of quantities, proportions, and qualities
of consumer goods.

B) Once-and-for-all Technological Change
Output and price changes

If in a stationary economy positive technological change occurs,
the output will begin to incease. After a transitional period, duning
which necessary adjustments will be made, economy will reach a new,
higher, stationary level. We then compare the old and the new statio-
nary level. Since two stationary levels are compared, we may use equa-
tions characterizing simple reproduction =0, v=n).

As already mentioned, the technology of our economy is described
by three sets of parameters, Kj, Aj, and n. If any of these parameters
change, both production and prices must change. For two industries
and three parameters, of which two are specific for each industry,
there will be 2 X 2 X 2 + 2 = 10 effects on output and the same number
of effects concerning pnices. It will be useful to systematize these et-
feats. For this we use equations (0.1) and (0.2).

T

it

PO i e it
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(1.1) Output Changes

Reduction of labour coefficients:

90X, X, X, X,
— >0, — >0; — >0, — >0
s A\, Y N\,
Reduction of capital coefficients: _
ax, oxX, X,  ax,
. > 0) - > 0; - < 0, h— < 0
o, ax, oK, d1c,
Increase in dunability:
X, X,
>0, < 0.
on n
(1.2) Price Changes
Reduction of labour coefficients:
3p; op; 3p, p,
— <0 — <0; — =, — <0
s O, s N2
Reduction of capital coefficients:
ap; 9p; ap, p,
— <0 — <0; — =0, — <0
A, dic, dic, dic,

Increase in durability:

dp, ap,
<
on an

< 0.

As far as production is concerned, an increase in labour producti-
vity (reduction of labour coefffioients) leads to an increase in all out-
puts, given the labour force L. Ap increase in the productivity of ma-
chines (reduction of capital coefficients) increases output of consumer
goods but, understandably, reduces output of capital goods. The same
is the effect of an inarease in the durability of machines,

Price effects are independent from the availability of the primary
resource L and depend exclusively on technological changes. Impro-
vements in productivity of labour and machines and increased dura-
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bility of machines diminish Iabour-time prices. Since sector No. 1 does
20t participate in the production of machines, technological improve-
ments in that sector (reduced M and x;) have no Umpact on prices
vf machines. Thus, prices of machines are detenmined exclusively by
technological changes in sector No. 2 which produces machines,

Three measures of capital intensity
Technological progress will affect differently various structural
parameters used in economic analysis.
The three are relevant here:

Capital coefficients in value terms (capital-output ratios):

A rkK, P A A pK
= =R, K =1, k= =
rX, Pr PiX; + pX,
np, X,
= (1.3}
pX; + p.X,
Technical composition of resources (machine-worker ratios):
KI s ICa K ICIXI -+ kzXz
k‘;"—_———:—-—, k2: ,k: = (]_4)
L, As A2 L MKy + 20X,
Organic composition of resources (capital-labour ratios):
pK; | . p:K
w; = =Pk = pik;, w = = pk (1.5)

L

Prices wsed are, of course, exact labour time prices and therefore,
w = 1. Expression (1.5) needs a slight elaboration. Using (1.3) and re-
membering pX, =L, nX, =K, we obtain organic composition as a
function of value capital coefficients and durability

(1.5a)

n-—1r

For sufficiently darge n— the average life-span of fixed assets in the

modern economy is 30 years or more — the magnitude of organic com-

position isg approximately equal to that of capital coefficient in value
A

terms, ¢ = k.

[



THE LABOUR THEORY OF PRICES 7

It is of some interest to mote the difference between Marx’s »0nganic
composition of capital« and my »organic composition of resounces.«
Marx defined his comcepts for an analysis of specific, capitalist, insti-
tutions. Thus, his onganic compostion is a ratio between constant (C =
= fixed and ciraulating capital) and vaniable capital (V = wages ad-
vanced).

C C

Wy = —— = ——

vV wi,

Since wL are wages paid out for the perior before the product was
finished and ready for sale, wL is a flow, ¢y has time dimension and
represents stook /flow ratio. My concepts are designed to amalyse con-
ditions for optimal use of resounces and are not institutionally restric-
ted. Thus, my onganic composition is a ratio of embodied and live
labour

Constant capital is evaluated in labour prices, C and L are both stodks,
w iS a pure number, The two ratios are numertcally equal, ¢, = w, if
w =1, i.e, if the turnover period of variable capital is defined as a
time unit. Note also that an altermative definition of the organic com-
position for the entime economy is capital — npet output natio, ¢y =
P:K/piX,, since p,;X, = L.

Patterns of Technological Change

There are several special pattenns -of itachnologlical PIOZress wort-
while exploring (see Table 1.1).

Neutral Technological Progress of Type One. Let both labour coef-
ficients decrease at the rate of T» hi =(1 + 4)1 2%, which means that
labour productivity increases (1 ++) =T times. It follows firom (0.2)
that prices of both commodities will also be reduced I times, It follows
from (0.1) that output of both industries will increase T times. Thus,
value of output will remain unchanged. p;X; =p®X?, Real wage will
increase in the same pProportion as output, w = X,/L = (T w9, Sinca
technical change has mot affeated capital coefficients, after an adjust-
ment period the old structural relationship will be reestabilished. It
follows from ( 1.3)—(1.5) that capital coefficients in value terms will
remain unchanged technical composition of resources will be double
(if machines remain physically unchanged), while onganic ocomposition
of resources also remains invariant to change. Because of the last
effect, this pattern of technological progress may be called Marx-
neutral. It may be also called labour-augmenting TP. Since capital-
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output ratio remains unchanged, it may also be considered Harrod-
neutral TP if v is interpreted as interest rate. Finally, in labour prices
capitaldabour ratio is equal to onganic composition. Thus, it is also
Hicks-neutral because the rate of technical substitution remains const.
ant along p,K/L ray (and is equal to zero). Since in real world econ-
omies rapid increases in labour productivity are accompanied by re-
latively low changes in capital-output ratios in value terms, Marx-
neutral technological progress of type one may be taken as a reason-
able approximation of reality.?

Neutral Technological Progress of Type Two. If technological
change oocurs in the consumer goods industry, that will Jeave prices
of machines unchanged. Let the change be such that both techmical
coefficients in consumer goods industry be reduced jn the same pro-
portion, Xy = I~1)% Kk, =Tk, As a result x; will increase and ol
decrease I times leaving the value of consumer goods unchanged,
PiX; = p°x%. The output of machines and their prices remain unaffec-
ted. Consequently, structural characteristics of the system K;, k; and
w; remain unchanged.

As the stock of machines remains constant through time, the
growth of net output ocours mwithout any new investment.

Capital Saving T echnological Progress I and II. In the first vari-
ant all technical coefficients (i;, K;, and n) are reduced by the same
factor T which leaves relative prices unchanged. Both outputs are in-
creased by I' which leaves relative outputs. unchanged. Values of sec-
toral outputs remain unchanged. However, value capital coefficients
are reduced. Since x; and \; are reduced in the Same proportion, ma-
chine-labour ratios, k; = Ki/\;, also remain unchanged. But the orga-
nic composition of capital is reduced by factor I = I+y): w=
I-1p%k = I''y%. In the second variant labour coefficients decrease [53%
factor T')\, capital coefficients and durability by T'k. It turns out that
'\ affects both outputs and prices, 'k affects value capital coefficients
and organic composition while machine-worker ratios are affected by
both TP factors. A reduction in n may be justified by the effeots of
strong TP in ); and k; which make for an earlier scrapping of machi-
nes. Shorter 1 makes this type of TP mixed.

Mixed Technological Progress Generally. 1t is possible that labour
productivity increases while machine productivity decreases or vice
versa) but that gains outweight losses. Under conditions of simpic
reproduction that will happen when real wage increases, Given the
number of workers, that implies only an increase in X,. To satisfy this
requirement we must have, with respect to 0.1).

(1~ap°2)L (I——p“Z)L
X] = > )’
C)noszol + d)\.ol (1 "“apoz) 02901 + )\:01 (1 — Poz)

* Marx himself expected a biased-capital using-technological pfogres_s, i.e.,
an increasing w.
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pi =1K;/n .
a b>1 _ : ‘ (1.6)
c>0, 0<d<! i

If replacement coefficients (p;) increase, a,b > 1, at least one labour
codfficient must sufficiently decrease <o that (1.6) remains satisfied.
In general, whenever TP is Tesounce-using it must also be (other)
resource-saving, i.e., it must be mixed. That also accounts for the
other type of mixed TP, namely regress in machine mmdustry and
progress in basket industry. If x, and Az increase, dither K; Or A\, Or
both must decrease in order to expand X; and, comsequently, real wage.

In this conte : jt will be of some interest 1o explore the economic
meaning of an ir rease or decrease in value capital coefficiemts. We
may imagine that technological change proceeds in two stages. From
(1.3) we have '

1 PiX;
= + 1

k pX;

A
In order for x to increase (decrease), for given durability of machines,
p:X; must increase (decrase) because mX, = L remains constant. Now,
in the first stage we increase value capital ococfficients. (Mixed TP
cannot start with an improvement in labour productivity because it
would never reach the second stage and would not be mixed). Since
in the machine industry value and technical coefficients are the same,

A

K, = K;, we have to increase the latter in any case. In the consumer
P2

goods industry K, = kK, which means that x, may remain un-

P

changed, provided the price ratio increases. An increase in X, incre-
ases X,, p; and p,, but reduces X, (of. (0.1) and (0.2)). In the second
stage labour productivity must be improved in order to raise X, to at
least the original level, and possibly more, to make the change worth-
while. A decrease of )\, inareases X, and increases X, even further,
and also increases further the ratio P:/p1 (0.2). Thus, a sufficiently
stromg inarease in labour productivity in the consumer goods industry
completes the change. If productivity increases also in the machine
industry, both X, and X, will increase, but their ratio remainsg un-
changed (0.1). The ratio of prices may change (0.2). But to satisfy the
requirement that value capital-output ratio in the consumer gooils
industry lalso fincreases given an unchanged x;, the pnice Tatio must
increase, which implies a bigger productivity increase in production
of consumer goods, A;/h; < \%/\%. If after al] these changes the re-
quirements have just been satisfied, and we then increase K; as well,
this will have an additional impact on machine intensity because p,X,
will increase even more.

We may now summanize the preceding somewhat involved story.
An increase of capital-output ratios in value terms in all industrics

il SR g oz e o w

B T T N 4
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and the economy as a whole implies an increase of the technical ca-
pital coefficient in machine production while the technical capital
ooefficient of consumer goods production may or may not increase.
In order to make the change wiorthwhile, this worsening of machine
productivity must be more than compensated by an improvement in
labour productivity which implies a relative increase of labour prod-
uctivity in the production of consumer goods if ¥X; remains invaniant
and some productivity increase or relatively more in machine produc-
t1on if x, inoreases. The final result of the change (with the durability
of machines remaining constant) is a rise of GNP measured in labour
time,

P+ pX, > P2 X0 + X% pX, = p° X0, = L,

In other words, besides the given direct labour, there is now more
indirect labour embodied in commaodities. Biased technological progress
which increases value capital-output ratios—and theréby increases the
organic composition of resources (1.5) — is such as to embody more
labour in ocurrent production. Because of symmetrical relationships, a
capital-saving TP — peduced value capital output ratios — implies a
reduction of labour time embodied in ocurrent production (with n =
const.). These are the changes in the absolute volume of labour, direct
(live) labour remaining unchanged.

An increase in k, and /Or K, means a greater number of machines
per unit of output. With L unchanged, that also means more machines
per worker, an increase in. the technical composition of resources (%;).
If in the omiginal situation, each worker was operating one machine,
after techmical change, due to better or anization, each worker can
operate, say, two machines. Given the labour force, total output in-
creases and an improved productivity of labour more than compensates
for the reduced productivity of machines so that met output is larger than
bofore. Since, in order to increase labour productivity, the stock of
machines must be increased—while under simple reproduction X,
oitly replaces worn-out machines leaving the stook unchanged—ithere
will be a transitional peniod during which part of the labour force
will be relocated from the production of conswmer goods to the prod-
uction of consumer goods to ithe production of machines. During ithis
period net output will be reduced until a sufficient number of new
machines becomes available and higher labour productivity begins 1o
generate additions to X; which will eventually surpass the oniginal
level of production. Thus, an increase of capital output ratios (or the
ongamnic comyposition of resources) generates transitional accumulation
which increases the stock of embodied labour required by the new
technology and increases GNP in labour time as observed above. Sym-
metnically, a reduction of capital-output ratios (of onganic composition
resources) leads to an immediate increase in X, and makes possible a
temporary decumulation which ad justs the stock of machines to the
lew proportioms between the embodied and the current labour with
a resulting fall in GNP,
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Technological Change without Technological Progress. Technolo-
gical progress implies increasing real wages (X; for fixed labour). If
an alternative technology leaves X; unchanged, there is no progress
but simply a technological change. Such a dhange may be neutral, ca-
pital saving or capital using and it is always mixed. Several such pat-
terns are shown in Table 5.1. At any one time a book of blueprints
may contain a number of such alternative technologies. All of them
are equally eligible because they make possible ithe same per capita
output of consumer goods with the same input of live and embodied
fabour.

Final comments. Table 1.1 does not exhaust the list of all possible
simple paterms of TP. Yet, it is sufficiently inclusive to make possible
some generalizations. A change in X, (L = const.) determines whether
there is technological progress or not

AX, > 0, technological progress
= 0, technological change without TP
At < 0, technological regress

By its very defimition TP implies that output increases without any
previous sacnifice of consumption. There may even be no new invest-
ment, as in Neutral II TP, or new investment may even be negative,
if efficiency of machine production sufficiently increases.

A change in X, does not indicate anything about changes in capital
intensity. Increased output of madhines, with wunchanged durability
and capital coefficients, will, of course, increase worker+smachine ra-
tios (x;). If also capital coefficients improve, onganic composition may
fall while x; remain mnchanged, as in Capital Saving I TP. If the life-
span of machines lis lengthened, even ®; may be reduced.

Value capital coefficients and organic ocomposition change in the
same way, which also follows from (5a). It is, therefore, sufficient to
oconsider only c¢hanges in the organic composition

Aw > 0, capital using TP
= 0, neutral TP
At < 0, capital saving TP

If technological progress occurs only in the production of con-
sumer goods (Neutral II), all indicators of capital intensity remain un-
changed. If it ooccurs in the production of machines, the pattern is
not so simple. If at the same time the durability of imachines is short-
ened to mI™!, there will be no progress, but simply a capital saving
change. If n remains unchanged, with TP affecting only the production
of capital (W I! and k1), it follows from (0.1) and (0.2) that all
pnices decrease, X; increases while X, may change either way. Next,
k, and k, remain unchanged, while w = p,k decreases. Thus in both
cases capital-worlker ratios remain mnchanged, but TP in consumer
goods production leaves w undisturbed, while if it ocours in machine
production, TP is capital saving.

A - —t-ﬂ-——m—m
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A similar analysis may be conducted with respect to changes of
technical coefficents. Improvements in both ); increase outputs and
reduce prices. Improvements in both K; reduce prices, increase output
of X;. On the other hand improvements in L s increase ks but leave
w s undetermined. Reductions in x s diminish both ks and wSs. As a
general orientation, it may be said that improvements in labour coef-
ficients reduce prices and inocrease outputs, while improvements in
capital coefficents reduce capital intensity measured either by K; or
w;j- Effects of individual changes in technical coefficents are given in
(1.1) and (1.2).

In Table 1.1 the value of sectoral outputs remains the same. This
1s not necessanily so but is a result of implied assumptions. Net prod-
uct is always the same, p;x; = 1, x; = X;/L but the value of machine
oufput jper capita

NAK; .
pxx; = - X; = Xz/L
(n—1c) [hatc; + Ny (n— 1,) ]

need not remain the same, as is easily seen if only one of technical
coefficients is changed. It will remain the same only if the shares of
direct and indirect labour in gross national product do not change.
As all ten pabterns of technological change satisfy this condition, it
does not appear very strong and it also approximates to the empirtical
world. In particular, organic composition may change in any way and
leave the »factor« share constant.

C) Regular Unembodied Technological Progress Changes in rental

Continuous technological progress generates growth. Labour prod-
uctivity increases which, given L, increases output. The patterns of
technological progress will remain the same, except that now formulas
for growing economies must be applied (Table 1.2).

Because of higher productivity, some of the workers will be
displaced. In order to re-employ them, gross investment must jncrease.
Thus, lin igeneral, stationary n will be lengthened into dynamic v and
a new term will appear in the rental rate

+’Yz

v

where vy, determines the number of machines (vzK) necessary to equip
the displaced workers. It is important to note that Y. depends on tech-
nological progress in the machine industry and not on the average
technological progress. If technological progress is Mixed Neutral,
Y2 Will be vy, =T?—1=(1+4y)?—1=y(2+v), while the average
productivity growth rate will lie between that rate and Y-
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The essential precondition for technologica progress is that X,
increases (L = const.). This means ithat X, may remalp unchanged or
even decrease. Suppose TP s Neutral II. Then TP in the two sectors
amounts to (Table 1.2).

X, X, r %X, §2%. 6
= =1+, — = =1 +0,y, =
Y, piX; Y, pX;

where p, are base year prices, and Y; are sectoral gross national prod-
ucts. Quantity equations are

WA=XT) +),X, = L
(=) (X T) + 1,X, = K

Labour and machines become redundant at the same rate in the first
sector and do not change in the second. Full employment is achieved
when redundant workers are equipped with redundant machines and
then produce additional y X;. Prices of baskets fall, prices of machi-
Des remain unchanged. Since total capital stock does not change,
there are no costs over and above stationary replacement

r=—
n
In terms of machines, the €conomy is stationary and Y2 = 0. In terms
of consumer goods the economy is growing ad Y1 > 0.

Measuring T echnological Change

When technology, i.e., technical coefficients, change that affects
output and pnices in different ways. So far we have been €Xamining
the consequences of specified changes of technical coefficients. In
practical statistical work the task is usually defined in the reverse
fashion. The changes of technology are mot specified but we have data
on quantities and prices. The task is to denive q measure of techno
logical progress from such data assuming unembodied TP),

We start from the familiar social accounting identity of value of
outputs and input being the same

X, + p,X, = wL + rp,K ' (1.7)

If w=1, the value of final output (GNP) is exactly equal to the la.
bour time embodied in the commodities at the current productivity
of labour, '

Increase in productivity means higher output given: the resources
or smaller expenditure of resources given the output. The Increase in
aggregate output is established if physical products are evaluated in
last year prices. Thus, the overall rate of technological progress in
our economy is given by '
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Table 1.2.
Effects of Continuous Technological Progress
Technological Progress

Pure Neutral Capital Saving Mixed
I II I 181 Neutral
9 P b M Ty=t A

131 I O O NS A

T Ty K, I
OQutputs
Ba'sfket-s » X1 X)r X)r X,r X] r)\ XJ‘
Plants X, X.I same X.r X, Ty X.I?
Labour prices: w =1
Baskets D pI! p.I pd=  py Iy~ pI—
Plants P2 pA same Pl pe My —t pI?
Capital intensity
I
Machine-worker Ky x, T same same Ky - A 1,12
ratios Ik
I
Ky I saine same Ky -—n K I
I«
Organic composition uy same same w ! wly™  same
ot resources W; same same w, I wAy™  same
Basket prices: p, = 1
_ W - - - _
Real wage wW=— wl wrl wI wl' wll
P
- P - -
Plant price p; = —— same p.I same same P
P
1 —rK,; TK,
X = - L, X,= L, L = const.
ks + A1 — k) Ay 4+ Ay (1 — 1K)
Ak + A (1 — 1ky) A2
P = W, p:= w, w=1
1 —rx, 1 —mk,
- X, 1—rx, M -

.l p2 - 2 P = 1
L Ay + A (1 — 1K) AK; + Ay (1 — pKy)

K = —-i, Kz == —, W = PKi, Wy = PiKz
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X, + p.X,

=1+~ (1.8)
wL + rp,K

Note the difference in treatment of labour and capital. Labour, being
primary factor, represents no problem,. Capital, being produced fac.

tor, must be evaluated at p: when output and at p, when input, It
would be inadmissible to add together labour input at current pro-
ductivity and Capital input at Past productivity.

If exact Jabour prices are used, (1.8) has an interesting intenpreta.

tion. Since P; means labour of last year productivity contained in the
unit of X1, the numerator represents labour time of last year labour
productivity and the demoninator Teépresents labour time of this year
productivity, both contained in the same this year final physical out-
put. In this way (1 + v) measures the ratio between Past and present
labour time necessary to produce the same bill of goods and is thus
4 natural and direct measure of labour productivity change.
Technological progress may proceed at different pace in the two

e *

piX, P2X,
Y, Y,
Y, = WL] + rp2K1 = 1UL, Yz = VVLZ + rszz = ?‘sz (110)

Y:Y1+Y2:1VL+TPZK; Y]/Y::a, YZ/Y:B:]—_a
and insert (1.9) and (1.10) into (1.8)
o (1 +7;)+B(I+y2)=l+y (1.1D)

the aggregate factor of TP is equal to the sum of sectoral factors
weighted by the shares of labour and capital input in GNP, These
shares represent also the shares of basket and machine industries in
GNP,

The most popular production funation in Mmeasuring technological
progress in Cobb-Douglag function

Q=" Kﬁ C"Y”
If we apply Divisig indexes, we &ct a neat expression for the rate
of TP
x Q L k
YS ——a——f— (1.12)
Q L K N
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I use starred gamma in order to indicate that this neoclassical mea-
sure of TP is logically inconsistent and, therefore, theoretically wirong.
The mistake made is to treat K and L in the same fashion as given
resources. ..

Since- K underwent a techmological change, K as an input is diffe-
rent from K as an output and part of Q. The logically consistent func-
tion will look as follows

Q=L"%(Ke Y )P 1t

which generates a consistent measure of TP

Q L K '
v (1__3):____a—_3* (1.13)
Q L K

The relation between the two measures is given by

*

The neoclassical measure is substantially lower.3

If the economy is decomposed into two or more industries, capital
input-evaluated at constant prices must by deduced at the rate of
TP in capital good indusiry(des). It follows from the numerator jn (1.8).

P
P> = pe
. . pzo
and firom (1.9)
P‘zon‘ | szXz Py’ ' : '
= = =1+, (1.15)

Y, 7:X, P2

, _ : _ ‘ o
Consequently, if labour-time prices are used, capital input rp,°’K must
be reduced at the rate Y2 = p°/p:— 1.

- * That neoclassical defect was already noticed by Reed (1968) and Ry-
mes (1971).
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Constant nominal prices

Since all values represent labour values, the shares ¢ and B rep-
resent also ithe shares of live and embodied labour of final output.
These shares can change in time. Consequently, average y may change
even if sectoral y; remain constant and also, y may remain constan:
even if sectoral y; change.

As prices are determined by two multiplicative terims, of which
the first is conditioned exalusively by technology and r, while the
second comsists of nominal wage rate, it is easy 1o see how prices can
be kept stable. Sectora] prices will be stabilized if labour-time prices

*

are inflated for the increase of sectoral labour productivity, p; = p,I",
It follows from (1.9).

2508
=N
iy,

If all prices are inflated by the average productivity factor T, p, ==
= pil, the use of (1.10) and (1.11) gives

rrX; + PrX;
=

'y

and the general price level will be stabilized

D) Embodied Technological Progress
Embodied and unembodied technological progress compared

If the design of machines and the composition of plants change in
time, technological progress is embodied and we encounter new djf-
ficulties. Each vintage of plants will have different efficiency.

Consider the case when, with constant labour force, the output
of (standard) baskets expands by factor T and the number of (chan-
ging) plants constructed by factor M. We assume that the lifesspan of
plants of ail vintages is the same. If capital coefficients dedline by
factor T,, capital in (physical) efficiency units is KT,, where K is the
number of plants. We shall first compare capital stocks ad mow in-
vestments in efficiency units for embodied and unembodied TP.

Capital stock

(MI)n — 1
(1.16a)

Embodied TP: [+ MF, +... 4+ M ry— =
Mr,—1
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Mnr— 1
Unembodied TP: Iy~ + iMIr-14 ... 4 M L =rp~4
M—1
(1.16b)

Capital stock consists of all gross investments in the last n years.
Imitial unit investment will by ithe nith year incorease to M*—! umits
and their efficiency to I''~l. In the embodied case each vinitage of
plants has its own effidiency, while in the unembodied case all vin-
tages have the same, last year, efficiency. Cleanly, under the unem-
bodied wcase capital stock, measured in efficiency units, is langer.

New investment

Embodied TP:  (MIy)r— I (1.17a)
Mr— ]

Unembodied TP: K, —K,, = | ———— | (MIy—TIp1)  (1.17w)
M—1

Under embodied TP gross investment at ¢ is M*T},®, and Scrapped
plant is 1, ie., gross investment at t—ma. Under unembodied TP gross
investment is M~ augmented for the increase im efficiency of the
entiire capital stodk. Scrapped output capacity is I,™!.

Since X, =k, (K,, and k, = const. because IK; is expressed in effi-
*

®
clency umits, K;* = K, I}, the rate of growth of net output (gy) is
equal to the rate o figrowth of effeotive capital stodk (8x1)-

Rate of growth

(1.18)
(M) — 1
Embodied TP: gy=——""—"—+#—+=MI',—1
(MI,)» — 1

ML, —1

Mr—1
( M Fz'rl —_ [‘211—1)
M—1
‘Unembodied TP: g, = =MI,—1
Mr—1
an-—f

M—1

The rate of growth is, of course, given by the ratio of new invest-
ment and capital stodk. The result js quite pleasing, the rate of growth
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of net output is the same under both types of technological progress.
But absolute net output and jts absolute increments are higher under
unembodied TP which should be obvious.

It remains to check our results by reference to Table 1.2. Under
Neutral I TP, T, =1 and M = I';. Consequently, the net output grows
as X,I'l. Under Neutral IT TP, M =1, and T, =T, and so net output
grows again at the same rate. Since M = 1, new investment is zero, as it
should be.

Replacement

The three quantities — baskets, plants and productivity — may
expand at different rates. Which one is relevant for price formation
and investment evaluation? How are current prices detenmined?

Labour prices are cost prices. The two cost components are la-
bour costs and capital costs. Labour costs are determined by techno-
logy exclusively ();). Capital costs consist of two items: replacement
and new investment necessary to maintain full employment. Both items
depend on technology (k,n) and the rate of growth of employment (g).
For g = 0, capital costs depend exclusively on technology. 1If techno-
logy does mot change, economy is stationary and capital costs reduce

1
to —K.

n

If g=0 and technology changes, replacement is still R, = I,—n
and so fts ourrent rate depends on the mate of growth of capital. But
K; = K—~n and so replacement depends also on technological prog-
ress. What has to be replaced is not physical machines but output ca-
pacity. If the stock of physical machines expands a the rate m, and
their efficiency at the rate +y,, oufput capacity expands at combined
rate MI, — 1. Consequently, current replacement under embodied and
enembodied TP will amount to

eR* ;= I*_ 1, = (MI[;})=" (1.19a)
UuR*,, ;= M-I (1.19b)

where the astenisk denotes output capacity. Current output capacity is
equal to all investment in the last n years

s (Ml‘z)n—l .

eK* = ¥ (MT,)* = (M)~ ————— (1.20a)
t—n Mr;-
t—1 .. t—1 M —1

uk*= 37 M'ry,  =M-—rTj~—— (1.20b)
t—n M—1

For T, = O, K,* is the number of currntly operating plants of equal ef-
ficiency.
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Replacement per unit of capital is

1 eR*, MIr,—1

= = (1.21a)
ey eK,* {MI)— 1 :
1 uR*, M—1

= = (1.21b)
Uy ukl* Mr— 1

If capital stodk is measured in tenms of initial number of effective
plants, (MI})* =1, replacement ratio 1/ev is equal to the reciprocal
value iof capital stock under embodied TP. Further, under ETP ithe
vaniable v is a function of both: increasing number of plants (M) and
changes in their efficiency (I). Under UTP, dynamic years uy depend
exclusively on the growing mumber of physical plants — because the
efficiency of all plants in a given year is the same. ETP replacement
ratio is smaller, and fin general the following melation holds

ey 2 Uy =1

where ‘the equality sign applies only when there is no technological
progress, M =1 = 1.

If also labour fonce is growing, the stock of capital will have to
expand further in order to provide employment for new workens. In
our formulae every M will have to be replaced by GM, where G =
1 + g is the growth factor of labour input,

Price formation

<Im order to derive price equations, we must start by considening
material balances under ETP at the beginning of the cunrent vear. If
labour coefficients improve, some workers will be displaced. In order
to employ them, the stock of machines must increase. If also capital
coefificients improve, the increase iof the capital stock will be modified,
If also the size of plants changes, capital stock will be modified for
the +third time. In general, changes in size and in design camnot be
distinguished. Unrestricted changes make the analysis unmanageable
and we need some simplification. Emipirical data suggest that the pro-
portions of live and embodied labour memain approximately constant.
In a closed economy with costant L that implies that sectonal employ-
ments remain unchanged. The size of a plant will be assumed coms-
tant, The two assumptions make plausible the third one, mamely
that capital coefficients improve at the same rate. Let Ay and A,
Ay + A, =1, be sectoral gross investments at it—a., Material balanoces
at the beginning of t+1 are as follows .

L; + Lz = L
(ML, — [ (MFy)"— 1 (MIn— 1

MI,— 1 MT,— 1 MT,— 1
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The rate of gross investment is the same im both sectons and so invest-
ment balance appears to be

(MIy)r — 1
rK* + rK* = (MI)" = X* K =4;———,
Mr,—1

1
= 4+ (M, — 1)

ey

Define techmical coefficlents

)\,j* = , KF = A /X

where asterisks denote averages over all vintages. The usual vertical
summation of the compenents of value balances produces the required
price equations:

rp* k- Wt =
(1.22)
TPt 16 4+ Wt = P

The equations have ithe following chanacteristics:

(1) \*; are not technical coefficients of any specific vintage of
plants; they represent avenages calculated with respect to all vintages
of plamts in cxistance.

(2) The number of plants constiucted annually increases by M,
their effidiency by T, Since both factors are constant, the stock must
increase equally as gross investrment. (Co sequently, capital coefficient
in the second sector does not change

K;

Ky* = Ky = = const.

X2

and the asterisk is mot mecessary. In the first sector output increases
by MI; and the number of plants by M so that K, decreases by I3. In
effidiency units K, = const. [For K,* = K;, technological progress would
be Neoutral 1. Technological progress implied here fis such that one
machine of any vintage produces the same mumber of machines of the
next vintage but successive vintages of machines produce increasing
number of baskets.

(3) The number of plants ds measured in efficiency units and so
p,* is the price of the plant having efficiency of the vintage t—n but
produced by the capital stock of the last r vintages.

(4) By defimition, standard baskets do not change and so p; rep
resents the price of the actual basket of wage goods.
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(5) More recent vintages of plants have )\; and pxX; smaller then
are those in (1.22¢) and will, therefore, earn extra profits which will
be used to cover depreciation charges. Since prices are falling and
technology of any vintage remains constant, depreciation must be con-
centrated in eanly years. We are still left with the task of finding the
price of the plant of the current vintage. The number of plants con-
structed currently is X,* = (MI)® in efficiency mmnits and X; = Mr in
physical units. — The value of these plants remains the same however
are they counted, p;*X,;* = p,X,. Consequently

p*X*
p, = ——— = p;*IY"
X,

If also changes in \; are kmowmn, we may say inore about price
equations. Suppose technological progress is Neutral T: capital coet-
ficients remain unchanged, while labour oconfficients decrease by Ty
Wiith respect to the foregoing pattern of TP, that Gmplies I = 1.
M = I,. From one vintage to the mext the mumber of plants increases
by I and so do outputs X, and X;. Since labour productivity abso
increases by Iy, the mumber of workers employed remains constamt.
Thus, labour is equally distnibuted among vintages, L/n workers ope-
rating machines of each vintage. It follows

L; nLj/n n(l1— 1)
)\.;* = = = )\-j(t)
X x(Tfm .+ T+ D) ri—1
— 1y HX;
)\.f* = )"i (t) ’ )»,' {t) = —
ryry—1) i

where x; is the output of the last vintage which employs L;/n workers
and ), (t) is labour coefficient of the last vintage. Price equations (22¢)
for the last vintage under Neutral I TP are

ny]
TP + Why = Pi
rya—ry™
(122e I)
ny:
TPk, + Wi, = D2
ria—r,"
In these equations w),; represent actual wages, while
7y
w;( —1) indicates how much average replacement cost
ra—rmm

1/ey must be augumented to provide an appropriate depreciatiton. For
older vintages replacement will have to be reduced to avoid losses and
keep wages a w),; for the respective vintage j.




24 BRANKO HORVAT

With unembodied techniological Progress mo such complications
arise. Plants of ajl vintages are equally efficient, and K; are ordinary
capital coeffficients: the number of physical plants Par unit of output.

TP + Wh; = p,, = 1/y+ (GMI',— 1), je= 1,2 (1.22u0)

The linterpretation s asg follows: '

(1) Under UTP ail plants and, of course, all workenrs are equally
efficient at the last year level. Consequently, K; and }; represent ra-
tios of physical quantaties. In the ocurrent year their efficiency incre-
ases further and that affects the nhecessary volume of investment.

(2) The profit rate 1 = 'GMT, iis the same fior both types of TP.

(3) The replacement rmatio is different for each type of TP as
shown im (1.21). Under ETP, v is a function of efficiency factor too,
while under UTP it is not.

This difference is quantitatively negligible., For M — I; = 1.03 and
G = 1.01, the Iespective replacement ratios are 1/ey = 0.010, 1/uy =
0.018. Since technological progress is both embodied and unembodied,
the actual difference is somewhere between ithe two figures. Note that
MI;, —1 = gx, (GMT; if labour also €xpands) is the rate of growth of
output (1.18). The same rate of growth appears iin {(1.21a). Consequent-
Iy, if output rate of growth is used in caloulating replacement ratio,
that implies assuming embodied technological progress.

Under ETP the average v for the economy s constant (as long as
GMT';, = const.) jn tine, but depreciation nates are different for dif-
ferent vintages at any given ¢ and change for a given vintage over
time. Under UTP, v = const. over time and across vintages.

Obsolescence

Older technology is less efficient and, therefore, less profitable.
In order to avoid losses, technical lifespan of Plants might have to be
truncated and the obsolete machines scrapped at an ecarlier time.

Whatever the pattern of technological progress, production will
become unprofitable when prices — which are the same for all vin-
tages —will no longer cover wage costs

where A7 is labour coefficient of vintage <. If labour coefficients
decrease by I'y (as in all eight patterns of TP considered in Table
1.1), and A; belongs to latest vintage, the inequality

p; <w) T ;f
determmnies the lifesspan of plants 1. The faster technological progress

— the larger I'n — the more likely it is that techmical 1z will have
to be truncated, '
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Technologically determined » is likely to be truncated if (a) tech-
nological progress s fast (lange I ) and (b) production is labour
intensive (w; lange relatively to p;x;).

2. EVALUATION OF INVESTMENT PROJECTS
A} Preliminaries
-~ Conceptual issues again

- Before we proceed, same clarification is. necessary. What does it
mean when we say that capital coefficients have been reduced? One
possible interpretation is that machines are still physically identical
so that we can measure capital stodk by simply counting the machi-
nes, old as well as new. Then an increased productivity of machines,
with unchanged productivity of labour, implies a decrease in techni-
cal composition of resources, more workers per machine

(1 + ) 1%
_ = k< ke v >0
)\'0

Such an effect is perfectly possible if, due to improved repair services,
machine muns more hours per year while the crew iof operators is en-
larged by including repainmen. But the possibilities of such improvem-
ents must soon be exhausted. An opposite change, improvement in
labour productivity with k’s constant, implies more machines per
worker. Although specialization, division of labour and a better orga-
nization of work may make it possible that one worker operates two
machines instead of one, such possibilities are also soon exhausted and
after every woirker will have been equipped with three, or five or ten
machines further technological progress will have to come to a stand-
still. Thus, a continuous reduction of k's is only slightly less unrealis-
tic than a continuous improvement of \’s.

The two changes can be simultaneous: both labour and capital
coefficients imay decrease. If they decrease at the same proportional
rate, machinedabour ratio will not change but output will increase.
The proportional decrease of A's will increase outputs and reduce
prices in the same proportion, leaving relative outputs and relative
prices unchanged. If a proportional decrease of xk’s is superimposed,
X, wil] increase further still—and X, will be somewhat reduced. Both
will decrease even more with the price of the more capital in-
tensive good being reduced more than the other. However, it is again
unrealistic to expect that workers equipped with the same physical
machines can indefinitely produce more and more output. Thus, even-
tually ve must assume that machines change as well and that an w-
embodied technological progress is supplemented by technological
progress embodied jn new machines.
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If machines change, we can still continue our physical count due
to synchrony principles, but the comparison of most of the charac-
teristic coefficients before and after the change loses economic meaning.
This raises the problem of a definition of a new unit o measurement.
The unit must be invaniant itself. I shall take the basket of consumer
goods in the base period as such a standard. This will be the standard
basket and we shall measure changing machines in terms of the stand-
ard basket. When consumer goods change, we are lin trouble again. To
price statisticians the problem is known as the problem of new prod-
uots and of quality change. I shall assume that at the time mew prod-
ucts are introduced, both old and new products are produced by -the
same machines aad labour. Thus, cost ratios will determine price
ratios, and new baskets will be expressed in terms of standard bas-
kets. Long-run equilibrium is assumed throughout, and so extra pro-
fits do not arise. It js always possible to select as a numéraire a con-
sumer good — such as milk — whose quality can be standardized and
which is not likely to disappear from the market.

As for quality changes, we leave the evaluation to the consumer
who will equalize the marginal utility of dinar (labour day) spent in
any line of consumption.

In order to measure the quality of machines (and embodied la-
bour) in terms of standand baskets, all we have to do is to put p, = 1
in our price equations and then evaluate everything in new prices.
Since nothing else changes, quantities of goods and resources and tech-
nical ooefficients remain wunchanged. Consequently, relative prices
remain the same and only the absolute price level changes.

Basket and Standard prices

If the wage rate is taken as a numéraire w = 1, absolute prices
are exact labour-time prices. If ithe basket of consumer goods is taken
as a numéraire, p, =1, pnices are expressed in terms of baskels
(p;/p;) and nominal wage is transformed into real wage. Baskets have
a standard size and composition of commodities. The size changes in
time, the composition does not. The standard basket is the wage basket
of some base period when one wage buys one basket and so w=p,. In this
period the number of baskets produced is equal to the number of
workers, X; = L. In later periods L remains constant, but X, incre-
ases and so labour productivity increases. Similarly, the nominal wage
remaims constant, w = 1, but the real wage increases,

A change in labour productivity may be expressed in three dif-
ferent ways:

P (0) X, (1) p: (0}
r, = — (2.1a)

pi(t) X, (1) ()
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p:(0) X, (t) X, (t) /L w (1)
ry= = = (2.1b)

p: (0) X,(0) X, (0)/L w (0)

X, (1) p(O)X(t)  XI(1)
I, = = =  p(0=w=1 @10
pi(t) X, (1) w. L

I, in (2.1a) is a Paasche index of prices, and in (2.1b) is its dual,
a Laspeyres index of quantities. The latter is also a ratio of real
wages. If the wage rate is used as a numéniaire of the system, w =1,
and in the base period a basket is calibrated so that one wage buys
one basket, then T;(0) =1 and so I'(t) = X,(t)/L represents the cui-
rent labour productivity in terms of baskets, and also an increase of
labour productivity over the base period. I'; is defined so as to mea-
sure changes in labour productivity in the consumer good sector, i.e.,
it measures changes in direct and indirect labour expended in the
production of one basket. At the same time it also measures Systemic
changes in labour productivity, i.e., it measures changes in the vo-
ume of live labour (employed in both sectors) per unit of net output.

If the standard basket is used as a numériaire of the system,
we have an invariant unit of account. Prices in terms of baskets are

_ w X, 1 —rx,

W = = = (2.2{{)
Pi L At + A (1 — 1)

Py = wp; = (2.2b)

. j 2] _ A2

p:= = Wp; = (2.2¢)
Py Watic; + Ay (1 — 115y

The real wage w represents at the same time current producti-
vity of labour. It indicates how many baskets can be produced by
expanding one worker-year. The basket price of a plant, p, shows
the number of baskets that can be produced by the labour embodied
in a plant. The machines may change, but plants still can be counted
in terms of labour embodied in baskets.

The remarkable property of prices in temnms of wage goods bas-
kets is that they can be derived as products of ordinary labour-time
prices and the real wage, p; = wp;. If labour productivity increases
equally in both sectors, as under Neutral 1 and Capital Saving TP,
relative prices will not change and basket-priices will remain constant,

A1) = w(t)py(t) = W(O)T'pf0)I~t = w(0)p0) = p0)
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The basket pnice of a plant, P.. depends on all technical coeffici-
ents and not only on the state of ttechnology in the machine sector
as under labour-time. A proportional increase in labour productivity
(Neulral I TP), k; = 3T, leaves p, unchanged. A decrease of K, in-
creases relative efficiency of machines, and 52 increases. A decrease of
K;, reduces p, which means that one physical machine now contains
a smaller number of equivalent (in tenms of labour) baskets, A nent-
ral TP of type II increases p,, while Mixed Neutral TP reduces p,. In
general, changes in p, indicate how does TP change ithe basket content
of machines under new productivity of labour. :

If we have the following relation between two stocks of machines
produced in ourrent and base years

JE’zK = A.L;*;ZK

then the quantity of machines in terms wof baskets in ‘the current
Lol
period is A times langer than the stook of the base period. K/K rep-
resents a change in the actual number of machines, but that has no
cconomic meaning because machines of different efficiency are mot
—_— o
commensurable. Only if p, = p, — when labour productivity increases
equally in both sectons — the relation between physically counted ma-
(=]

chines may have an economic meaning, namely K = AK .

We may standardize basket prices in terms of real wage of some
base period productivity

we we pwe

Such prices will prove to have some interesting properties. They will
be called standard prices.

Present Values

When individual investment projects are evaluated, inputs and
outputs are dated and the rule has to be discovered how 1o aggregate
them diachronically. ,

In a stationary ecomomy no problem arises because time does not
matter — although even here alternative techniques with the same
labour imputs but shorter production periods are preferable.

Presumably a mational consumer prefers more consumption for-
ever to less consumption forever and the use of techniques involving
dated lnputs is determined by the composition of demand. It is im-
portant to realize that stationariness is analytically timeless because
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neither of the two dimensions of labour — the number of workers
and their productivity — s subject to change. As soon as the num-
ber of workers changes — either positively or negatively — itime di-

mension is activated directly: the available labour time changes. When
productivity changes, time dimension is implied since change means an
effect per unit of time. It is, therefore, obvious on a priori grounds
that the two time effects must be properly accounted for if two dia-
chronically different streams of inpuits and outputs are to be compared.

The conventional textbook mule for calculating the present value
of a stream of past inputs says that they should be acoumulated at
the ruling interest rate. But we are never given precise instnuctions
on how to find the appropriate interest rate mor at what pnices in-
puts ought to be evaluated. As to the prices, presumably they must
be oonstant prices since otherwise inputs are not commmensurable. Yet,
how do we establish a constant price for machines whose costs and
productivities vary?

Prices in terms of baskets

Supprose a dong-tenm social plan enwvisages the nate of full em-
ployment expansion of consumer goods output to be w. By the end
of the planning horizon the present output of baskets will have in-
creased to

X,(1) = X,0) (1 + 7o)’ (2.3)

In this system the two dated batches of consumer goods, X;(0) and

X;(t), are equivalent only if (2.3) is satisfied. The expression (2.3) de-
scribes the state of the systemn within the planning peniod, it identi-
fies ithe system.

In describing the system we -snmply apply the synchrony mule by
reducing future (t) and past (—t) outputs to present time in onder
to make them comparable. The weights used are (1 + w)t. A future
output will be equivalent to the present output if the following rela-
tiom (s satisfied

XA0) = X(t) (1 + ;) (2.4a)
and similary for a past output
X0) = X)(—t) (1 + x) (2.4b)

We call the former procedure discounting, and the latter accumula-
ting. The discount and the acoumulation rate is the same ().

A system may also change unevenly. In. that case it wil be iden-
tified by applying dated discount rates w(t). We shall mostly consider
regularly growing systems with constant discount rates.

There are two possible causes of growth: technological progress
and the growth of labour force. Thus the discount factor will be
structured
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I+7=Gl, G=1I+g T'=1+~

v is positive by definition, while g may also be megative., It is, there-
fore, possible that GI' < 1 which makes T negative, ¢ < 0. It is possi-
ble, but not likely empirically.

An investment project consists of two pants, of investment out-
lays and of a stream of net outputs. The two streams may partly
overlap. In our system investment outlays consist of plants constic-
ted and net outputs consist of consumer baskets. The two composite
ccmmodities cannot be compared directly, and so we compare their
values whereby plants are measured in standard baskets. A plant is
worth while constimcting if its cost in terms of baskets is mo greater
than its output of equivalent baskets over its lifetime. The construc-
tion of the plant may take more than one year. To simplify matters
at this stage of analysis, I shall assume that the plant was construc-
ted in one year, X;(0) =1, which will be considered the base year.
Then our investment rule says ithat the project will be eligible if the
present value ot the stream of future nat value is not greater than
investment outlays

PAOXA0) = T2 X,(1) (1 + o) (2.5a)

The rule is quite orthodox, only the garb is somewhat novel. The
prices are constant prices in terms of standard baskets of wage goods
and the discount rate is not an anonymous market rate of interest,
but a very definite x = GI' — 1.

In which way is all this related to ithe labour theory of prices?

Labour and standard prices

Nothing is changed in {2.4a) if the same price is used to evaluate
both outputs. We only assume that g =0 and so 7t = y Consequently,

pAOIXH0) = p0)X (1) (1 + ) (2.6

We know that the labour value of met output is equal to live labour
and so does not change when labour does not change

pAO)X(0) = p(1)XAt}) = L 2.7

It follows from (2.6) and (2.7)
piAt) = p0) (1 + )¢ (2.8)

and we can derive the first theorem.

Theorem I. If employment does not change, L = const., while labour
productivity increases at the rate vy, this rate functions
also as a discount rate and the present value of future
consumer baskets is equal to their histonical costs,
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PHOIX (1) (1 + )=t = plt)X,(1).
Similar reasoning applies to the investment rule as well-Multiply

both sides of (2.5) by py0)

PAO)PAO)XH0) = pif0) Ew(0)pA0)]1 X0) = - p0) IEXAt) (I + )~

Since p,(0) w(0) = 1, it fiollows

PA0) X,(0) = 1 pit) X (1) (2.9)

which wneans thai Jabour expanded on the oonstruction of a plant
must at least be recuperated in its output.

If the plant will be constructed over t wears, the present value
of future investment outlays in standard prices is

T

I pole) Xoft) (1 +4) — © = 2 wi) pA)Xolxh (L +y) T =

T

= w(0) I palx) Xof<)
and similarly for baskets
e pt) X () (1 4+ y) = = = Wt} pit) X(t) (1 + )= =
= w(0) L pdt) X (1)

and the general investiment rule is simply

- 12 palv) Xolw) = 22 pilt) X (1) : (2.9)

which leads to the next theorem.

Theorem II. If employment does not change, while labour producti-
vity increases, investment outlays and net products are
made comparable by being evaluated in historical labour
priices. Alternatively, any two dated products are equi-
valent if their labour values are equal.

For amn investment project to be eligible, the present value of
Marshallian quasi rents must be at least equal to ithe present value
of investment. This criterion wields the following
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Corollary I. Labour time expended in investment activities must at
least be recuperated in net output.

Yet another comsequence follows from Theorem II. Suppose pro-
jects are evaluated in standard prices, which are clearly also comstant
prices. Then the following is true

pi(t) w(t)
T = ———— I = ———p()I™" = p(1)
(0) W(0)

Corollary 11. Discounted standard values are equal to historical labour
values. The rate of growth of labour productivity is the

discount rate. Since p;(0) = p(0), the own . interest rate
of the composite commodity represented by the stan-
dard basket of wage goods is the universal rate of dis-
count if labour does not expand (g = 0).

That ought ito be obvious. Instead of measurning output in tenms
of baskets, output is measured in labour time of equal productivity.
Effective labour time expands at the rate y — the rate of expansion
of output — and must be discounted at the same rate in order to
be comparable with the present size of labour time.

If labour force also increases, physical labour time increases at
the rate g, and global labour time — labour of equal productivity —
at the combined rate m = ['G—1 which is also the discount rate.

Theorem III.1f physical labour expands by factor G and effective la-
bour by factor T, global labour of equal productivity
will expand by the combined factor 1 + ¢ = GI'. In oz-
der to achieve comparability with the presently available
labour, the synchrony rule requires that global labour
be compressed into present size. In order to reduce glo-
bal labour to the size of presently available labour, dis-
count factor GI' must be applied. If values are expres-
sed in standard prices, the discount factor is GI, if they
are expressed in labour prnices the discount factor is G.

C) Comparisons of Investment Projects

A simple investment critenion emerges: labour expended must be
recuperated. , : o

If investment outlays are treated as negative outputs, the present
value of an investment project must be non-negative, V = 0, if the pro-
ject is ito be acceptable. Let a project have a life-span of n years and
involve s different investment and consumption goods, then the pre-
sent value of the projects is given as follows:

i
&

R
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.S‘ta_ndal_‘-d prices:_VTq = 7. (I +z)°t X pi(t) X(t) (2.10a)

t
t=1 j_=l

Labour prices: Vg = 11 (I + gt £ py(t) X,(1) (2.10b)
;s e . i=1 ,

t=.1

V=V, (I+x)=(+g{++y)

If v and g change over time, (1 + 1)~ ought to be replaced by
{1+ xg)] and (1 4+ g)~* by II[1 + git)]. Investment projects are
t 4

compared by means wof V: the higher is the present value of a project
the more is it profitable.

Before we conclude, a curious case may be mentioned again. If
labour shrinks by the same factor by which labour productivity ex-
pands, G =T, met output will be stagnant, G™'I' = 1, but per capita net
output (= real wage) will grow at the rate y. Real wage will always
increase at the rate of technological progress (regardless of what hap-
pents to G), because technological progress is the only source of —
economic progress. Stationariness means that there is mo discounting
because effective labour does not change.

]

In general there are four possible states of economy which are de-
scribed by four different discount rates:

1. Stationary conditions: n=g=y=0 or n=1—g 0+ vy)—
— 1= 0. The value of an investment project is expressed in labour or
in standard pmnices. Global labour time either does mot change, or the
changes cancel out.

2. Constanr labour time and technological progress: g=10, v+ >0,
n = vy. The value of an investment projeot is expressed in histonical
labour prices (diachronic labour time).

3. Changes in labour time and constant technology: g=0, v =0,
7 = g. The value of an investment projeot is expressed in synchronic
labour prices. d.e., in labour prices comected for the change in the
socially available labour time (labour force).

4. Changes in labour time and technological progress: g 20, v >0,
14+ qx=0+g( + +). Histonical labour time is increased or medu-
ced for ithe change in the socially available labour time.
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