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té‘d_u'ction 'Fﬁnctions for I4"Stﬁ12b's‘§c_:t'(')'r§ of Irish Industry,
1960-1968, for .the purpose: of Estimating Employmcnt.

E."W. HENRY

During this past: year two important research publications on production
functions for Irish industry have appeared, by Kennedy [1] and by Farley {2]. The |
first analyses the growth rate of net output per unit of labour as a function of the
growth'rate of net output, and the growth rate of employment also as a function
of the growth rate of net output, for manufacturing and its subsectors. The second
estimates growth rate of net output per man-year as a function of three variables:
the rate of increase of the capital/labour ratio, the importance of capital in the
production process, and the rate of technical change,for sub-sectors of manu-
facturing. . ' ’ Co o '

... Neither of these research projects deals explicitly with the problem of estimating
employment for known or expected output levels of subsectors of industry. As
this writer has worked with input-output (inter-industry) models, which derive

ross output levels of industrial sectors required to satisfy specified final demands
' gzonsumption, gross physical capital formation, exports), suitably disaggregated,
the problem of estimating labour requirements arose naturally as a part of using
an input-output model. Having obtained the gross outputs, one applies coefficients
for each primary input (primary factor of production). Because the wage-salary
coefficients do not take account of those who are self-employed, or are working
proprietors; etc., one is forced.to seek for employment coefficients at the level of
detail required by the input-output model being used. Productivity changes should

be allowed for. . N ~ Co -,

. Apart from having the experience of deriving primary inputs from gross outputs
(usually at constant prices) in using input-output.techniques, the writer felt that
the gross-output, rather than the net output approach to employnient coefficients
‘might be worth investigation. He believes that gross output at constant prices, for
Irish conditions, is more precisely and reliably measured than net output at constarit
prices. The volurne of net 6utput is estimated on a year-to-year basis, by weighting
real gross output by “net output” weights, where these weights include unknown
costs as well as the costs of the primary factors. Thus the estimated real net output
time series available include two possible sources of error: (4) the assumption of
growth at the same rate as real gross ou;?ut; (b) having.unknown costs of pro-

N . _
9

duction included with: the returns to the factors. N
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The estimated real gross output, by contrast, is obtained directly from gross
. ouﬁpuﬁ at. current, prices by deflating the individual, commodity values, or by
deflating the gross output by a combined price index of materials and wages, on
a fyear-to-year .baéis; The real ;gross output. estimates used” inf thé iexperiments
described below are in all cases deflated gross output; the writer calculated real
gross outptit for about one-third of the Census of Production industries, using a
price index for combined materials and wages. For the other two-thirds the price
deflator based on output commodities (and used by Central Statistics Office for
the annual volume index) was used by the writer to give real gross output exactly
-equivalent to the official volume index. The gross-output used below includes
value of goods produced, certain receipts for services (repair, work ‘on com-
mission) and work in progress at end ofP year less work in progress at beginning
of year. The time series is for 1953-1968,-and gross output is at'19s8 prices.

The ‘employment data available are the official average persons employed as
published by Central Statistics Office for the annual Census of IndustrialiProduc-
tion and correspond to the gross output data described above. These employment

figures are the sum.of thessalaricd, etc:, workers in' October and the average
industrial, etc., workers at twelve dates throughout the production year; without
standatdisation for age; sex, or hours worked. The average persons employed,
- thus calculated, are used as man-years in+what follows. . - S P

The writer’s paper to the Statistical Society [3] describes estimation .of capital
stock for 1953-1968 for establishments included in the Census of Production, thus
¢orresponding to the gross-output and employment data described .above. The
stock is defined as “Equivalent-New’”,, and approximates gross stock—a machine

is included ‘as part of the stock during-its-useful life, at a value ranging from

100 per cent of its initial.cost-to 80 per cent,.and then omitted -completely. All
values are’at 1958 prices and each industry has six'kinds of stock distinguished:
passenger. vehicles, 'work: vehicles, plant, buildings, land, other fixed-assets.

With these gross output, capital stock and employment data available, the writer
-tried a fresh line of investigation, which-produced results put forward as interesting
and possibly. worth refinement. Do, the time series for capital stock versus employ-
ment verify that increased mechanisation has been taking place during 1960-1968 2
Work-vehicles and plant per man-year would give a reasonable test. ofthis

“hypothesis..If this ratio*were'a well-behaved function -of time; then one would
have some confidence in predicting its-value for a year later than1968. Ts there an
increasing volume of output -of goods per man-year as one-moves: forward
through the 60’s? If so, how precisely-can this increasing volume be relatedto:thie
increasing vehicles and plant per mari-year: A precise relationship means that for
- specified capital stock per man=year one can estimate fairly precisely gross output
per man-year for a cértain year and thus obtain employment needed to’produce
2 specified level of gross:output..-For "that same “year, given gross output “per
man-year; capital Stock per man-year -and. a .specified - gross: output, . one -¢an
- estimate the capital stock (work vehicles plus plant) required, to-produce the gross
output in question. Although the figures for buildings per-man-year are not.used

R
Ml
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in the expenments of this paper, they are glven m Appendlx 3, for 1953 1968
as of possible interest to other workers. AR

Sl rws e THE MODEL IATRI s
"‘ l ,r‘: et e ’ | R )1_ PR : Ty a ., R ‘_?
. Yot
Capztal Stock per Man—Year-—a Lmear Function of Ttme fo
The formula : R . o
(1 | S . KL -4+B: ‘ S
ST 2f t [ AR SO IS Phd AR PR BN ‘1 F 'J" 3 . ,’.
where K is mld-year capltal stock of work-vehlcles and‘plant per man—year at
U L N I 1958 Prlces ST g ) LPA ’ P ek cl -
R S SO PR S T s
o o Lis man-years, . - .- . R Ctee T ey
... tisatime trend (having.a value, 1 for,1960, 2 for 1961 andsoon): 57
AandBareconstants - ,_;: T P

shins t\- AR [0 I A TR H

glves “capital stock .per man—year "5 a’ hnear functlon of time. With A and B
derived by OLS (ordmary least squares) from ‘tire serles for K/L and t 6né” uses
A and B w1th spec1ﬁed ¢ to estlmate or predlct K/L

‘tf.

] ol SO R
Gross Output per Man-Year—-a unctzon of Capztal Stock per Man—Year -
Thé formula ©* ™" - P

e S Y ;1.,')1r ' .;‘E.t[ui‘" i 2

QIL = f(KIL)
where Q is gross output at 19 58 prices, f is some function, and the other symbols
are as explained above, gives gross output per man-year as a function of capital
stock per! man-ycar- (work—vehlcles and plgnt) SWith™ thé ‘function derived by
OLS from QL ind KL times series, one uses the: funiction with’ spemﬁed ‘K/L to
estimate or predict Q/L. The K/L value nnght be estimated via A+Bt1 - .

Possible Functions L

.Regarding the Cobb-Douglas productlon functlon Professor Stone [4, p 8 5]
descnbes how it.is.unsuitable. ;. ., .

P SN ST C
! 4 !';l'u‘“r‘E SO T v . ‘\' : "
An obv1ous form of the productlon functlon is 'the Cobb-Douglas productlon
functlon 1n ‘which the elast1c1ty of -output with respect to each input is a constant
paraqleter and thé sum of all these clasticities is unity. .
¥ Experiments with the use of this function show that i its main weakness hes in the
1mphcat10n that the’elasticity of substitution between factors is tinity. Nor can the
paratheters of the function be estimated by ‘recent observations of the factors’
» share$ intvalue added. In thos¢ industries' where proﬁts have recently been small
relatlvely to Wwages, the 1mp11catnon is that the only easy way of i increasing output

is to increase the labour force. . . . Technical progress is included in this function as

P

2 d
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.an independent - variable* which, shrfts the ; whole function through tlmc and is’

"unrelated to capital or labour inputs.” | “j.n,r « iy ar 2 sk e

Stone uses 2 “modified Cobb-Douglas function” whereby the elasticity of

substitution can take on different values in different mdustnes Thxs function for

industry s has the form T R AR U R T Y PRV AT TR TR S

@) - Q =a[(1~b)L‘°S+bK-°s]-cs’

papgn 0T

’.‘

where Q is net output, L and K are respecnvely the inputs of capital and labour J
a is associated with the efficienty, of use of labour and;capital; b with the shares of

labour and capital inl the net outpirt and ¢ with the substltutlon between labour
and capital, the elasticity of substitution being (1+¢)™1.

Farley found [2, p. 35] that the rank correlation coefﬁcxent ‘of the taté of growth
of net output per'man=year had fiot'a statlstrcally sighiificant 'relatxon “with that of
the growth rate of the capital/labour ratio, but was'significanitlj Telatéd to that
of the growth rate of technology. These results were from a crosssection analysis,
of his data Bec‘ause he wis dlssauSﬁed Wwith | somie * of his _resulfs, he says (page 37)
that “A’seriotis possibility of €rror was m the ch01ce of form of the- productlon
function. In the chosen form, 4 Key’: asstimption has been’that the elasticity of
substitution between the factors is equal to 1 and that technical change has been

neutral in its effécts: We thus have avoided any kind of measuré of 4 g; the elast1c1ty
of substitution”. Farley’s function was,

.,n

"’\
\‘x toa

(3). e 4 y))ﬂr—}—ak—l—(r—-a)l

GV I FIE I

AU RIS o1 TR S U W S
T Yy L Mv . eyt ot ot oo pove creedl s by oy,
where y, k, [ are the annual growth rates of net: output capltal and dabour,andris
the,  contribution, of,, technlcal ychange, to the annual-growth 'rate of ‘net output

: N T ey
[Z’P 26]' I B D PV IR TS PSS 1T I LR ) unr.."‘ Te) . attie

f, ESCICRIITRY Al KA
The Function Chosen Lo R

+'The production functions ‘of both'the dbove autliors aré for fiet output: “The
modrﬁed Cobb-Douglas function was considered by this writér to be t56 elabdrate
for his first experiments with production functions for gross output. In com-
menting on his‘own: results; Farley [2; P 45] remarks that * Analyses of thls kind
seem to’ dowigrade the rolé: -of capital'ini, improving labour productxvrty over
time”. Both Stone and Farley ¥ were using’ total capital stock, elther gross'or net,
as the cas¢ may be. Thus, this writer,.in atterpting to face the: questions.raised
above at “the end of the introduction, decrded ‘to first of all-graph gross output per
man-year against work vehicles_and plant ‘per 'man-year and from the.form
suggested by the graphs to derive for-the latter relationship a functlon which is
refatively simple but is well-behaved”! according to Allen {5].. - = .

CA
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For Q/L a function of:K/Lwith' Q/L dendted q and!K/L'denoted:k-: -.-'1

(4) dgldk>o0 ; d*q/dk*<o0; o
o -dgldks> o0 as k—»os, (u o o (o
dq/dk—»o as k=005 of i ’

are the conditions which make the functlon well—behavea
The actual form chosen was

i by

(5) Q/L = A+B loge(K/L) Y
and this form, with B positive, evidently fitted the observations well enough. One,

might rule out eithér K or L zero, as bemng mathetnatical ciiriosities outside the
range for which the formula is intended.

Properties of the Production Functton Q/L ’A—FE?Z@(K/L)" TS "‘”'3""“”:~" )

(a) For L constant ATRERY
f’\ \ "/ l“":(:; .}.ﬁ ‘\Zé g\ e lé
dQ.
©) R BLIK viv (.

PR TRV S AN R FACEE VA
So for a constant increment dK, dQ decreases with K/L increasing, i.e., , there is a
diminishing marginal gross output, on increasing. capital stock for L constant.
CGRETE e ey
(b) For K constant

Vi

sracelld el Lige o o nelin fede L 4 tedimnein o ©OF

g T Lo MV A0 AL 0SS D ) G L ey
this decreases with L increasing. So there is also a dlmmxshmg margmal gross
output per extra unit of labour,;for (K constant.

(¢) For L constant, the incremental capital output ratio d(K/L)/d(Q/L), with the
same L in numerator and denommator s given by

A 'J Looabd R S
~ 1

®) (<))

R VI A v e s i e L e g S RPCII
SOV JU Y LRI T T S I S N

Thus, foraB constant throughout, the' ICOR is dlrectly proportional to the level
of capital stock per‘man-year already in existence. For:K/L relatively, small, only
a small increase pér head is'nééded to giverextra unit of output per head; and
vice versa. G ale b 1

2wt oLl .
.
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(d) The function is“wéll-behaved” for B positive, since . «.i -

dq S RV
(9) dk, given by BL/K is’ positive for B posmve
and tends to infinity for K/L-»o L
it tends to Zerd for K/L-%6.’ e
AISO [ Wiy !." ‘ v i
(‘1(61)} v & #q.0. _BLA and is‘"ﬁegaﬁve for B pokitive
SN T e ndkzk i KB R T P(, T

s T e o i

() Constant returns to scale since )\Q f(AK AL). .

Proof: a
Since Q = AL+ BL log(K/L)
AQ = AAL-}-B)\'I}’log(K,/‘jI:)
L = AQL)+B(AL) log(AK/AL). Thus
Voo e A e e e T e

(f) The marginal rate of substitution of capital for labour:

dQ = (8QSL)IL+(5Q[8K)dK axlld“iz'Q = o for Q constant.

Thus R s (BQIL)BQPK) = (Q/L— B)(BLIK). That s

l[! a; . 1}5f«, 547 IR L8 U AR TR ? - A

2 AR . st ch
T R DGR e e
g SRR %' T N S “_‘, ‘., N e

where R is defined as —( I ) (Allen' | s, pr A2

St
[ y -

My Y

i

To be economically meaningful, R should be positive. R increases with K/L
increasing and requires Q/L greater than B to make it positive. R increases as
'Q/L, greater than B;grows away from B..A value of R which is negative means
that to produce a given output Q- there is no substitution of capltal for labour,
'since dK/dL positive on the isoquant for Q means K and L both increasing together

to give the same constant output Q.
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. (g) The elasticity of substitution' between-capital and labotr. -
According to Allen [s, p: 48], the. “elasticity. of substitution; for a functlon
having the property of constant returns to scale, is deﬁned ‘as | :

(13) IR ;f’]«%mkf)'

FR ’-,. r“-.

where fis the function, k is K/L, f is df/dk and'f” is dzf/dle2 e -

In place of f there isq = A+Blog k

C dgldk = BJk
d2qfdk? =. —B/k2 o
(14) | ) P g = [I—'BL/Q] g e Lt oat ’,->.;
N : Co ' and so'is- vanable g " L

It is positive for Q/L> B, and for B positive (as is true in all the numerical results
shown below) is be]ow the level o(gmlty Bhe o C
‘ NUMERICAL RESULTS OF, REGRESSIONS

KJL = A+Bt €

Table 1 shows that for 12 of the 14 industria] sectors consxdcred thc formula ‘
for KL as a linear function of time has been established at the 1-per cent level of
significance. The Other Mining sector, B-coefficient exceeds the s per.cent level,-
while that for Solid Fuel almost reaches the § per cent level. Thus there is evidencei
to support the hypothesis that work vehicles and plant per man-year is a linear
function of time. Appendix 1 shows the data'used, for 1953-68; also shown are
the estimates compared with the actuals. The period 1960-68 was.used for. the
regressions because the years 1956-69 had an economic recession which reduced
the growth rate of capital stock and thé growth rate for. 196068 was considered
more relevant to the experiments being attempted.  #;+ ¢

Q/L = A+Blog (K/L) ot

Table 2 shows that for 12 of the 14 1ndustrlal sectors the formula for Q/L as
alinear function of the logarithm of K/L has been established at the 1 per cent level
of significance. The Solid Fuel sector has a B-coefficient whose t-ratio exceeds the
s per cent level. That for Drink/Tobacco is below the s per centlevel. Thus the
formula quoted above for the production function has been established as fitting
the data. Appendix 2shows the Q/Ldata for 1053-68 and the estimates compared
with the actuals, for 1960-68. For the late’ 1950 it appeared that while K/L



196

oy l")._l'! 0

1 ¥ ECONOMIC AND SOCIAL REVIEW ;™

S

P

Yoo

generally increased;:théreiwas.no resultmg increase‘in'Q/L: The ‘precise Telation
emerges'only for the.1960sand much. precmon would have been lost if- the data

- *Not'significant at the - pei: céht‘levél.
] L3 T .

e 4

0 .
e

of the 1959s had been included. .vicme o1 - nsjor vaeeny e wrgnae ik
TABLE I: Regrefszons for (K/L =A-+Bt .
v a\ ) e
[KIL in Loo0 at 1958 prices, data are for 1960-1968]
: t—value t 3 Standard
Sector A B of B & . F - V" Error of ! i
) \"'\ 2 Estimate
Solid Fuel 109580 0-01888 *2:337 0662 *5464 s 00626
Other Mining 1'82042 0'10432.1*3:302 0780  *10'90 2 02447}
Food 059520 0°07378 1020 0°968 104°1 2 00560
Drink/Tobacco 1-19689 0°00833:, 2167 ' .0:993 4696 4 0°0352
Textiles (ex. Hos.) o 55144 005813 41°61  0'998 1,731 4 0-0108
Clothing/Hosiery/; O T T N G R TUN N S
Shoes/Leather 021733 602200 7132, 0999 1, 5,086 ;5 00024
Wood/Furniture 019392 003642 3436 0997  1.181 3 00082
‘Paper/Printing 0°48972 006450 120§ 0977 1452 3 0°0415§
Chemicals L (059142 017545, 7238 . ,0'939 155239, 2 01878
Clay/Cement/ 078828 ' 6* ‘14163 8 455 7 0954”7148 2 0-1298
Pottery , :
Metal/Engmeermg/ , Lo A
Vehicles-* " 036708 005712 gk LI3 65 -10-982- ' 186 2' sge '00324
Other Manufacturing’ 0672,19 008658 13739 0°98r 1M 1792 S ,‘2‘ i 00501
Selected Construction o- 17503 0-0I155 13:97. ‘09821 " 189 7 g ’~ooo65 K
Electnaty/Gas/Waten 9:21058 ‘o 39395 211°20°¢ 0°973::. ° 12544 itcs (3‘( 1 oma72st.
e L reriens e ode e 0wt N JH-"; Cacer ARt g ey o
SR T T S O A S T B B Nk AT ETAr SR N BT S e O

T . ';;}c' -‘fh
R L P R S E " oo e T ot £ S L
R AT T ALV 2426 - 1 . R T N N T
toosu 3 F005 = 559' o .
2°4S L5909t p vz Tyt : y
50 122 g O
] ) fO OI 3.5 FO OI — o " 1 ‘. .() ¥ ‘
A L 37Ty o T 13 7” Y e rae, ok
Lot ;‘i T LS A S PRI PSR D IIR R C GO A
Lt .'.').“) fOf(p :{z S L fo‘r ('elnz—.'I’ <P2: ){%’ yared i.. - ! ) AT '1.";.'-, H
Yy i P ;' .. J L sl e RIS 3 2. ¢
. ot f’ H N o
PRI S I K o | SPS L SRS VR O
. [ ris the Geary statistic for count of 51gn-changes, ! “ S :
FS R ' 4 AL L " '
e R is the. correlatlon coeﬁicxent . ] . ; i
[ At PO - ] o4 o :
“F'is the variance ratio : ' ! /
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; TABLE.2:. Regressions for Q/L A+Blog (K/L) Yoot -‘A.. R

'11." L T S A XN SR T SN v

[Q/L and K/L in £ooo at 1958 prices; data are for 1960—196

1'—-—!—';‘.

" i s " g t—value ‘\” " . -Standard
By § LR A AL [ELARY PR VPR KNS A
Sector * A ‘of B R F P Error of
e PR YRR T RATATE '
e : Estimate
Solid Fuel o -66209" 1°90217 *z 741 O 720 *7.515 s 01273
Other Mining” ~ . o —3 27178 6:601 52 5 049 "o 886 2550 3 o 5702 r
Food ™ - b .5 41150 2 69582 ‘1068 0971 114°0 3 i 0,1510 &
Drink/Tobacco " ™" EX 86761 o 71272 *z 238 o 646 *5.008 257 "o 1481 ;
Texti]e‘s"(é’x. Hos) e g 55233 1 23467 " 11 55_ 0975 133°3 2 00583

. o, DR
Clothing/Hosiery/ * ot N
Shoés/Leather '~ 2:69136" '0-98188“ ‘Isrz 10985 228-5 VU4t 'o 0345

4
4
Wood/Furniture® *+" - 2:19456 '0'63740 'i4:67 “‘0'984 2152 5 00342
Paper/Printing % o z 16350.70°94132 9376 ‘0941  $4°41 5 o 0813
Chemicals c 3 79996 2:02320 ¢ “14-09 ‘’0'983 1984 3 o 1337
Clay/Cement/Pottcry I 82424 I 50718""10 61 “"oig70  112°5 3 ‘o 1062“'
Metal/Engmecnng/ AAE e AN
Vehicles i ' 3°07279 0 89186“ “7:647 ' 0'045 5847 4 ‘00832

Other Manufacturmg 461357 '2.78463: is:102 - '0-888 2603 ¢y ‘6'3’3‘4’&"’
1Selected Construction 2-72420 ' 1-05176 ~'9-186 0966 8437 4o 0401 ac
tElectricity/Gas/Water-8-81386 4:92424 '8-064 0957 6504 2 Y0402

_ *Not signiﬁcant'at the 1 per cent level. : :
’ - Lt - + .

o 1 i A * !
. . . . Ce ; o
'I'Data are for 1961—68 TS L A H TPR A A A S S SRR Tarlegow s e
s P i
PR . . L P et e L et et PR A | Lo RS20 TN

| eojicions 0. aND oy L1
- e P Y AL A TP IR S IO L2 5 TV
Selection of Bench-Mark.levels of K|L and QL for.1968 :, ..} "¢yt~ o't
In order to use 1968 data for K/L and'Q/L as:the base of projections to 1970
and 1972 it is advisable to first of all choose a 1968.bench-mark level of. K/L for
cach industrial sector, which.in effect means changing the value of the constant 4
in the formula K/L' = A+-Bt, while keeping the B-value given by the regression,
as the annual growth rate’of K/L. TabIP. 3 shows. comparlson of 1967 and 1968
regression estimates with the actudl KJ/L levels fot those: iyears.t,. n'- v

e ..5.\
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TABLE 3 Mid-Year Capital, Stock (Work-Vehches—i—Plant) per Man-Year (Looo at 1958
- prices) 1967 and. 1968 actuals compared-with Estimates via Regressions on- Time.

* 1
Wy B R I YA .{))

= LT . L R

1967 . 1967 1968 1968 = Annual

T Sector ‘ Regression | Actual , Regression -Actual  Growth
. Estimate " Estimate Rate via
L ) . , - o Regression
PN ; T S e e (I) . () Lo
Sohd Fuel E/ ( 1 2469 ‘_1 342 . *‘ 2658 1249 8-0’189 A ’
Other Mmmg 'v“, . 2 6639 2844 :’ 2 7683 ' *2-821 ., 01043 ._;
Food ~ , o 11855 1203 | I- 2592 *r312 | 00738
Drink, etc. " ‘19836 7 2018 *20873 © 2076 00983
Textiles (ex. Hos.) .. L0165 1,006 . *1:0746 . T09T . ,..0:0$81 -
Clothing, etc. ., cen. 03933 “‘,_9;392_,_.. , 04153 . *0'4Is . ©,00220 -
Wood, etc. , . 048s3 ..,0479 (08217, . %0521 . .0°0364.
Paper, etc. - 10057 . 10002 ., 10702 . *1-068 00645
Chemicals . ,I'0950. . 2210 ,.2°170S 5 *2:355,, .. 01755
Clay, etc. ' 1-9213 2.039 20630 *2:099. . 0I4I6; -
Metal, etc. - - :0-8240 - 0846 *0-8811: ; 0852 00§71
Other Manufactures - . .- 1°3649 - 1411 T°45I4 .-+*1462 . : 00866 v »
Select.~Constr. vt 202674 - ©271, ;302790 *-: ¥0279 1. - O'OII6 « |

E./G.[Water - s 120362 V12245 *12756, - 12:804- . ° 03040 3

The 1968 ratio marked with an asterisk is thé one choseri a's'ét:hé'Béﬁch'-mirk level
for 1968 ; the choice may be subjective but should still give a better base for 1968
than the actual 1968 levels in all sectors. The annual growth rate quoted above will
be used along with the chosen 1968 set to give expected values for later years,
as shown below.

The next step is to use the chosen K/L with the formula, Q/L = A4 B log (K/L)
for 1968 and compare resultmg Q/L with QL actual, to see whether the constant
A of the latter formula requires adjustment. To allow for above-average intensity
of use of the capital stock, a’suggested high level of output per man-year is the
average value given by the formula plus one standard error of the estimate, this
high level being well within the range of values used to derive the formula.

" Table.4-gives-Normal and High (equal to Normal plus one standard ¢rror of
the estimate) gross output-per man—year results for 1968 as. well as the actnal 1968
ratios; the production function regressions Q/L = A+-B, loge(K/L) were used w1th
K|L to give the Q/L estimate denoted Normal in Table'4.  * -
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TABLE 4: 1968 Gross Output per Man-Year (£ 000, 1958 prices) Comparison of Regress;on
Estimates with Actual

N } . . . . e * T4y
y ‘Normal . ‘ ‘Nor'mal' ) _:{, =
CC ., Highoooo "~ High. .
' o "Based on 1968 . Based on 1968 ..
Sector Estimated Stock of ~ Actual Stock of W.V.  Actual
W.V.+Plant per -+Plant per Man- 1968
Man-Year Year
(z) above (2) above

Solid Fuel . ' ! *;1-1105" 12378 1~08§o 1°2123 1°239

Other Mining 34502 400204 *3'5747 41449 4444

Food © 7760329 7 7 61839 T *6:T434 62044 " 6199

Drink, etc. *3.3002 ' 35383 3-3882 35363 3671

Textiles (ex. Hos.) * 26412 2:6995 26599 27182 2768

Clothing, etc. .. . 1-8286 . . 1-8631. *1-8278 1-8623 1-882
Wood, etc. - s 1-7799 ~. I-8141 . *17790 1-8132 1-827 ¢
Paper, etc. o 22274 2:3087 *2-2;55 2-3068 'z-’3'45 ' ;
Chemicals "t 53679 L 55016 *se5330 56667 . 57597,
Cla};, etc. - e 2:91§7, i 30219  *2:0419 3:0481 ¢ . 3039- °
Metal, etc. : *2:9509 3°0431 29299 30131 - 3‘071
Other Manuf. o 56510 ' 59854 *5:6712  6-0056 5858 . ;
"Sel. Constr. . 13814, ; T-4215. *1-3811 1°4212 1°345
EL|G./W. . 37246‘ 38648 37420 3-8822 3-860 -

“ i . PR R

An asterisk marks the Normal values above calculated from the benchmark
stock ratios chosen from Table 3. It is seen that for all sectors except Selected
Construction the actual gross output ratios always exceed the asterlsked Normal
levels and often exceed the corresponding High levels. - e ' :

The year 1968 had 4 real GNP growth rate of 7-9 per cent, the highest growth-
rate ever achieved by the Insh economy ‘'Thiss one would expect high unhsatlon
of the capital stock in 1968. SR ‘ -~
* For all except Constriction the regression! formulae of Table 2 will be used,
with the chosen'bench-mark capital stock levels,' to give bench-mark Normal
gross output per man-year levels for 1968.-The actual level, or the bench-mark
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plus one standard error, whichever is the greater, is chosen as 1968 bench-mark
High level. \

For Construction, the constant A of the productlon function is reduced by
0076 so as to equate.1968 actual with an amended production function Normal
level plus one standard error.

The difference between High and Normal; thus obtained for 1968, will be used
for 1970 and 1972. This method of finding bench-mark levels for 1968 is put
forward as reasonable and has minimised interference with the regression
formulac. Table 5 summanses the benchmark data for 1968.

Y PERUEN

TABLE §: Stimmary of 1968 Bench-Mark Data (at 1958 prices)

e

Work-Vehtcles anr{ A and B for.. Gross Output
SN Co “¢o Plantper 7 Jormula’ per Man-year -t
. Man-year, K|L . . QJL=A+B log (K|L) (Q/L)
Sector . \, — ‘W o - - —
T 1968 Annual ) Difference
level”  growth T, A "B Nornal High between -
. mid-year rate . : High and -
T " "Normal
Solid Fuel . 1266 00189 .- 0662 190217 1111 1239 o128,
Other, Mining . ;z~821 01043,,, —3-272 660152 3°575 4444 - 0869 :
Food ) 1312 00738 5412 2:69582 6°143 62904 . .OISK
Drink/Tobacco 2082 00983 ¢ - 2:868  O-71272 3390 3671 0281
Textiles (excluding Hosiery) #<1'075 = 00§8%.»  2-§52°0 * 123467 2:641 2:768 o127
Clothing, etc. ST . 0415 00220 : 2:691. . . 0'98188 1-828 1-882 0054
Wooq etc. . , 0521 o, o-g3§4 L. IS 063740 1779 1-827 0048 o
Paper etc. e 1068 00645 2164 094132 2226 2°345 0119
Cheinicals R ‘34385 01755 3800 + 202320 5533 5:667 0134 °
Clay etc. . . : 2°099 O'T416. -+ 1+824 , 7 150718 2:042 3048 | 0106
Metal etc. o881  oo0s7t 3073 089186 2960 3-071 o111
Other Manufactures 1°462 00866 4614 2-78463 5671 6-006 . 0335
Select Construction 0279 00116 2648 1-05176 1°30§ 1°345 0'040
EL/G./W. 12756 03940  —8-814 492424 3725 3-865 0140
e o T e » A." N E I ng (élt ~oc g . A )
. B, R . ”e .; . et .
Projectton of K/L and Q/L to 1970 Cand 1972 . - O Y

»

Use of the bench—mark level.of K/ for 1968 and the annual growth rate glven
by the; regressxon formula ‘gives expected values of K/L for 1970:and 1972, at
1958 prices. " Table 6 shows these results, and correspondmg results reworked at
1968 prices; the 1968 tesults are.shown, for-comparison. Also shown in Table 6
‘are the Q/L values obtained from the projections of K/L, by means of the formula
QL = A+Blog (K/L) and-a Highlevel, as-explained above.

. VLo
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TasLE 6: Expected Values of K/L and Q/L for 1970 and 1972

At 1958 prices (£000)
N o . KL L . Q/L Q/L Q/L
Cr T Sector - T 1968 1970 1972 - T 1968 - I970 1972
¢ . 0 A Norm.  High Norm. High Norm. High
Solid Fuel - co ) 1°266 1304  -I'342 - IIII - I-239 1167 1°295 1222 ~ 1350
Other Mining - 2:821 3°030 3238 3°$75 4°444 4°046 . 4°915 4°484 1 5353
:Food- . ’ T, 1312 1-460 1°607 6°143 6294 6°432 6583 6691 -. 6842
Drink/Tobacco S - 2082 2279 2475 3'390 3°671. 3455 3736 7 3514 . 3795
, Textiles (excluding H051ery) 1075 1191 1°307 2641 . 2768 2°768 2:8957 2-882 -+ ' 3'009
Clothmg etc: L . o415’ 0°459 0503 1828 1-882 1°936 1990 2+016 . 2070
~Wood etc. - T 0521, 0°594 0667 1779, 1-827 . - 1-863 1911 1937 +1°985
* Paper etc. o= . 1°068 1°197 1°326 . 2226 2°345 © 20334 2°453 2°430 . 2°549.
- Chemicals S _ 2385 2706 3057 5°533 's*667 - $°814- 57048 6061 * 6195‘
- ‘Clay.etg. !_. . 2°000 2382 2665 2°042 3:048 3°132 3:238 3-301 3°407 .
. Metal etc. ’ - 0881 0995 1109 2960 | 3071 3°069 3180 3165 . 3276
~ Other Manufactures, 1462 1635 1-808 5671 - 6°006, 5983 6318 6263 - 6598
Select Construction - ) 0°279 0°302 032§ 1°305 1°345 1°389 1'429 | I'466  1-506
"EJGIW. T s 127756 13544 14332 3725 3865 - 4018 L4158 4207 | 4437
R ST e At 1968 prices (£000) ) -
. - . oL . K/L" . . > QL -+ - QL QL
ST Sedor 7ttt -4 1968 1970 1972 1968 1970 o 1972 ' -
i I Norm. High Norm. High . Norm. - " High
- Solid Fuel T . 1°555 1602 - 1649 - 1602 1987 1683 1867 ° 1762 . 1°947
Othér Mining ~ *~ - | 3520 3781 4040 3°695 4593 4182 5080 7 4634 5533,
" Food e, - - I'631 1-815 . 1°998 7545 7731 7°900 8086 8218 .. 8404
. Drink/Tobacco RN 20576 2+820 . 37062 & 4438 4806 4°523 4801 ~ . 4600 - . 4°968
Textiles (excluding: Hoswry), - 1°320 1:463 1605 3°058 3:205 3°20§ 3352 . 3337 & 3°484
~* Clothing etc.. + " ors10 0°564 0618 2°143 20207 2:270 ©2:333 7. 20364 > 2427
. Wood etc.” + ' 0°650 0°741 0833 27495 . 2+562 2613 "2:680 7 2716 -~ 2-784
Papcrctc : T S 353 71 1°473 " 1632 2746 2:892 2:879 3026 " 2:997 : 3144
- Chemicals . S 2902 3335 . 3767 - 6°946 7114 7299 7467 .. 7609 °  _7'777
. Clayetc. . 27591 2940 3290 3372 3:493 3-589 3:711 3783 - 3905’
Metal etc. - o 1°085 1-22§ 1°365 . 3'910 4°057 4054 4201 4181 4328 -
Other Manufactures * . - 1°799 2°012 2°225 . 6°233 6601 6576 6:044 6884 7°252
Select. Construétion . h 0381 o380 0409 2°092 2156 2226 2291 2°350 * 2°414°
E/G/W. 15°661 16°628 17505 3-738 3-879 4032 4173 4312 4°453

10T AMISOQANI HSNI 4O SIOLDFSANS . NIFIYNO4 ¥Od' SNOILDONAd NOILLDNAOdd
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Levels for 1970 and 1972 as percentages of those of 1968._
" Table7 shows thé results of Table 6, as percentages of 1968 bench—mark levels
"and idicates the variation in expected growth rates, between sectors.

The 1968 Normal Q/L level is the base used for all the Q/L percentages

-

oy H .+

-

TaBLe 7: For 1970 and 1972, K|L and Q/L as Percentages of the 1968 K/L and Normal
. o Q/L Levels, Respectively (Based on Constcmt Price Data)

ot J“ . . . -
- - : e o~ & - - KJL . QJL.. . e L -
’ R 1968 ‘1970 1972 ° 1968 = I970 1972 :
. ~Norm. High Norm. High Norm.  High
"Solid Fuel ~ .. 1100 I03'0I 106°00 ° 100" III'S2 10§04 1I6°S6  109°99 I2I°SI
‘Other Mining " 100" T07°41 - 114°78- 100 124'31 113'17 13748 12543 149'73
Food 100 11128 122°48 100 10246 10470 107°16 108°92 III°38 ™
Drink/Tobacco 100 109'46 11888 100 10829 10192 11021 10366 TIIQ$
Textiles. (excludmg - ; e .o L
' HOSICI'y : .. 100 X10779 121'$8 100 '104°81 10481 109°62 - 109°I3 I13°93
Clothing ctc. JOO IIO6I 12121 100 10295 10591 108:86 11020 1I324
Wood etc. 100 II4°0I 12802 100 10270 104'72 107'42 108-88 111°$8
“Paper etc. ©, 100 11208 124'I6 100 10535 104°85 I10°20 109°I6 II4°5I
Chemicals = . * * 100- 11490 12981 100 10242 105:08 .107-50 109-54 TI11:96
Clay etc. * 100 II3'48 126'97 100 10360 106°46 II0°06 II2:20 II5°8I
Metal etc. 100 112°04 125*88 100 10375 103'68 107°43 10693 110°68

. ther _Manufactures 100. III'83 12367 100 10§'9I 105°50 -III'4I 110°44 II6°3§
- Select. Construction : 100, 108:25 116'49 100 " 103-07 106°44 I109°SI 'I1I2°34 TIS'40
- Eléctricity/Gas/W. 100" 106418 112:36 11010376 10787 III'62 11§°36 I1I9°II

¥ . 1

The capital stock per man-year growth rates across the ten Manufacturing
sectors lie within a range of some 5 to 7 per cent per annum; this apparent
consistency may be due to the linear growth model chosen, without testing other
forms. Solid Fuel shows only 1°5 per cent per annum growth rate of work-
vehicles and plant per man-year, possibly because to some extent oil and electricity
‘may be substituting for it in expanded consumptlon of fuels, and there is less
incentive to investin equipment. .

“The gross output per man-year growth rates are generally well below those of -
the capital stock throughout Manufacturlng and: Selected Construction. The Solid
'Fuel;Other Mining, ‘andElectricity, etc.; sectors show output growth of Ito2-s per

" cent highet. per annum than that of the capital stock. .

The capital stock growth rates are linear, with the four—year increase being

double that for 1968—70, apart from small rounding errors. The four-year growth
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of output is slightly less than double’ the two-year growth, because: log(K/L) not
K]L itself, is used in the production functions. _
The Drink/Tobacco sector.shows some 1 per cent growth rate for output per
man-year for a 5 per cent per annum growth rate of capital stock per man-year.
It may be that the actual stock, by non-allowance for scrapping of old assets, is .
less than that used in the productlon furiction, because the CIP sales figures for
used assets do not reflect the true reduction via scrapping. It will be observed that
the t-value of the B-cocfficient for the sector is not significant at the § per cent level
and is exceptional in thisregard. Thus for Drink/Tobacco the relationship between
capital stock per'head increment and i increment of gross output per head is Weaker
than for other sectors. C
.For these other thirteen sectors it.appears that the expected Normal level of
gross output per man-year for 1972 will be from 7 to 2 5 per cent hlgher than: the )
chosen Normal bench—mark level for 1968. BETURIN

- . 1 . - LI

o . Py *

COMPARISONS OF JVIARGINAL AND AVERAGE RATIOS !

44444

In thls section discussion is kept to 2 minimum and detalled comment on. the ,
figures is not given, in order to avoid undue lengthening of the Paper.

L. M
Marginal Rate of Substzfutzon of Capttal for Labour compared wzth Average Capital
\per Man=year

For'eachi of the ten manufactunng sectors throughout 1960~68 and for.Selected
Construction throughout 1963-68 the regression results give Q/L greater than B.
This means that R is positive for these sectors throughout the period considered
and thus could be interpreted as the cost of work vehicles and plant needed to
replace one man-year of labour, for a constant gross output level Q. .

For Solid Fuel, Other Mmmg,Eleetrlaty, etc. durmg 1960—68 and for Selected '
Construction 1961-62 Q/L s less than B and thus R is negative and has no economic,
interpretation. Table 8 shows comparison of R with K/L, for eleven sectors. In’
calculating R the Normal values of Q/L at-1958 prices-have been used and'then’
KJ/L at 1968 prices applied. L

The extra capital stock of work-vehicles and plant, in lieu of one man-year léss,
for a given gross output, is higher than the average capltal stock per man-year for
eight of the eleven sectors in 1968 and for ten of them in-1972.

'

*

R

Companson of Margmal with Average Gross Output/Man—Year Ratios =

For K constant, dQ/dL = (Q/L —B), gives the extra’ gross output for an extra
man-year. Table 9 shows the- comparisons at. 1968 prlces w1th (Q/L B) first
obtained at 1958 prices, before inflation. . ... X

G - T

E
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wn . Vg oo Lo TaBLE 8- Comparison of R with K|L, at- 1968 Prices, *+ "1
e T i T WTT068 Bendchtriiark vov 1970 Expecied " 1972 Eipécted ©
R ST T e :
s oy oSetor”] woee @, @ (3) LD ) @D @) 6
i e e ity R L KIL (I) as, R.-. . 'KIL (1) as - R. KL (1) as
B T e A ok of %of. ' % of
oy ULV < (2 2 (@),
e in i £000"" £ooo i . Looo  [Looo ¢ Looo [Looo : ¥
f:oc;d-_." ~’ ‘_J‘r'z--oég ,;‘»1‘6;7,1‘, 128 ,2'-515 : 1-8151; 139 5'961 1008 148,
Drink/Tobacco - 9677  2'576 376 10'850  2:820 385 12:035  .3°062% 303 .
Textiles (excluding e o : o . L
"Hosiery) "%« 1503 1320 114 1817 1463 124 2:141  1°605 133
Clothing ete. Lt 0439 300510 1 86 0'548 +0°564« 97 ‘0'6si - 0618 105
Wood etc. 1°'164 0650 I79, 1°425 ., 0'741.r 192 + I'‘698 -0°833 204"
Paper ctc. 1:793  I'314 136 2179 1473 148 2581 1632 158
Chemicals 5034 2902 173 6249 3335 187 7-s18 3767 200
Clay etc. 2467 27591 95 3170 2040 108 3°9I6 3290 "II9
Metal etc. RS 4 21,42516 Ol 085 L 232, 2:990 -11°225, 1244 1 3-‘-»4!79&-‘;31-365 255
Other Manufactures S < 865 ' 799 104 2-311 2 012 115 2:770 222§ 12§
Select. Construction o 0‘85 03I 24 0122 o 380 32 0I6I 0409 39
L Cfe e el L eepedie Lre N A It NP T L e
e okt e %i"J.",’,Jili“Z st Lo p oy e o O AR B
TABLE 9 Compartson of dQ/dL wzth Q/L at 1968 pnces
' 1968 Ben(hmark I 970 Expected ‘.\s‘_‘g9'72 Expected

‘ Set

?* i 7 sty Y QUL QUL ) ab. dQUALY QJLE @

Ehan B ety Iju' .

(2)

I r(")v.“

@@

3)

@) ()

O AQIL ¢ QL (())

‘f,z,.{w " .v;ss LA A?;t}\,g.mu};‘f%of greay oo %Qf’ T S °/of.
e by abeos gl i Lur o it »1111(2), IR P 4 -(2) T (2)
QO Vil ,jgooo Looo £ooo Vi - ,gooo Looo Ve
=3 Y3 i s DAL
Solid Fu l'm LR €0=0, ;141 x'602 ) ’——1 860" 4t 683~63o ——0981 176z—~557

Otlier Mining "‘{"" ¥

e

39 13695 -

3
Eood:irim.e ey u s et 4234 1 (9450 56 It *r4 589*“7900 §8eL THE g 907 8218

8'4 7 -—2 642" 4-183'—63° 3" 22 189 4-634——47 2 )

759¢7
Drink/Tobacco, is 1. w4} 3 505 4" 4_38 7(79°0, .1'3:590 141523, (7974 ‘3667 *4:600 - 79-'7.>
Textiles (excludmg I I N PR L )
Hosiery s 10 Vi rx,ézs §058 1333, 0. 1775 13'205, 55°4° (1'907. 3:337 , ST’ i
Clothmg R 0°992 2 g3t° 463 I 119 - 2270 493 1 212 27364. 51 3 -
Woodett. S LT w’f’I 602 F:3:40%5 164 2¢ hi 1*719 -2 613; 65 8 823 24 716 167+ I’“
Paper ctc. RTS8 1207460 TSt 17187 28767 150°7 1837 2097 613
Chemicals 4406 6946 034  4'759 7209 652 5069 7609 666
Clay etc. 1645 3372 488 1862 3'589 519 2:056 3783 54°3
Metal etc. | soiwndt v 2:732173:91001609 | 2:876',47054 "1 70195, 3063 L 4181 .. 7180
Other Manufactures 3172 G 0233 509, 35Is (G576 535 3:823  6:884 5575
Seledt! Conscrucnon3 S 00406 “z 0927 1957 07540 H 24326 243 ' 0°664° 33 so‘ 283

Electnaty/Gas/W S 14303 130738 2432030 —0 909 4 032~22 5 o 629 -y 312 Y 6"

1 syrtls,
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The negative results imply that for the fixed stock of capltal equipment an extra
man-year not metely does not increase gross output but on the contrary reducesit,
presumably by less efficient use of capital stock. A reduction of one man-year Wlll
give increased gross output. Whether this is meaningful for Electricity, etc.,
doubtful, since the production process of this sector is rather different in kind from
those of other sectors; possibly output should be a function of the capital stock
only and exist only for an adequate Work—force to repalr control and supply fuel
to the process. :

For the other eleven sectors the gross output for an extra man-year with' ﬁxed
Jevel of capital stock is generally well below the average, bemg less than oné-third
of. the average for Selected Construcnon T e

. f .“

Cat - ~ ,

The Margmal Gross Output/Capttal Stock Ratzos o

These are given by dQ/dK =B (K/L) and are. shown in Table 10 for 1968
bench-matk KL values at1958 prices. They are of interest in showing the various
increments of gross output-produced by 2 standard small increment of ¢apital

stock (Work-veh1cles and plant), for labour constant. _ _- .o Coer oy
e et st O R S S A
.f’-\_ .l Y ;! n.‘ v, = . .—. LT . P " ., o L ./ ,'j
e e TA%LE‘Z[Q: Values_qfdQ/dKjbr 1968 at 1958 prices | ol .
B R i . . e 4 AL . .
o A SN R Y AL RS L
)U v Sector e« AQJdK for 1968, 4 Sector Do a'Q/dK ﬂ)r 1968 -~
AR ‘.'.‘l P I PO (at 1'9581)1’1665) Cpar ve ’\,."‘;-:(s v :(atl1958.pflC€S).,l-.
D vt — ———— S . s — = -
SohdFuel rarvs . 10503t Paper, etc) T 30881
Other: Mmmg“ ST e 20340 ”3' Chemlcals aTe T o8sgn e T
Food™# @t~ . - gu055c o 'Clay etc: R L £ A
Drmk/Tobacco 3 '.'}"" i .".. O 342". .;‘:' Metal CtC i ",_. ljJ e ‘I'Of[zﬁ;i. r. 1

Textiles (ex: Hos) AR & 149 i (lOther Manuf fes o Tig0g ¢
T e S S 1 TH
Clothmg, etc Tt 366 Select Constr ‘ ;. )' 35900 |
T - Aot ) S
Wood etc . R 223 - Elec /Gas/Water

Fae . . e Y .)-,g ‘Y:’:"/"'i"-r“.; A
T L P I o

.

R R I U TP I RS SR STORNVE 9 e '. S Troan R PR

1 The figures need to be 1nterpreted swith caution; as £1,000 worth 6f hiew work-
vehicles and plant'will last for a varying number ofyears, dependlng on the sector,
andnot for one year only. For 1968 and with values'at 1958 PI'ICCS it appears that
a constant labour force can use an extra £1,000 worth'of new"equiptment to
produce extra gross outputranglng from-)£;3,770for Selected Constructlon to/342
for Drink/Tobacco:For years later than 1968 while the 1968 new equlpment lasts,
the gross output amounts will diminish because the equxvalent—new value will be
reduced year by year to the time of scrappmg R S C,
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~SUMMARY AND CONCLUSIONS:-. =~ .

- The questions raised at the end of the introduction.can now be answered. The:
regression results indicate at a high level of statistical significance that work
vehicles and plant per man-year has grown steadily throughout the period-1960-
1968 in the various industrial sectors. There is an_ increasing volume of gross
output of goods per, man~year.as one moves forward through the 1960’s'and this
has been shown by further regression results to have a highly significant relation
with the level of work vehicles and, plant per man-year for some 12 .0f the 14
industrial sectors. The form of;this relation is a production function which s
“well-behaved” and has an elasticity of substitutionywhich is variable -and fless
than unity for the numerical results obtained. The marginal rate of substitution of
capital for labour is economically meaningful for 11 of the 14 sectors. .

The capital stock (WV. + Plant) per man-year is projécted to 1970 and 1972
by. means of the regression formula (1) above and then used ‘with regression
formula () to give expected ‘1970 and 1972 values of real gross output per than-
year for average utilisation of the capital stock, denotéd Normal levels of gross
output per man-year. Corresponding High levels are also shown.: **~ -

For the Manufacturing sectors, capital stock per man-year is expected to be
between 19 and 30 per cent higher than the benchmark level chosen for 1968.
Normal-level gross output per man-year (1968 prices) for 1973 is expected to.be
some 4 to 12 per cent higher than the Normal-level 1968 ratio. High-level 1972
gross output per man-year is expected to be some 11-16 per cent higher than the
Normal-level 1968 ratio. A 16 per cent increase for 1972 compared with 1968
means that a given volume of gross output will require 8:6 man-years for 1972,
as compared with 10-0 man-years for 1968. The reciprocals- of the ratios Q/L
shown as percentages in Table 7 give man-year coefficients per unit gross output,
where the man-year coefficient for 1968 is taken as unity. These ‘man-year
coefficients are all below unity for 1972; the value 086 is the minimum within
Manufacturing, relating to 1972 High level for Other Manufacturing. - o

It should be mentioned that the capital stock levels used in the regressions do
not include rented machinery ‘and vehicles; for which no information was avail-,
able. The writer hopes that this shortcoming of the capital stock data isless serious
at the industry-group level used in'the regressions than for individual Census of
Production industries. - - o :

An objection might be raised against the form of the production function used
above, thatit does not;exp(licitly allow for changes in technology, since one unit
of K/L in any year produces a constant amount of Q/L, regardless of the change:
in the productive capacity or quality of K and possible increases in the skill and
technical knowledge.of L. -~ -~ =~ . | S e

As for changes in technology, it is assumed that the labour force is capable of
using the capital equipment as it becomes available so that with capital'deepening
the man-year becomes less a measure of human physical effort and more a measure
of time spent controlling and tendipg’- machines. Thus K/L implicitly includes,

ﬂ' g
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technical knowledge. That.the constant-price calculation of capital stock makes
some allowance for changes in quality ofp machines can be shown as follows. The
price deflators are calculated on a year-to-year basis, so that there is no time-span
in excess of one year, in the comparison of prices. If the change in the price-per-
unit appears excessive for some item which has meaningful physical units, then
this item is omitted from the index for the group; only price changes which
appear reasonable are used. Thus, some item, which apparently. has a large
increase in price per unit, has its value deflated only by an apparently reasonable
price deflator and: thus its value at constant prices is allowed to reflect its apparent

. extrd cost pef “unit, which presumably reflects a relatively high. productive
capac1ty, the item is expensive because it costs .more to make, in order that it
would be more productive. This allowance for extra cost at constant prices is
admittedly far. short of equating the cost of the new machine with it marginal
revenue product, but it is at least a step in the right direction. Thus £ 1,000 worth
of machinery per.man-year, at 1958 prices, is intended to represent a constant
potential capacity to produce a fixed fphys:cal gross output; the limitations’ of

. precmon mherent in this deﬁnltlon of capacity are adrmtted ‘
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‘Year- * ' Solid " v Other T Fobd * Drmk/ (ex Hos- Hoszery/ ¢ ’Furmture
»iuht cFyel{n e memg et Tghaees 1ery) "+ Shoes| "<t Bt
,."-,i}l LY S UP T :-,_ V; { l.(\ .‘;3‘"E'~'§ ;113;\; AR INRE T ’Leather r s

f'953"' . ‘o479 T 201 0528( o 6'36'1':‘{’ - 0466 i 0155 “0”1)5’3"' '
1954 '0618*‘»; * 133 ) 0586 . ;»6-6yc'>7"_ : -0483 V 0165 .y' 0169
1955 0798 1 189 0610 T oy 10489 ! 0176 ’ 0186

1956 = 0900 "' 1375 ¢ o 702 " 0864  ‘os09 Ml "‘o' ‘1857 L “oa13”
1957. ©0'988' " ' -I465+ - 0703 ¢ ?"0-967" ! ”‘0539 ozo6 L to 221"
1958 1096 . 'i1-888°'s .o 679 1-086¢ ofs78 .t .t o 217‘ Ta00208 7
1959-7¢ 1187 "1 2180, .10 707+ Y IM178 3 L0609 L "0°230" s '0*226 !
1960 T 1127 . 20096 1 077509 10269 T 0°6GISe: . 0242 0 1. '0°2420 ¢
1961 1°105 2108 . 0778 . I:384.., 0665 - (i0;258..: 1 0257 - .
1962 1218 2:206 0768 1-528 0724 0284 0°290
1963 1:203 2071 0-808 1636.. . ,0783. 0303 0338 -
1964 1:090 1-848 0°925 1-688 0844 0°327 o 382 ,\
1965  1-183 2316 1018 1'734 0910 0353 0417 ’
1966 1195 2749 I'I1§ 1-864 0°041 0372 0°455
1967 1-342 2:844 1:203 2-018 1-006 0°3092 0°479
1968 1°249 2-821 1312 2:076 1:091 0'415 0521
Paper| Clay/ Metal| Other Selected  Electricity/
Year  Printing  Chemicals  Cement] Engin-  Manufact. Construc- Gas/|
Pottery|  eering| tion Water
Vehicles

1953 0481 0597 0692 0°434 0°323 0°095 8-832
1954 0-508 0624 0764 0413 0'336 O'ITI 0477
1955 0°542 0668 0°807 0°424 0365 0'130 9993
1956 0°584 0729 0:894 0485 0'419 0152 11°092

1057 0638 0:803 1074 0528 0°473 0194 12°128
1958 0°694 0855 1-181 0523 0654 0195 12°941
1959 0701 0874 1162 0'518 0-807 0'190 12727
1960 0°626 0899 1090 0471 0-828 0196 11°353
1961 0588 1010 1131 0452 0843 0198 9923
1962 0°645 " 1170 1189 0491 0909 0°202 10216
1963 - 0707 1+250 1°160 0-588 1006 0-211 10°081
1964 0789 1-309 1330 0°666 1:022 0235 11750
1965 0913 1337 1584 072§ 1151 0°249 1I°540
1966 0972 1°678 1:846 0783 1314 0254 11-664
1967 1-002 2210 2039 0:846 I°41I1 0271 12:24$

1968 1-068 2°355 2°099 0852 1:462 0°279 12-804
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A AT . K/L’Actual Versus Regress:on Esttmate (,(;OOO at 1958 pnces) -~ " e
© Sector T 7 AR ' 1960' 1961 1962 1963 1964 1965 1966 1967 1968
Solid Fuel Actual | 1127 17105 1-218 1203 1090 I'I83 I°I0S  I°342 ¢ 1°249
+ 1. Estimate SIS L II34 1052 171 I'190 12094 2285 1 247 1:266

T Othér Mining > <7 7 7 1% 3 5w -Actuali % 27006 - 12'108 & 2:206° 1858 - 23160 2740 . 3:84 ¢ 2821
- - co Estimate :1.-934 2°038 T 2:142  2:247  2°3§T T 2°43s5 T g-560‘ 2664 g,'-768

Food Actual o750 0778 0768 0808 0925 1018 III§  1:203 ! "1r321
“Es‘_timag;e §70°669 0743 0817 0-890 0964 . 1~o_38 _ III2 B 1185 & 1°259

n
3
3

N
3

s

; Drmk/Tobacco ,: . < . % =% Actual- 1269 10384 "} I 528 Y1636 G 1 638 v T754> i°8§4 ~ 27018 1 2°076
'* A ;20 -2 37D 47 I (Estimate L1395 1304 G I'402  I'590 1689 - 1-787 - 1-885 0 1-084 " 2:082°
exules (excludmg Hos1ery) Actual 061§ 0665 0724 0783 0844 0°9I0 0941  I006: '; 09I <
" Estimate . 0610 0668 0726 0784 0842 0900 0958 . 1017 i-975‘-3
! Clotlnng etc, ;" N E LT, CActua 0242 "0258 0284 0303 . 0°3z7 - o 353- o 372 Q392 O 2
“ .7 . 1% ¥ Estimaté "t 0239 . 0261 70283 - 0:305 - 0327 03493 03717 0-3935' o415,

Woodctc o Actial '0-242, 0257 0290 04338 0382. 0417  0°45S 0479 0521

Estimate 0230 0267 0303 0340 0376 0412 0°449 04851 05222

Lo Paper [ S | «Actual %0:626 - 0°588 . 0°645 ~ 0°707 ¢ ©° 789 . 99135 0972 1-002 | F068N
. ‘-:.~ v N T e S TR VRS Estunate Z 07554 = 0619 & 0683 0748 [ o 812 7 & 877:- 0941 0061 1: 0702l
L Chefidalss ¥ ™ - T 7 T 7 TActual < qd‘"89g “ 1016 1170 T 1250 1°309° - T3377 1678 22101 3557
Estimate _0-767_ 0942  I'II§  I°293 1460 1°644 I'820 -1°99§ ,}: ;170
S _Clayete. . ..., _Acual =rogo rmr 1189 ri16o 1330 , 1384, 1846y 2:039 S) 2099
FoL . I AN ¢ Estimate 7 0'030 ~ 1'072 + 1213 o I035s 1:496 - 1 638 I 780“_~ 1921 2°063
© 5 Metal eteis 0 wTen s e b s 0 3 SActual 07T < 00452 < 0491 - 00588 - 0666 * 0735 © 6783 - 0°846 | fr 6852

Estimate 0424 0481 0538 0°596 0653 0710 0767 0824 0881
thcr Manufacturing Actual . 0828 0843 0909 1°006 1022 TIISI  I'314 1411. 1°462

er PO A R % - Estimate ~ 0759 ~_0:845 . 0932 10019 - 1-105.t 52 & 1 278 7 1 365' 1481
! Select Construcnon T ET T “Acmal T 0196 T0'ig8 : 0202 : 0%211 61235 < | o254 = o-z7rl 0279
( Estimate o187 0198 0210 0221 0233 0244 0256 0267 ;0279
a Elec /Gas/W Actual  .9'500 97923 10216 10981 _II'750 _II'S40 II'664 12°245 . " 12804
R PN 2 f,’ CENPI BN ~ Estimate 9605 £ 9'998’ “10:392 101786 .\n 180u11 574« 1 968 12:362 ' 12756
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- [  oo APPENDIX 2.(PART 1) : _
- C o?s Output per Man-Year (Looo at 1958 ‘prices)

[ Pod
-s. i

tal e U D T .l s 5. Cloh] - Woodl
Year. < Soltd <" " Other . “Food < 'Drink]  Textiles ' Hosiery/- Furniture
Fuel  Mining _ Tobacco  (ex: Hos-  Shoes|

A A LS /DA S PO SR iery) _ Leather :{‘2"'

fg?g 0590 0854 4377 2-801 1°558 1084  1°076
L1954y 106307 < 08720 U 4127 2894 . T304 . 1052 -T137
1955- 0640 © - 1079 ¢ 3939  ©2:960 I-S0I° 1069 . 1148

1956 0741' 0950 3971 3044 1-652 1127 1118
1957~ 101797 % % 1035. | 4149 2045 T 17357 . 1126 .-, T'IIO
1958 L0517 .o 11672 4276 " 27926 1-800 ¢ 1166 1132
1959 1:097 1277 4'433 2:932 1-866 1228 . 1202
1960~ ROUIS & . ISIT. 7 ~4'577 L . 3099 " 1999 1302 - 1287
1961% ~0874, T T4 4885 <Ti3ig9 0 200795 o 13800 i1'339

1962 *0'998 1:526 4815 3175 2:150 1450 137§
1963~ £0:098 - ; I483% 4840 - - 3I6Q C 22027 ¢ 1484 ° 1547
1964'; T 1i022% 7. 16571 ¢ 5006 - - 3:044 - 2315 - 1630 1584
1965 0850 1846 5:300 3225 2390 1:663 1640
1966 0970 . 3119, . 5$81° -, 3187 2:416- 1679, ‘1:66i_
19677 . T241 . 13714 % 6113 . 03307 . . 2:561 . I745. . " 1682
1968 1°239 4°444 6:199 3-671 2768 1-882 1-827
g 95’ T fClqy/ :‘Metal/ Other . A, Selected EIectrzaty/
“Year Paper/ Chemicals Cement/  Engin-  Manufac- “Construc-  Gas|
15 Prmtmg 5 7 Pottery eering/ . turing.  tion ' Water
R ETS R Vehicles. = o 3]
1953 ""1-187 T 72801 T 1465 T Tr788 T 1285 Y76 T 1781
1954 1-286 2889 1°557 2071 1479 - 815 1:926
1955 1372 2'975 1655 2176 1-518 797 . I'95I
1956  1-340 2916 1739 1-851 1:519 825 . - 2:005§.
1957 1:363 3228 1-583 1046 1-$01 ‘805 . 2:076
1958 1:473 3161 - 1654 2166 1-642 -878 225§

. 1959 1605 37491 1-792 2°31 ", 37523 912 2302
1960 1644 3-581 1-912 2436 . 4134 ‘932 2:470
196¥ 1:734 - 3798 1879 2:425 T 4202 978 - 2'539
1962 1:769 « 4°090 2:123 2:358 4311 1042 To2723
1963 1820 .. 4162 2133 2°551 4-664 1°142 2-858
1064°% 1989 .  4-228 2370 - 2723 4°687 1:207 3072
1965 :, 2:050 . 4666 2:538 2:825 5019 1222 ¢ 3183
106677 2:006 T 4:898°  i2:581 2784 4627 . -1309 - 3370
1967 - 2163 . 5270 2-882. . 2833 5998 T 1-385 . '3'593

1968 2°345 5°597 3039’ 3°071 5-858 1345 3860
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_ APeENDIX 2 (PART 2)
Q/L Actual Versus Regression Estxmate (,(;ooo at 1958 prices)..

- Secdor T < - - ~ ‘r9bo - 1961~ ‘1962° 1963 ~ I964 1965 1966 I967  I968
Solid Fuel Actual o715 0874 0998 0998 1022 0850 - '0°970 U241 1239

. : . Estimate ~ 0'88¢. o° 852 ‘1037  1°013, O 826 ~ 0982 1001 * I-222 '1-08§

*. Other Mining - » N Actual - 15117 1 *411 ‘~.I'54‘26.' 1-_4Sj e 657 1846 3119 - 3714 4444
h - : he “ Estimate - 1'614 ‘1651 20215 1°534 0818 2272 3404 3628 - 3°575

Food Actual 4577 4885 4815 4840 5006 5309 5581  6°II3 6°199

. . : [Estimate - 4:636 4735 4700, 4'837  $:201  5°459  §°705 , $°000 - 6°143

© Drink/Tobacco. = 5 = - . = . ,Actual 3099 3199 3175. 3:169. - 3:044 - 37225 3187 3317 3671
Sy e SO0 T Estithate -3°037 ° 3099. 3°170° “32IT ~324I- 3260 ~ 3°3II 3368 3388
Textiles (excluding Hosiery) Actual 1°999 2079  2°ISO 2202  2°3I§  2°300 27416  2°561  2:768
Estimate  1-952 27049  2°I54 2250 2343 2436 : 2477  2'559  2°660

> 'C'lo‘thin:g etc.. < .° 5 " Actual 1302 - 1380 1450 1484 1630 . I- $663  1°679 . I'745 '1-882‘
S w T _ Estimate' - 1298  1-361  I455 _I'SI9 _ 1504 S5 668 1720 - 1772  1'828
Wood Actual " 1287 1:339 1'375 1547 I'584 1°640 , T'661 1682  1:827
Estimate  1-290 1°328 1°405 1:503 1581 1°637 1°693 1725 _1°779°
Paper etc.: - Actual | 1644 1'734- 11769 1820 ~1-989 2050  2'006 7 2°163 ‘2-345""
- T S ~ ¢ 'vEstimate 1723, 1664 1-751 .1:837 1940 20078  2:137 T 20165 20226
Chenucals ' © " Actual " 3581 3798  4°090 4162 4228 4666 4898 5270 . 5597
Estimate  3'584 3820 4118  425T  4°344 4387 4847 5404 57533

. Clay etc. . . .o, JActual> 112, 1870 2:123. 2133 2:370 . 2°538 2§81 2-882  [3-030
LD N, ” - Estimate 1954 ,2010 2°085' -2:048 2254  2:518  2-748  2:898 2942
" Metaletc; = : “Actual, . 2436 2425 -2'3s8 255t 2725 2825 2 784 2833  3°07I
. Estimate 2:401  2-365  2:438 2:509 2+710 2786 - 2855  2'924 2930

Other Manufacturing Actual = 4134 4202 4311 4664 4687 5019 4627 5 998 ' 5858
S o n " Estimate - 4088 " . 4138 47948 4629 4674 . 5005 © $'374 © S 572 £5°671
- Selected Construction . . aActual 0932 0°978: ‘T-042: T142 1207 .I:222 I'309  I1'385 - I°345
Estimate 1-021 1°042 1-088 1:201 1°262 1283 1°351 1+381

Electric/Gas/W. - _ . _Actal. 2470 2530 2723 2:858 3072 3183 3370 . 3593 3860
FO ; T 3 T L Estimate <o 2°486 ’23630 " 2:987 3319 . 3230 3283 3521 3742
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= Mid-Year Capital Stock of B'utldmgs per Man-Year (£000 at 1958 pnces)

s N S = 2
T S S A O Textiles . Clothmg/ -
Year  Solid Other Food Drink/ (ex- Hos:ery/ Wood/

,“q
Tesd
18

i oo T

_Fuel ;. Y Mining » > -» % = + Tobacco, = Hosiery) = *~.Shoes| : Furmture
S I - A -SRI SRS
N SIS TE 0L - T a3 TLeather: 1-7 ‘

I19531‘ N

oz76~ 70400, ~ 0°541 _ 2 0922 ='  0'352° ° 10181 »ﬂo 246
19547 T 02812 ! 03830 50576 Y L0043 03510 Y 088 'l 0254
1955 ozgo 0396 0385 1000 0350 0195 0259
‘1_956- ;0303 ~ <0407 - 0650 -+ 1:047 . ~ 0354 = :020I: /o 282
1057. ', 0323 * 170°493? % 10685 ¥ . 1:083: 7 0'360. 0216 © 0325
I9s8 0380 0623 = 0699 = 1135 0373 0223 04338
1959 - . 0577 0°686. 20,0703 . 1160 . o 382 000227 . .0-35‘9
1960 0708 “ 0641— b 0723 1184 > 0365.; = ~0230 o 0377‘
1961 0-780° 0617 0722 1107 0377 ‘0232 0383
1962 ,0:903, . 0656, 0724 . , I:245 . 0405 . 0239 . - o38o
19637 G964 - o602: T 0757 o 1208 | | 0430. T 0247 5 6405
1964 i-000"" 7 '0655 T ‘0809 T ° 1357 0447 0257 © ' T0431
1965. _1:I52 0833 o 0851 1428 0481 0275 0446 .0
19667 ¢ TI845 TU003SE w0902 103 T 0498 0292 v, T0476 I
1967  1'3477 7 1020 © T0°045 T1's80  C o's21 ' 0307 . ‘0485 *
1968, 281 1021, . 0994 , 1:648 0546, 0326 ) ol508 '

Paper/] © 7 TClay] T Metal]T Other ' Selected EIectnaty/

“Year Printing  Chemicals 3 Cement|  Engineer-, Manufac- Construc— ' Gasl...

s =T 5 e i Pottery _,mg/Vch ‘tt‘ufmg:_ : tiotty 5 I’I{a{gr
19537 To0393° o765 | 0550~ o4zz” 0400 '0-136' 4'902
1954 0373 0747 0563 0401 0400 0135 4911
1955 0377 0758 © 0584 0418 0414 0142 4875
1956 0-384 0789 0639 0°472 0°449 0161 5 262
1957 0394 0-845 0748 0506 0°488 0213 5826
1958 0408 0898 0-813 0°493 0'618 0240 6288
1959 0°407 0-898 0796 0469 0697 0252 . 6129
1960 o 406 0906 0°746 0°456 0679 0260 6:115
1961 0415 1008 . 0726 0459 . 0681 0264 . 6016
1962. 0430~ I-135 0716 0461 3 0712 0269 $°956
19637 0°457; 1-182 0720 0473 _ 0743 0278 ' 6007
1964 0487 - 1218 - 0744 0484 . o708 0300 - ' 6003
1965- 0530 1240 i0°754  _O'S2I O74S 0314 5, 5871
1066, 0546 1262 L0830 0545 © 0803 7 0323 I 15'049
1967 .  O°SSI ™ 1404 000§ 0581 . 0831 1 0365 .. 6012
1068 0569 1419 - 0-028 0581 0817 0°407 6:054
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