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Tﬁerprinéipal purpose of this paper is to report ‘a new measurg ©

labor productivityvfof the U.S. production of food for personal con-

sumption. We measure productivity for the aggregate, as well as four

-

The orientafion of this study is fundamentally different from the

se proceed entirelv along pr oduct1oq

o ° [
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oriented limes, Aggregates are formed based on produétion oriented

'si il rities.  Such studies are useful-but sometimes produce results
which arve difficult to interpret, Aftar all, economics is a study of

the all orat on of scarce resources to achieve cempeting ends. Production.

is not an end; consumption is, Thus the ultimate test of the pro- A\

1 S

by

ductivity of an economy is the efficiency with which it provides

consumption goods for itself. In this study, producers are ”Cbﬁéidered;
together” because-their'output is directly or indirectly necessary to

produce goods which have consumption oriented similarities. Spe01f1ca iy,

“'this is a study of the "food system" of the ecomomy, where the fcod g
system is defined to include that portion of the activities of every /

//7 It W&Wé ﬁ%j ST /P I\'\

industry that is necessary in the process whose end product is  the

deliVeryv0f7food for perscnal consumption. . Following our productivi

estimates, we discuss the contribution of selected industries to th

system,

* We would like to acknowledge and thank Bessie Yeh and Gene Le
their contributions to this study.
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Qutput of the Food System.
The process by which the U.S,vprévidesvfdod for itself is

obviously quite complex., Consequently, it m%y be suspected that

‘any attempt to measure output, labor input, %nd hence labor pro-

ductivity for the food system would be ratheﬁ'complicated, Whereas

_ 1 . .
measurement of labor input, and hence labor productivity for the food

sysfem would be rétherbcomplicated, Whereas measurement of labqr input
is. indeed difficulf, our measurement ofvfinal outpﬁt is straight-
forward. The final output of the food system was méasured by pérsonal“
copsumption expenditures for food as fepcrted in the national"income
and product accounts. It is given.ﬁhere in current and constant
doilérs, and_disagéregated'into i) food purchased fdr off?premisesv
consumption, ii) purchased‘meals an& beverages, iii) food:furnishedv
‘écvernment aﬁd_comﬁerciai émployees,:and iv) food produced and consﬁﬁed
on farms. R DR

»Tabletl shows the components of real personal coﬁéumptién expendi-
tureé (P.C.E.) for food for the years 1958, 1963, 1967;‘and 1970. (The
choi;é of‘years is explained in the‘f01lowihg’seCtion.) Total P.C.Egv
for food has grown at a rate approximately twice the rate of pépulation
gfowfh, From 1958‘tq,1970, total U.S. population grew at an ahnual!
rate of 1;3% 1/ whereas real P;C.E. fof food grew'ét é rate of 2.5%.
All'éomponentsbof real P.C.Ef for qu& grew at ébout the same-rateb
excepﬁ'foodbpraddéed and consumed on farmé.which deéliﬁed at an average

annual rate of 6.5%, partially reflecting the decline in farm population,

1/ U.S. Dept. of Commerce, Statistical Abstract of the United States,




Taa¢e 1. “”P?fSOQ&L Consumption Exneﬁdltures for Food -in
Constant (1958) Dollars |
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P1958 2/ P 1963 b/

Purchased Meals and Beverages-

Tood Purnished Govermnment and

Food Purchased for OIf-
Premises Consumptionsewe=ce o

o]

s t» am fea

58, Lok 6&,;L1 Th,585 - 80,297
15,319 17,613 19,693 20,265

43 00, »2 s e

-Commercial Employess=wmr=emmmme ¢ 1,243 1,169 1,684 1,69k

- Food Produced and Consumsad on A
Farmgeeernenavonnanenmenessases 1,410 - 825 623 630
Food for Personal Consumption-s 76,376 84,1&8 96,685 ;u¢,8¥6

U.S. Dept. of Commerce, “"Personal Consumption Expenditures in the 1958
Input-Output Study," Survey of Current Business, oct., 1665,

U.8. Depbt. of (Commerce, ”?erson&l-Ccnsuprio& Expenditures in uhé 1563
”znput—Outyut Study," Survey of Current Bus‘pe ., Jan., 1971,

U.S. Dept. of Lommefce, "Input-Output - Structure of the U.S, Enonomy~‘

1967," Survey of Current Business, Feb,, 197h.

0.5, Dept. of Commerce, "U.S. National Tncome and Product Accounts,”

' Survey of Current Business, July, 1972,

The deflator for each component is the U.S. Department of Commerce
Cimplicit price deflator Tor that component a8 published in Table 8,€

of the annual "mat10n31 lncome Issue® &7 ﬁne Survey of Current
Business.

wovemse-ei]1iong of . 19 S‘Dollﬁxsuouwnwéew#f'
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" Labor Input in the Food System,

To measure labor input, we must “track down" all the labor used

-within the entire economy to produce and distribute food. Not just

the labor used by farmers, by food processors, and by distributors; but
also the labor used in making the inputs that they use directly, and
the labor used in making the inputs for producing the direct inputs,

etc; It will be argued below that the only way to measure labor input.

'thi exhaustively is through the use of mational input-output tables.

For the interested reader, an algebraic statement of our methodology is
included as an appendix., Suffice it te say that the information available
in ‘the natiomal I/0 tables was used to relate P.C.E. for focd (discussed

above) to the labor needed in all parts of the economy to produce this

‘food. We computed labor productivity for the recent years for which .

~naglona1 I/0 tables are avai able: 1958, 1963, 1967.- 3/ Labor productivity

was computed for 1970 by using. the 1967 transactions matrix. The

implications of the re-use of the 1967 matrix are not intuitive and can

- . be discussed only after the algebraic model is developed in the appendix.

g/ The idea of measuring productivity with the use of'I/O is not new,

One methodology has been examined theoretically by Rymes (""The Measurement
of Capital Total Factor Productivity," Review of Income and Wealth, 1972,
pp. 79-108) and a review of the applications of I/0 to product3v1ty is
contained in a paper by Howe and Handy ("Inventory and Critique of Pro-
ductivity Estimates in the Food Fiber Sector," American Journal of Agri-
cultural Ecomomics, Dec,- 1973) Our bpéblf“C meLuodology differs from
all precursors. .

3/ The 82- industry current transactions tables were used in each year,
Since the current transactions tables do not include capital flows, the
labor requirements shown below do not include the labor required in the
capital goods industries (except for labor nece3qary to produce spare

parts for maintenance). A useful extension of this study wouLd be to

compute these additional labor requirements.
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entries in the matrix L in the appendix) were

The total direct and indirect labor requirements are shown in
Table 2, Since our direct labor requirements coefficients (the diagonal

‘computed as the number

\

of civilian employees per unit of output, the %nits in Table 2 are

i
i

thousands of civilian employees engaged. ﬁ/ The toral laboxr required

{
[

in the food system has remained stable from 1958 to 1970. However, the -

labor force grew 1.66 % anpually 5/, which implies that 4 decreasing share

of the U.S. labor force is needed to provide the food needs of the

population. Labor required to produce purchased meals and beverages
has increased gradually and labor required for food produced and consumed

on farms has declined markedly,

.

Labor Product;v1ty in Producing Food for

Personal Consumption,

We measure labor productivity as the level of personal consumption

'expenultur eS per person eubageu in the food system.  This measure is

shown in Table 3. Note that 1abor productivity varies widely with the

Vo

Lype of consumptlon and that this dispersion is increasing in.magnitude.

—

The hlghest valhe of product1v1ty in 1958 was $6, 161 (for food for off-

premises consumptlon) and the lowest was $5, 341 (for food produced and '

i&f 5 £ : AL ’5"%"‘“@ P

. consumed on farms); a difference of 15%. By 1970 theﬂaﬁgpexs;gn has

. "\ . -~
grown to’ 35 %: productivity was highest for food furnished government and
t : .

commercial employees, at $9,736, and lowest for purchased meals and

v

beverages,‘at $7,199,

’4/ Ihe labor data is taken from Bureau of Labor Statlstlcs worksheets on

total civilian employment by industry.

5/ U.S. Dept. of Commerce, Statistical A“stract of t e United States.
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- Table 2.-~=Totel Direct and Indirect Labor Reguirements to Produce
Food For Personal Consumption. '

Po1958 ¢ 1963 ¢ 1967 ¢ 1970
Lo e Thousands of Pergons Ingagede-e—wamwenw
1. Food Purchased for Off- . : , . '
Premises Consumptior=m==mmmwme-— ¢ 9,480 8,805 8,900 9,077
2. Purchased Meals and Beverages-; - 2,536 2,717 2,778 2,815
3. Food Furnished Government and : - ;
Commercial Fuployeegs-—mww- —— 202 176 203 17h
b, Tood Produced and Consumed on : - ' o o .
 FRTMG o m mm m sn e : 26k 1k5 .85 . 73
5. Food for personal consumption-: 12,482 11,84k 11,965 12,139

| Teblé 3.--Output per Person Engaged in the Production of Food for Personal
' - Consumption

1956 ¢ 1963

we o

1967 1970

e leox ae

(e e ~1958 Dollaprg-=o-=ommmommnm———

Food Purchased for Off- . o o '
Premises Consumption-=e-w==wa- . 6,161 7,330 8,380 8,848
Purchased Meal and Beverages--. 6,041 6,483 7,089 7,199
Food Furnished Government and . '
Commercial Employees=mmmmmmame= . 6,153 6,6h2 8,296 9,736
Food Produced and Consumed on : o :

 Parmse s e e o e : 5,3L1 5,690 7,329 8,630
Food for Personal Consumption~-: 6,119 7,105 8,081 8,472 |
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This prowxng d1sper81on reflects dnfferlng rates of product1v1ty

grcwth, which is evident.from examining~Tablev4, Growth in labor pro-

ductivity for the prdductidn of food for persoﬁal consﬁmption averaged

2.75% annually, 1958-1970, The growth rate wag not constant, however{

i
i

lb Productivity .grew rapidly during.1958«1967 and Flowed during 1967~1970; 6/

The results shown in Table 4 verify conventional wisdom in several

respects. The genera] slowdown in-the rate of product1v1ty advance

.durln? the late sixties has been noted before and is reflected in the

aggregate shown in the bottom line of Table 4. Conventionzal wisdom
fufther suggests thatbproductivity advance would be lowest for purchased
meals:énd beverages (due to its seryicémorientéd nature)bwhich is seen
to be true. Also, the 1958-1970 growth in productivity is higher for
food produced and consumed én.farms than fbr food purchased forvcffn

premises»consumption. Because the former category consists of foods which

require little transportation or max netlng oerv1ce, this means, in essence,

‘that labor productivity is growing faster for farming (and its input

industries) than'for marketing and transportation .(and their input

industries.) 7/

&/ As noted above, the 1970 productivity estlmate was made using the 1967

dlrect requirements matrix., It is unlikely that all of the slow-down in
productivity during the period 1967-1970 resulted from this re-use of the

1967 table - though some of it may have, Due to the way in which technological
change impacts on an I/0Q matrix, there is no apriori reason to suppose that
re-use of the 1967 direct requirements matrix understates growth in pro-
ductivity; as remarked in the appendix, it might easily be overstated. It

will be pOSqlblC to check whether the qlow~down was real when the 1972
national I/0 study becomes available

,7/ A word of caution is in order herc. The 1/0 methodology assumes’ that

‘the slaughtering of livestock consumed on farms is done in 1/0 industry 14
(food-~ -processing), Thus some of the productivity advance shown for fooé
produced and consumed on farms may be attrlbutab]e to I/O 14,
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‘Table 4, --Growth in Labor_PTéductiVity,~ Ave?agé hnnual Growth Rates,‘
TYIgEE i 1963 1. 1867+ 1958
5 ~1963  : -1967 - : -1970  :  -=1970
e Percentee me s mmn i e
1. Food Purchased for Off-Premises i - R -

- Consumpticnes-seemememsme e 3050 0 3000 1,81 3.06
2. FurchaSed’Meals_ahd‘Béﬁerageéw-wff;‘ lﬁﬁ2 S 2.p6 .7ﬁ51: 1.47
'3.‘ Food Furnished,GGVernment;and 13 o : . o ‘ o

Commercial Fmployees=s =mwmmmeninn; 1.54 5.71 5.48 3.90
L, Pood Eroducedaahd'Cohsumédfon . ?_'- A R o -
- e wme-s L0270 6,54 5,60 L.08
5. Food for Personal Consumption~r=--: A o
o o ' : - 3.03 3.27 1.59 2.75
ke
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‘While a number of proﬁeeativé fluctpations in tne,fate of pro-
duCtivity aﬁvance can beAseen by examining the‘three]subperiods shown in
Table 4, relating these changes éo specific technolegical innovations and
to shifting input mixes, is. beyond the scope of this study.

The Food Syetem.
‘Inbthis section we ﬁake ouy eonception‘of the-food system more

concrete and support our assertion that dniy by using I/O mey productivity

be correctly measured for the food system. The process by which the U.S.

produces food for personal consumption is quite eomplex,'asvw111 now be
established by showing the levels‘at'which 28 selected industries

participate in the food system. 8/ We show participation in three ways.

‘Table 5 shows the gross output required from each of the 28 industries e

for the economy to produce food for personal consumption. Tables 6 and 7

can both be related to Table 5. Table 6 shows the labor needed in each

of the 28 induétrieé,to'produce the output shown in Table 5. Table 7

shows the income generated (or value added) in each of the selected

industries. - Thus, each entry in Table 7 is the output‘showniin Table 5

'minus'pufchases of intermediate products. 9/

8/ Generally we selected the 28 industries whose participation was largest.
However, some - smaller industries were included when they seemed of partlculal-
interest.

9/ More productlv1ty measures would result from deflating each entry 1n'
Table 7- and dividing by the corresponding entry in Table 6. This was not
dene for lack of appropriate price deflators. 1In addition, the wmeasure

would factor .te a ratio of the direct employment requirements per dollar
of real income retained, ignoring indirect employment requirements and -

thus not conforming to the appreach to productivity taken in this paper

Using these additional productivity numbers,.we might seemingly measure the
contribution of each industry te the overal1 increase in productivity shown
above, but the theoretical basis for such an analysis would have to be
developed. At best, the numbers would have little significance by themselves.

@
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Tables 5, 6, and 7 present some 1uLeres11ng numbers, For one

thing, the farming industries’ part1c1patzon Jn the food system is

dwarfed by the ot her industries, Ecr examg1e, in 1967 the production

of food for personal consumption generated $253‘billion>of total business
activity but only $42 billion (17%)~is‘output fiqmvthe'agricultural
industries (I/0 industries i and 2). ;Simiiarly the agricu1tura1 industfies ;

retain only 147% of the income generated. One.implication of these

results is that the prdce which consumers pay for food is velativel
_ p p

insensitive to factor conpensation in agriCulture. 10/  The livestock -
and livestock products industry required 2,02 million worke s to produce

Food for personal consumption in 1958. By 1970 its labor requirements

“fell to 1.18’million;WOrkers, The proportion of total labor requirements

from all industries accounted for by the two agricultural industries fell

from 30.3% in 1958 to 20.4% in 1970.

While %OOd processing (I1/0 14) contributeéd 31% of tgtal business
activity required to produce food for persbﬁal céhSﬁmption in 1967, its
ﬁfoporti;ﬁ of total value added (19%) aﬁd total lanr requiréments (13%)
ﬁas mﬁéh smaller, - |

Convefsely,'whélesale'and retail trade has the highest labor require~

-ments (40% of the total in 1967) and accounts for the higheét.proportion

of valpe added (32%), but aééounts for a much,smaller'pIOportion of total
busineés actiVity~{19%).

Both the tradévand service industfies are expanding in importance
within the food sy;tem, 'whclesaie and rétgil trade increased both its

share of total gross output from 15.6% in 1958 to 19.0% in 1970 and its

share of labor requirements from 32,6% to 40.4%, Business services

10/ From 1972 to 1973 factor COmpendelon in farmlng rose by 60% while
the implicit price deflator for PCE for food rose by 13% (Survey of Current
Business, July, 19/4) a ratio consistent with our results.,
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T&ble 5. mwurosa cuagut needﬂd from selected J”ﬁUStT19$
- produce food JOT pers onal consummtion,

£

oL,

o5,

26.

27

331;

35,
L3239,
b o

59.
65,
66.

68l

70.
TLl.
2.

- 75,
1T

80,

Produxi g 1du 3

ce- 4w me 3

11963

vs ea e

1967

as se s

1970

-

Livestock aﬁd 1ivesto ﬂk nrmoucuemw--—~
Other agricultural productseee-me=soo-
Forestry and £isher ry productgse—mmmenw

CAgricultural, forestry and fighery
seIVLcese~«~~—m~«—4 ~~~~~~~~~~~ o e o )

Coal mininge=-=wwmme. ST D JR
Crude-petroleum and natural gose=emwan
Maintenance and repair const uction---
Food and Kindy
‘Paper and allied ﬂﬂoducto; mxcept con-
T o O T T T

Paperboard containers and boxeg~=s-mw-
Printing and publishing~~wewosmsmmanox

£l

Chenmicals and selected chemical pro-

(-‘L
W

QubLSw-'mwnwnm-«w-—uc——hmawwm-ﬂ s G o n w1 e @y WD O L ‘

Petroleun refinlnq and re]ab@d indus

Lriliege s mmema e o o o . 0 o O Y G0 b 4 B v i e v B4 6 o B VO

Glass and glasgs producs-r=r=omwme=memeo '
Metal conFalnerSwwﬁ»—qnwnw~~¢ ~~~~~~~~~~
lmrm,machlnery'and equipmente = mmemm-
Motor vehicles ond equipmentew=eweewee-

11ransoovtatloa and warehousing=-===m=m=w~w=-

Communications; excapu radxo and
TV broadcasting===w== - o i 0 e e e 2

Electric, gas, water and sanltmry
B ETVICEE e et i o e s o e e .
 Wholesale and retail tradew~-~ --------- _

Finance and insurance~e--=-mswoecenaam -

Real estate and rentale~—remmmanmmu.n e
. Hotels; personal and repair service,
excluding duto—~—f—«u~~»»~««~~~»——w~«'

Buslness Serviceseresmmemcmnemmnnmnao—
Automobile ‘repalr and serVLces ~~~~~~~~ '

~Mealca¢; educational services, and non- .
S profit organz¢9t1ou3w~w~«—ﬂw ~~~~~~~~~~~
and servicesgwe--

[0

Gross imports of good

" Other industries=-emmemmoceosemmmonn - oe

MOLB L o oo a0 o oo o 7 0 e 1 0 00 o o o im0 e e o o

swnias oa eo

G e e A, Y W D A e

ad mfoﬁuguu ............. -

né &3 e o9 ee 0% a8 ae &3 @B B8O 2¢&

X

e ae

‘ae 88 50 me wus

2s ce6 A ew

59 o8 <2 ‘oo

¢a- a8 a0 se o8 we

a4 os 56 aw 8% ve 40 o3 9o

~Million of

20, 931"
15,0201v
723

1,037

292
1,269

1,713 -
6& G981 -

2,756
1,534

2,127
2,657

2,348

805
1 L09

2L0
735

T, 73k
1,089

2,522

17,490

‘858
1,376

299

: 1-365'>

2,061

,78 01l

3,181

’ 2,054

2 611

2 008
W

§ I

2,569
1 ,087
1 9?6v
310
823

19,336
1,160
2,862

L7,7h5

2,628

6,033

- 65T
8,276
1,193

376
6,243

dollars;u»~~man_am.

30,249

19,966
31,027

1,829
50L
1,526

2,665
9& 005




. 212 .

bor re qulrﬂﬂénts in selected
(ox s DersOﬂa“ consumption

o

Teble 6,~=Diréct and indirect 1

t
industries %o ﬁrodu F

. Producing Industry c1958 1, 1963 . 1967 . 1970
: } E , : :
 mmmemw=wm-Thousand of Persons Engaged-w----=-
1. Lkvnsn00m and vamstooh ProduChgemmm mm ooy 2,019 1,652 1,350 1,176
2., Other agricultural produchsme—-—wmmmoann ety 17756 1, hOﬁ 1,301 1L 5299~
3. Forestry and fishery products—-w—=w=- v e - 23 23 .26 26
b, Agricultural, ‘Lorezt“y end fishery : S -
 BEIViCEeSmamm—mm e SR S —— e i o i 9. J«36 11—}0 : 13k : 180
7. Coal mininge-r-weeceoe o e et vt b e 29 17 1 17
8. Crude petroleum and natural gage-=--io-i- e Lo 32 27 25
12, Maintenance and repair construction=--wwwe=: 97 98 - 103 - 81
1k, Food and Kindred produchgewmsrwommsmmmmmre o . 1 656 1,580 1,591 l 624
2& - Paper snd allied productsg except con~ s ' o . :
tainerge-r-setnmmmnm e o S P R Y 73 % - 8 9
25. ‘Paperboard conualmers and Hoxes«uw ~~~~~~~ e sy 61 ' T 76
26, Printing and publishinge-sme—ewmmmome e ", 1P8 ~ 133 - CL133 1ko
27, Chemicels and selected chemical productsgs~-« = 70~ €6 : & 78
31. Petroleun refining and related industries--+ 2. 2 17 17
35, Glass and glass productsesmme-ememamna- Sy s L5 5 .. 55
39. Metal coqtalners«vmw-—»«w~»~w~acme«—»~—»m»7: 51 Ll ) L5 he
Ly,  Farm machinery and equipmente~eswa-owommanm : - 10 ' '12 10 9
59, Motor vehicles and equipment-—se=emmmonomon-— . 20 A S 4
£5. - Transportation and warehousing=-—mews- o 667 525 CB02 N (1 'p)
66, Communications; except radio and TV : 4 . SRR : ‘

_ broadcas tlnowumem~uw~~—~m»~~-~»-»m-~~~-=n4:- 76 59 - 64 - 6k
68. Flectric, gas, water and sanitary services-: . 59 5. 50 Ly
69. Wholesale and retail tradessmmmmmmmeroee—ws 3h5069 -~ h,323 0 hy7e1 h 905
70, Finance and iNSULENCE= == imem e mmmm oo m o - 173 60 .. 151 169
T1l. Real.estate and rentalee-=wwww- e 52, . 48 50 - . sk

72. Hotels; personal and repair service, ex- - : o » e b :
0 cluding auto»»m»~~»e~e~«~»«~~e-—~»a—»4-ae~: 67 B CEER 89 .98
T3« Business SErviCes-s-smuemimmommmnemae i ———— 226 312 376 7]
75.  Automobile repair and services--ee-cwesw- s Lo 36 L3 S
77. Medical, educationsl services. and non- .

* . profit organlbatlons---—«-mw»~~~—~w¢s~~—émf L6 Lo L3 L8

- 80, Gross imports of goods and serv1ceb~_ ~~~~~~~ : 0 o 0 - ¢

Other industriesg~-w-- R S - - 772 693 777 810
Pobadmm o mm e e m e s 12,482 11,840 11,965 12,139
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'Tabio 7,M~Inﬁawa. generated in sel Tected indu stries to produce

food for peﬂeonal cons sumption

75.
e

6o,

Autonobile rapair and "ﬂl“/LCPunwnu—~n»
\YCC"’ ’)a-‘., . .

pro&lw OIL\, 1

zlional services, end non-
izatlongreavmceomamcicnn

Gross 1mpo“"s of ﬂﬂol and services----
ey 3mdu° 1eﬂ ~~~~~~~~~~~~~~ o A e -
Mohale e emmm— D S L - o

be e2 dé vs xe

0

haa
188

5,461

76,579

gy

210

655
' 263

:8;331

N o RN P : P : .
“Producing Industyy e 1953. : 1903 : 1907 : 197D
: ‘ ' . ; . . BN a/
e ‘1\ 7 .
$ o e e e kwélklions of dollarge~eesumunn.
1. Tivestock znd 11vetcodk productgemamaa 7935? w 5,250 6&%??
2 Cther Q")‘"J.C..‘ ! uu.l al mrodiac ';_,«-—--—.---w—.‘.,._-m., . 6,77@ ‘8 14-96 ' ’89 55.1.
3. ?Ores‘t-d end T3 ;hery Produchsre-amemau : e27 | ?}*7 361
b, Agriculturzl, forestry and 5 : o | e
. LD e g LTEETIY h.ﬁ.s.m,f.{ ° ; P BRI
it s 45 e s s e e e e e e e e 2 e e b o : ‘2429 31“51 785
,,,,,,,,,,,,,,,,, e i 4 211 C1TL 75
natural gage---w-- ;. 76k L7 182
pair constructione-«- ¢ 1,*6S 95§ l9209
AU S er e e 15,066 17,406 20, 924
ducts, except con- & e
ey s, 672 1,011 7”
25. Paperboard conta Lne:s and DoXes=~==nm-= : k50 610 ‘755
26,  Printing and publishing~-ee-womsocomn -t 795 1,030 298
27, CV“dICalv- nd selecked chenmical Tro- kS : N
uctwmﬁ;__,__,_“M»w_*_'“_;"-“;“m‘;m,““_;‘ . 807,; 1,083 1,4L7 .
29 DPotye m . ' : ‘
s ch.uru.f.c.‘vl-xl 4 . .
' T @6 oo o e s i 2 s e e o o e o . ng )hs 656
35, Glass and o : 389 hs2 €03
- 290 Metal < contai s Loe ol 672 o
)J,).X,, -‘.L Tt ‘ ‘ :‘ 79 ) ,tu 3_0‘8 - oo
59._'N’tcr'veﬂ;\1ggiajdf o229 218 52
65. Transnortation and 1a*cﬁouoﬂn R S - 55085v' h9708"" 5,478
66, Communications; exceot r - Lo ‘ :
: . RE G2 - el enT r .LO d“’lq - ¢ - B} .
N Y bTOaQ“anulnb ........... T T B 779 ,'923 1’211'
68.. Electric water ¥ B - o
6o, ric, gas, water and saQttar . . :
e sprvlcebmnnu ~~~~~~~~ st 2 25 et an S o o e 2 e 0 e - s < 9&1 .Lﬁlhhﬁ l %58'
69, *Wboleqa;e and. r tall trede~»»~~;44-—-e v 20,727 255662) . 3&5?6h,.
“70. TFinance and insuranCe-w=e-somommeon- - 1,228 1,222 1,481
7l. Real estabe and renlelemeeommmmmoex —e 13,157 3, 789. 5,ih6
'2.'~H0uels; personal and repair service, : : N
excludin ing autoseme e mm e - 212 05‘ o 392,
73. Business services-swm---- memmmmnaman b 2,051 2,772 - A.h’263

109,369

a/ A co“canbu liymcénsiéfent,esﬁimate
Tor. 1970 ‘ '

“of inaemefgeneraﬁea'cannaﬁ bejcomgﬁﬁe
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{170 73) increased'its~sharé;of gréss oﬁtput-requir&dito pxoduée food
for PCE from 1.1% to 3.3%. -

It is commonly realized thab expenditures for chemicals (1/0 27)
has been increasing due to increased expenditures for fertilizgrs,
pesticides, and food additives., Indeed, the noﬁinélvdollar output of
1/0 27 (necessary for the production of fpod’for pefsonal'coﬁsumption)
has been gréwing at an average annuéf’raﬁe-of'529%;' Yet ﬁﬁan this rapid
incréaée 5&3 only raised I/0 27’8 share of total‘bugineé§ activity from
a 1958 value of 1.14% to a 1970 value of 1,37%.

We asserted above that the only way to measure labor inﬁut

exhaustively is through the use of I/C. This is true because the

production of food for domestic personal consumption is an economy-

wide process, Farming, food processing, transportation, wholesaling,

and retailing certainly predominate, vet (in 1970) they account for less

than four-fifths of total labor input. The exhaustive measurement of
labor input requires the identification  of the sectoral location of all

economic activity supporting the production of food, which requires the

use of 1/0. -



APPEYDIX

The fundamentai 1dent1ty for 1nput outnut analyQLS is:

3

X=AX+Y R \ R

where A is an nxn matrix of direct requirement|coefficients, X is an .

nxl vectb: of outputs, and ¥ is an nﬁllvéctor %f final deménds.

- For this Study,_AAwas-takeﬁ from the 824indﬁstry’nati§nalll/0 :
modei, aé'notgd above. By taking ¥, thcn as the vector of final derﬁandc
.for‘fdod for péréonai‘consumptlon (avallabie'ln-the soqrces,listed in
vthe fod;noteséto TéB1e 1,) equafiqﬂ 1 éould:be used to-compufe outpuﬁ_
-vreqqireme;ts;ﬁx;‘fof the pfoduction'bf £00d for pér§oné1 conéumption»

Then labor réquiréments’could be easily computed by multiplying each .

o ’. s

‘iihdustfy'sroutpui requirements by its-labor coeffigieﬁt.(labor pér unit
of outputj; 'ii/“ Thié aéproach, héwevef;vtreaté"impérts.gs.tﬁougﬁ théy
wéfe free! It ascrnbes to domestlc labor some. parr cf the prodact1v1ty
of;fofeién-workers; Since 1mported goods are not free, somethlng musL"
be done to account For thelr cost,

’Importg must be considered in‘tﬁo»céﬁtextg Qitﬁ;réspectvfé the way1
in:whi;hxQu: §Qciety_provides fbbdxfo%‘its own.péfsoﬁal,CQnsuﬁptiﬁn;
Somevfood'is directly imporfed, In‘additioﬁ‘to they(réiéti&ely sma11) 

‘ dlrectllmports of food, élmbst'every iﬁduétry in the ecdnomy‘(at the 82-
indus try level of agoregatlon) uses some 1mpor%s dlrectly in 1ts‘pr§m

_duction processess, ‘As po;nted'out above, we assume tngt the“U.S. pays

for its 1mports of goo is by expor ing goods. 12/ ,Thus‘whenbwe compute

11/  For. an 1]lustratxon of this approach see Hazen Gale's article .
TTndustry Output, Labor Input, Value Added “and Productivity," Ag Econo '
Research, Oct., 1968. : : '
12/ This is a perfectly reasonable aqsumptlon in. the ‘long run. It does
however,‘lgnore the fact that the U.S. annual balance of trade could be

>=negat3vea' In that case the U.S., would be paylng for imports with I1.0.U.

sSince thé balance of trade was positive in 1958 ~1963, 1967, and. i9XO tha
aosumption is JuStlled S v . : ' o
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output requirements for the production of food for personal consumption,

we need to adjust it upward to include that outpuﬁ which wés~used in the

production of those exports which were necessary to pay for imports.

- We now turn to an algebraic statemént‘df’ouf'methodqlogy,'

Equation 1 must be altered to make exports endogenous, As a fivst

'step, 1nc}ude exports in equation 1, resultlng in

=AX+Y+Ee{ - o Lo -2,
where E is an nxl vector g1v1ng ‘the average share of. each 1ndubtxy in

one dollar of exports and e ;s a 1x1 matrix of exports. Industry 80

in the 82~industry matrix is an aggregate impprt‘industry.. If we let M

dencte a lxn vector containing the 80th row of the (I - A)fl then total
import requirements will bevM(Y +‘E'e) : Imposition of the.constraint.

that imports are pald for with exports rebults in the condition:

e = M(Y + E e) | e o N o _3:

- which- implies
De = 1 MY ; R N - .
1"ME.. . ; ' . . . “_40

- .Substituting equation 4 into equatioh 2 and solving for X results in:

x;a;Afla4E } 1"ij o -5,

Equatlon 5 may be 81m911f1ed by notlng that 13/

(I+E 1wy - (1-EM) L
1"‘ME . .. '60

'1§/ Equation 6 may be proven by.notinv that ’by a powér,expansion'and,

simplification:

‘d-EM-l=1+51 M+ (E W)l ; (E M)j o |
= T4+ E(QFME + an B2 + M B3 4. . M
C=Taw L w0

1 =ME

Lo
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and, substituting equation 6.into 5 and simplifying

) . . {2{.‘1 ) . . L R . )
Xz(I"A"‘L) 1 . ' 7@
where E is an nxn matrix which has the E vector in its import column -
and zeroes elsewhere.

Let L and V denote two nxn diagonal matrices of labor coefficients

and value added coafficients, respectively, Then labor requirements are

given by the expression L X and income genérated by the expression V X,

Our measure of output per person engaged is:

] OO

u¥Y P

' Y o ‘ .
- u L(I - A - E) Y B, ) 8.
where u is a row vector of units per Pl is the reciprocal of the

jmplicit price index for PCE for food. Equation 8 may be altered to a

more useful form. Let f =-u ¥ be the total nominal dollar PCE for food

f

be an nxl vector showing each industry's direct share of a dollar

bexpenditure for food for persoﬁai consumption. By substitution and.

 Simp1ifi¢ations labor productivity is:

1

Pul(-A-%BT1k | A 9.

~ This indicates clearly that labor productivity depends computationally

on the;compositidn of .final demand (X), the_labor‘coeffiéients (L),
the direct requirements coefficients (A), the composition of foreign

demand for our exports (E), and the price index (P).-
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" As was commented, we re-used the 1967 A matrix\for the 1970

computations though we adjusted it to reflect changes in relative

‘prices between 1970 and 1967. For 1970 the matrics L, P, and E were

computed as for other years. The composition of final demand,was '

kept consténtvggggig_éach of the four components of PCE for-food,‘but

‘K wvaried due to the change in the relative weight of each component.

It will be possible to check whether this procedure was justified when

o .

“the 1972'national_i/0 stﬁdy is published.

Tt might seem that this procedure for 1970 must necessarily .

‘understate productivity growth, That is not true. An industfy may

inputs; - this increaging

2

save on labor by the use of more purchased

1

‘some elements of A but decreasing an element of L. Thus, the bias could

be either way. Intuitively it seems that the procedure is justified if

. 7 o ,u - R ) o . o
(I - A - FE) 1 K has approximately the same Frobenius eigenvalue with

 the 1967 A as with the 1970 A, but that has not been proven. (K is a -

diagonal-matrix cdntéining the elements of K.)

L
-



