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Measuring Labor Productivity: An Econom -wide · 
Study ~f the Production of Food for Per onal,-1;.. ... •1,, ... ~i Ec:;;i;:r,1;ics Ubrn,y . f\5 1 v_,., lV.l U _,___.,.... 

Consumption. 

By \ 

I.. I-ntroduction •. 

Eric C. /Howe, Gerald -E. Schlutlr, 
affil Charles R. Handy-x 

I 
·The. principal purpose of this paper is to report a new· measure of 

labor productivity. for the U.S. productiono.f food for personal con­

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

. component-s. 

· .. The orientation of this study is fundamentally different from the 

i.luL"lii. · Xvst p:;:oduct.ivity stucies ~roceed entirely 01:ong production 

oriented li•nes. Agg;egates are formed based on production oriented 

similarities •. · Such· studies are useful-but sometimes produce results 
. . 

.... -.~ •. ich ,~_.,.,,.€- ...... 1.._"f.t-'lc-u·l .. i--.. to· -.i.'n·tf'!rp·.1.··e.t •. Ai..-p~• a'•q ec<·11(Jll·1·•;c··s 1.·s ,. ·-tu.:, ... •~.i= w. - •• ·- - _ _ __. n,. '- -•:~ . , ... ,. . • . ,·. . . · a i:, • uy 1.,.1. 
. . . 

the allocati<m of scarce resources to· achieve competing ends., Production 

, is not an end; cons ump Hort is. Thus the ultimate test bf the pro-
. . .. 

ductivity of arLeconomy is the i?ffic.iency with which it provides_ 

consumption goods for i.tsel:f. In thiS s'tudy, producers are lfconsidered 

together" because· their output is directly or indirec~ly necessa:ry. to 
. . 

produce· goods ,1hich have consumption oriented similarities. · Specifically, 

:this is .~ study of the !'foo<l system'' of the. economy, where the £cod 

system is defined to include that portion of the activit:ies of every 

in<lu:;try that is riecessary in the process whose end product is the 

deHvery of food for personal consumption. , Following our productivi -
'.· . .. . . 

estim'.B.tes ., we discuss. the contributipn. of selected ,industries to th 

system •. ··· 

* We would like to a.cknowi edge. and thank 
their contributions to trd.s study. 

·~ : . . . ..... ·. ·, . . . . .~ .. · ,I . / .. : . . ,-- , 
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II. Output of th.e Food System. 

' ' 

The process by which the U.S. provides food for itself is 

obviously quite complex. Consequently, it m\:ty be suspected that 
' ' \ " 

any attempt to measure output, labor input, ind hence labor pro-

. i 
ductivity for the food system would be rathetj COI!lplicated. · Whereas 

I 
measurement o,f labor input, and henc.e labor P\roducti vity for the food 

system would be rather complicated. Whereas measurement of labor input 

is indeed difficult, oti:i:' measurement of final output is straight .. 

forward. TI]e final output of the food system was measured by personal 

consumption expenditures for food as reported in.the national income 

and product accounts. It is given there in current and constant 

dollars, and disaggregated into :i.) food purchased for off-premises 

consumption, ii) purchased meals and beverages, iii) food,furn:ished 

government and commercial employees,_ and iv) food produced and consumed 

on farms. 

Table 1 shows, the components of real personal consumption expendi­

tures (P.C.E.) for food for the years 1958, 196~, 1967, and 1970. (The 

choice of years is ~plained in the following section.) Total P.C.E. 

for food has grown at a r.ate approximately twice the rate, of population 

growth •. From 1958 to J970, total U.S. population grew at an annual 

rate of L3% ll whereas real P.C.E. for food grew ~ta _rate of 2.5%. 

-
All components of real P. C.E. for food grew at about the same rate 

except :food produced and CCUSU..'lled on farms ,which declined at ati. 8;Verage 

annual rate of 6 .5%, partially reflecting the decline in farm P?Pulatton. 

ll U.S. Dept. of Commerce, Statistical Abstract of the United States; 
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Table L--Pe:rsom;.l Co11sturrption F:!xpenclitures for Food -in 
Constant (1958) Dollars \ 

\ 
: 1958 y 1963 p) 1 · 1967 sf 1970 9:./ . 

' - 'C, 
--r~ ~7 

:•···=-~ .. ,~~-+tLllions of JL958 Dollars-------=---·· 
Food Pu.rcha.s ed for Off-
P.i:0 er-uises ConsuJ··nption-..:----- 0•--: 58,4ol+ 64,541 74,585 80,297 

Pu.rchased Meals and Beverages- : 15,319 17,613 19,693 20,265 . . 
l"ood Furnished G-overrm1ent &'1.d : 

. , Coram(a>d.al Employee~----------: 1,2h3 1,169 i,681+ 1,694 

Food Produced and Consumed. on . . 
Fanns----~· .. ---1=---~----==-----: 1,i~10 825 623 630 

Food for Personal Consumption-: '76 ':q::: 
l "''.J· V 

81, , 1,o_ ..,.._,_,.1.. ~;-v 96 6Ac ll V,) 
.,,,.,,., Ol,t.'.' 
.i.vc:.,u...-v 

" : ,.,_,...,..__,,~ 

U.S. Dept. of Com:merce, 11 Personal Consunr_ption J::;>.':-penditm~es in the 1958 
· Input~-output St11dy, 11 Sur-..reY. of Cv.:rrent Business, Oct;., 1965. 

. . EJ lT,Si. .. I}eyt., of· -c·-om.m,erce, nPersona.l Conrrumption Ex'}?cnd:J .. ttrt~es in the 1·963 
Input-output Study,u Su.rv,:w of Current Bu.siness, Jan., 1971. 

U.S. Dept. of Cornme:r•ce, 11 Input'-'Output Struct-l.U'e of; the U.S~ Economy: 
196·7, n Surve-s of' Curr~.n~ Business, :web., 1974. 

W. U.S. Dept .• of Co1mnerce, nu.s. National Income and Product Accounts, 11 

Survey of Current Business, July, 1972. 

The deflator for each component is the U.S. De:Partment of Commerce 
:tmpltcit price defla;to:r for that component a,s published in Table 8~6 
of "the a...nnual "National Income Issue 11 of' the· sur\rey of' current 
1:,,.1siness. J. 
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III. · Labor Input in the Food System. 

To measure labor input, we must iltrack do•,m11 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 prctducing the direc.t inputs, 

etc. It will be argued below that the only way to measure_ labor inpuf. 

this exhaustively is through the use of national input-output tables. 

For the interested reader, an algebraic state,-nent of our methodology is 

included as an appendix. Suffice it to say that the information available 

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. 

national I/0 tables are available: 1958, 1963, 1967 0 1/ Laber productivity 

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

implications of the re-use o·f the 1967 m:atrix are not intuitive and can 

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

'}j The idea of measuring productivity with the use of I/0 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 Hpplications of I/0 to productivity is 
contained in a paper by !-Iowe and Handy ("Inventory and Critique of Pro­
ductivity Estimates in the Food Fiber Sector," American Journal of Agri­
cultural Ecoaomics, Dec. 1975). Our specific methodology differs from 
all precursors. 
1__/ The 82-indus try current transactions tables ,;;,ere· used in each year. 
Since the current trans.actions tables do not- include. capital flows, the 
labor require,.c1.ents shown below do not include the labor required in the 
capital goods industries (except for labor necessary to prbduce spare 
parts·for maintenance). A useful extension of· thi~ study would be to 
compute these additional labor r@quirements. 
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The total direct and indirect labor requirements are show.."l in 

Table 2. Since our direct labor requirements coefficients (the diagonal 

entries in the matrix L in the appendix) were \compvted as the number 

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

thousands of civilian employees engaged, !!_I the total labor required 
l 

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

labor force grew 1. 66 % anµually 1/, which implies that a decreasing share 

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

population. Labor required to produce purchased meals and beverages 

has increasedgradually and labor required for food produced and consumed 

on farms has declined markedly. 

IV. Labor Productivity in Producing Food for 
Personal Consumption. 

We measure labor productivity as the level of personal consumption 

· expend.ituces per person engaged in. the food syst£m. This measure is 

shown in Table 3. Note that labor productivity varies widely 'with the 

~ype of consumption and that th'is djspersfon is increasing in ma~nitude. 
~ ··. -

The highest value of productivity in 1958 was $6,161 (for food for· off--

premises consumption) and the lowest was $5,341 (for food. produced and , 
'1£,vt.,t-~ 1> 't(;.... ~(.-~ 

consumed on farms); a difference of 15%. By 1970 ~heJt.~~<:;1;1.l!,~s 
"\ . 

grown to'35· %: productivity was highest for food furnished government and 

commercial employees,.at $9,736, and lowest for. purchased meaJ.s and 

beverages, at $7,199. 

f:.i:._/ The labor data is taken from Bureau of Labor Statistics worksheets on 
total civilian employment by i11dustry. 
'}j U.S. Dept. of Commerce, Statistical Abstract of the United States. 
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Table 2. -,.--Total Direct ancJ Ind:t:cect Labor· Requirements to ~Produce 
Food For Pexsonal Consumption. 

1958 1963 1970 
----------------,--------~-

1.. 

2. 
3. 

4. 

5. 

J_(\ 

2. 
3. 

4. 

.---·--·-·-'.I'housands of' Pe:r-sons Engaged------~---~ 

Food Purchased :for Off- •· 
:P-.cemiscs ConsuJnption---..: ______ : 9 ,4-80 8,805 8,900 9, O'T? 
Purchased l),ieals and Beve:ca.ges-: r. r-"")C' 

C:$).)0 2,71;7 2,778 2,81.5 
Food Au~ni shed G-0veTn1nent a.nd : 
Commercial Employees-----·-----: 202 l76 203 174 
Food Produc:ed and Consumed on : 
F'a:rms- - ---- - - --- --· ---- - -- --··· -- • 20~ 11~5 85 73 

. 
Food for personal consumption-: 12,l-1-82 , 1 81Lh .L , , -, ' u,965 12,139 

Table 3.-.. output per Person Engaged in the Production of. Food for Personal 
Consmnptio:n 

1958 1963 1967 1970 

:-----------·-----~-1958 Dollars--------·-----~----

Food Purchased for Off- . 
Premises Consu.rrrption---·-------·: 
Purchased Meal and Beverages--. 
Food Furnished Government and· 
Com,rne:rcial B:n:ployees----------; 
Food Produced ancl Consu.rned on : 
Farms-- -- --~·- --- - -- - ----- -- - -- : 

·6,161 
6,041 

6,153 

5,341 

7,330 
6,483 

8,380 
7,089 

:8,81.16 
7,199 

5. F'ood for Per·sonal Consumption-: 

6,61+2 

5.,690 

7,105 

8,296 

7,329. 

8,o81 

9,736 

8,630 

8,472 
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\_.,./ (_/\ __ _ 

This growing dispersion reflects differing rates of productivity 

growth, which is evident from exar'\d.ning ·Table 4. Growth in labor pro-

ductivi ty for the production of food for persohal c.onsumption 

2.75% annually, 1958-1970. The growth rate wa~ not constant, 

averaged 

however. 

I • 
Productivity grew rapidly during 1958-1967 and 

1
slowed during 1967-1970. !i,/ 
\ 

The results shown in Table 4 verify co-nventional wisdom in several 

respects. The general slowdown in the rate of productivity advance 

dur1-ng the late sixties has been noted before and is reflected in the 

aggregate shov.711 in the bottom line of Table 4. Conventional wisdom 

further suggests that productivity advance would be lowest for purchased 

r;ieals and beverages (due to its service--oriented nature) which is sec.n 

to be true. Also, the 1958-:1970 growth in.productivity is higher for 

food produced and consumed on farms than for food purchased 'for off­

premises consumption. Because the former ca,tegory consists of foods which 

require little transportation or marketing service, this means, in essence, 

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

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

ind us tries.) Jj 

· !:}_/ As noted above, the 1970 productivity estimate was made using the 1967 
direct r~quirements 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/0 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 possible to check whether the slow~do1-,,u was real when the 1972 
national I/0 study becomes available, 
7/ A word of caution is in order here. The 1/0methodology assumes that 
the slaughtering of livestock consumed on far.ms is done in I/0 industry 14 
(food-processing). Thus some of the productivity advance shown for food 
produced and consumed on farms may be attrib1,1table to I/0 ll •• 
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Table. 4.--Growth in Labor Productivity,·· Averag~ Annual Growth Rates. 
,,, 

·1958 - 1963 1967 1958 ', : : : : 
a..1963 • -1967 : --1970 -1970 '., ' ·-:··.• . . . 

:---------------,---_----Percent----"'."-,;.·--'"'.--------.---:-

1. 

2. 

3. 

. ' . 
Food Purchased for Of'f=P-rernises 
Consunr_pti~n------·-:--:--... --- ......... ,...,.,:--: 

Purchased Meals .and Bev:erages-..;-'.c'."": 
·... . ,• . . . , . . 

food Furnished Governn1ent and 
commercial Employees-..:. .. .:.,.. ____ .,_..; __ : 

. 
Food Produced and Consumed on : . 
.Farms---:•·-·---~------·'."-""------------.--.:· 

5. Food for Personal Consumption-::-- .. -: 

3.5,1+ 

1.42 

1~27 , .•· 

: · · 3~03 
··:- : 

,/ 

' ' 

'"'·4o . 
.) •. '' 

,2.26 

5.71 

3.27 ,' 

1.81 

.51 

5.48 

5 .. 60 · 

1.59 

3.o6 

I. 
3.90 

. li-.08 

2.75 

.••• -~-- , .• •- ... : .-· ~ ... _--,sF· .,. .•..• -- · . ..,.._ 
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While a number o~ provocative fluctuations in the .rate of pro­

ductivity advance can be seen by examining the three subperiods shown in 

Table 4, relating these changes to specific technological innovations and 

J:ft~ ·to sh~fting .input mixes, is ·beyond the· sc.ope ·of thi~ .. stt.1:dY.i. 

V. The Food System. 

In this section we make our c.oncept:ion of the .food system more 

I 
concrete and support our assertion that oniy by using I/0 may productivity 

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

produces food for personal consumption is ·q1,1ite complex, as will now be 

established by showing the levels•at which 28 selected industries 

participate in the food system. §J We show participation in. three ways. 

·Table 5 shows the gross output required from each of the 28 industries ;..:..-·· 

for the economy to produce food :for personal consumption. Tables 6 a11d 7 

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

of the 28 industries to produce the output shown in Table 5. Table 7 

shows the income generated (or value add-ed) in each of the selected 

industries. Thus, each entry inTa~le 7 is .. the output shown in Table 5 

minus purchases of intermediate prod1.ctcts. 2,/ 

8/ Generally we selected the 28 -industries whos-e_,participation was largest. 
However~· some smaller industries were included when they seemed of particular· 
interest. 
9/ More productivity measures would result from deflating each entry in · 
Table 7- and dividing by the corresponding entry in Table 6. .This was not 
done for lack pf .apprC>priate price deflators. Ii1 addition, the measure 
would fa.ctor ,to a ratio of the dir•ect emplO}'"Illent requirements per dollar 
of real income retained, ignoring indirect employment requirements, and 
thus not· conforming to the appr6ach to .p:roductivi ty taken in this paper. 
Using these additional productivity numbe:r.s,.we·might seemingly measure the: 
contribution of each industry to the overall increase i.n productivity shown 
above, but the theoretical basis for such an analysis would have to be 
developed, At best, the numbers wouid have little significance by tl:'i.emselves. 
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Tables 5, 6, and 7 present some interesting numbers. For one 

thing, the farming industries r participation :i;n the food system is 

dwa,.-fed by the other industries. For examh7le,/ in 1967 the production 

of food for personal consumption generated $253 billion of total business 

activity but only $4-2 billion (17%) is output from the agricultural 

industries (I/0 industries 1 ·and 2). SimHarly the ag:ricultural industries ' 

retain only 1!+% of the income generated. One implication of these 

results is that the price which consumers pay for food is relatively 

insensitive t:o factor conpensation in agriculture. 10/ The livestock 

and livestock products industry required 2.02 million workers 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 food processing (I/O ll+) contributed 31% of total business 

activity required to produce food for personal consumption in 1967, i.ts 
\ 

proportion of total value added (19%) and total labor requir.ements (13%) 

was much smaller. 

Conversely, wholesale and retail trade has the highest labor require­

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

of val.ue added (32%), but accounts for a much smaller proportion of t.c,tal 

business activity (19%). 

Both the trade and service industries are expanding.in importance 

with:!.n the food system. Wholesale and ret.:::il 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 40.1+%. Business services 

10/ From 1972 to 1973 factor compensation in farn1ing rose by 60% while 
the implicit price deflator for PCE for food rose by .13% (Survey of Current 
Business, J-uly, 1974), a _ratio consistent with our results. 
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'l'able 5.-.;Gross output need.ed f'rom selected :i.ndustries to , 
· . · prdduce food fo.r · })ersopa.l consumption •.. 

Producing Industry 
. ·•. .. 

.. 
195$. ··: 

.. 
1963 ..... 

. 
. .. 

. .. . 1970 
., 

! .. --,-----.,..---.;,Mflli91+ of dollars.:. _____ _: ____ _ 

· · · L, Livestock and livestock products------,~ 
.2. Other a.gricultu;ral produ~ts---------.. - : 

. 3. Forestry and fishery products .. --------
1~. · Agricultural, forestry a.nd fishery .. 

7 .. 
8. 

12. 
14. 
24. 

25. 
26. 

-0'7 
c:. I • 

. 31. 

s er:vices"".--- ... ,.. __ --- - - - - ---- -- ------ - .., - .... Coal mining--:.. .. ____ .,. ___ ,.. ___ ~.; ____ ,.; _____ : 

Crude petroleum and natural gas------- · 
· Maintenance and>::repai:r const:r.uctio11.---
Food and Y.indred ·products------------­
Pa:p~r fu'1d aliied products; exce]?t con- . 
ta.iners---,--,.. -·-----..: .. _ .. --------- ----···-- :· .. 

Paperboard containers and boxes-------
P.cinting and :publishing-~_, _____ ..;. ___ .,._~ 
Chemicals and selected chemica.lpro-

ducts_-- .... -:-~---- ..... -·-'!'-.-~--:-----------~------ : 
Petroleum refining.and :related indus-
tries~------ ~------~~----- _____ , __ : 

35 •. · Glass and glass :products--------------..: · 
39. Metal -containers----..:.., __________________ _ 
44 •.. · :E'a.rm machinery' ancf equitllner:d;',..~~------- : · 
59. Motor v.eh1.cles and •equipment---------~ . 

. 65. ·. Trans:por~ation a.."'ld warehousing---------· : 
66. _Comrr..u.,.'1ications; except radio and ·. • · 

· TV broadcasti•ng----------------------- . : 
Electric, gas,: water and sanitary · 

servic.es----·.,..-----'...-..:.---------·-·------
69. Wholesa,le and retail trade----.,-------..; • · 
70 •. · Finance e.nd insurance;...,. _____ ..; ________ .,. ___ .· 

71. Real estate and rental .. -- .. ----------.. - . 
·72 •.. ·. Hotels; ]?ers_onal and repair service, 

. excluding auto--".'"-.,. .. -----;;. ___ ..,"."_______ • 
73. Business services"'.";...:.. ________ ~----,-.----- : 
75. Automobile reuair and services-------- • 

. 77. , Medical, educ~t~.on~ services, . and. non ... ' 
.. :profit ·organiz.ationS·--·-----•---------- · 

80. Gross·imports of goods and services-~--·· 
. . . : 

Other ind:ustz~-ies-~-------~~-.. -----~•----~~ .... --- .. •· . . 
Tota.1-----·-- .. -----·--.--.:.----~,-----..: ______ ., : . . .. . 

... ( 

21,465 
13,406 

' 
1 

581 

i,991 
·362 

L,21~3 
-1 902 

; ·.· ,, ... .,,,,. 

c;9 03b .,, , . . 

1,933· 
1,20~. 
1~68 

D 001 c-,. ,,! ... 

.. 2,096 
· .701 
1~466 

220 
789 

.. 8.;.422 

<915 

1,927 
28,609 
2,192 
4,363 

348 -
4,h71 

817 

276 

.. 5,048. 

14;455 .· 

183,042 .· 

20,931 24,,522 ·. 30,249 
1.::: ,e20 17,490 19,968 ,.,,o : 

723 . 858 1,021 

1,037 1,376 .1,829 
··292 299 501 

1. 269 1,365 1,526 , . 

. T;7'13 ·. 2,o61 2,665 
64,981: 78~011 94,005 

2;156 3,181 3,712 
1,534 2,054 2,391 
2,127 · 2,611 3,110 

2,657 ~ 00A _,., /'-':--" l1: 194 , .. 
2,348 2,569 .. 2,761 

825 1;os1 l,39~ 
1,499 1,926 2,33 .· 

240 310 .. 346 
735 823 1,019 

7,734 9,336 11,156 

1,,089 1,460 1,646 

2,445 2,862 3,278 
36,358 47,745 ·. 57,821 
2,220 2,628 3,545 
5,161. 6,933 8,~-65 

462 657 8o8 
5,673 8,276 10,181 

·840 1,193 1,504 

300 376 509 · 
5,245 .• 6,243 ·7 457 ' . 

15;876 21,290 .25,555 

· 204·,690 253,47,0 
'• ·. 304,882 

I. 
-~~ 



1. 
2. 
3. 
4. 

7. 
8. 

12. 
14. 
24. 

25. 
26. 
27. 
31. 
35. 
39. 
l+LJ .• 
59. 
65. .,,.,,. 
Ob. 

68.' 
69. 
70. 
71.; 
72. 

73 .. 
75. 
77. .. 
80. 

., 12 .•• 

'.I:a·ole 6, ---D:Lreet a,nd indirect 1abq:r requireiuents :'Ln selected 
inclustrieS to p1~octuce_ for p-e1-isonaJ_ c_ot1s:w:nptior1 

'1963 1970 

-:, :e·-------Thousand of Persons Engaged··-·---~" 

Livestock and livestoc}.: p:coducts------~---~: 
Other agr:Lcl1ltural products"'."-----"'."··-----··-~~: 
Forest:ry and fishery p:coducts-.--·---=-'---·~--: 
Ag:i'1cult1.tral-, :Corest.:ry~ a.11d f'ishG1:'J 

services------ •-------~· •--~--· •· "•-, • · .· -·. 
Coal mining-- 7 ---------~------;;.. __________ .,.~·~·: 

Crude :petroleum and natuxal gas~:"'.=·--,;.., ___ _,..,: 
Maintenance and re}Jair cor1struction.,...-·-··--""-: 
Food and K:Lndred :products---=--------·----•=-.: 
Paper and a11:led products, except con ... 
taincrs--- -- --- .- -- · ---- - ----- -- -: 

Paperboard containers and boxes----------.,,~-: 
l~inting and publishing--------------------"": 
Chemicals and selectea chemical p1~oclucts•·--. 
Petroleum refining and rela"te!l industries-"-":' 
Glass and glass :products.,...,,.,. _____ ;.,;;..,,c. ________ : 

!~eta,l con!aine:r.s-- -- --:-----·-· .. "•-=----------,_;1 : 
1<a.:r1n machinery and equipmen;t---~---~~---- .. ~-: 

.Motor vehicles and eq_uipment----,,-oa.---------: 
Tr·an.sportELtiori Citnd ~ra1~el~1Q~t1si:ng- ----~--- -~.,,~ .. _,"'~': 
Com.mmdcations; (~Xcept radio and 'J.'V 
broadcasting---.,.-------~~~--~--------~---~: 

FJ.ectric, gas; water ,md sanitary services-: 
Wholesale and retail trade--------•--=~·------: 
Finance and ihs11.r.ance---- ... ---··------------~-: 
Real. estate and rental------····--_..,. ________ ~--: 
Hotels; :rrersonal ahd repair service, ex-

cluding auto-• - -- -- --,.- --- -- •· - -'.· - - -- -- .. _ -- -·~ : 
Business services••--------'--···'"~·---------~·----: 
Automobile repair B,nd services----,,..·--·~---.,;--: 
Medic8,l, educational services. and non-. : 
prof'J.t organizations-------·:.:--~·""-.'."'.--··-··--~--: 

Gross imports o:f' goods and. services-- ... -~- .. -: 

Total -----=-••----·· · --•·•=-~----- _ .. --~---. 

2,019 
17756 

23 

136 
29 
l~O 

·9'7 
~,656 

73 
54 

128 
'70 
26 
·~l5 
51 
10 
20 

66.~7 

76 
59 

·4-;o69 
173 

52 

67 
226 
42 

46 
0 

772 

12,482 

1,652 
· 1 lo-_; , +,;,,; 

23 

140 
17 
32 
98 

1,580 

90 
61 

133 
66 
20 
~-5 
4.4 

9 
1~-

,525 

~a ) _,, 

51 
4,323 

160 
48 

78 
312 
36 

42 
0 

693 

11;841+ 

1,390 1,176 
1,301 1,299; 

26 26-

131e 180 
14 17 
27 25 

103 81 
1,591 1,624 

88 90 
73 76 

133 140 
Qr, ,..,o 
,J,;._ I\.}. 
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50 55 
45 l.l6 
10 9 
1r.; . _, 17 

t::(1:::) 
~ V~- h90 

64 64 
50 4B 

l+,721 l+,905 
151 169 

50 54 

89 98 
376 452 

Lj ,, 
·.) 45 

43 48 
0 0 

7'7'7 It 810 

11,965 12,139 
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~:a,ble 7 ~-··•Income gene:::-ated in selected industries to :9roduce 
f'ood for person.al cor;surrrption 

1958 1963 

l 

' -

1970 
aJ _.,, 

· ----------l--}.:.; 1 J tons . \ . ~- .. . of dollars---··------· 

J~tvesto12k. 2.;nd li\testoCk·. prodttcts .... -----
Of,hp-yi. ") c•·r"•: c·, "'\ i 4--. ~~· ... r- ·:. -,..·~ .... ,1-t-.., __ , .. ..,.. c,,..:i .. .J_ ...... _vul. d,_. .J..:'-:... 00 1.,,t:.....,.. ;;;:;,------------

Forettry £nd fisbe~y products--------­
P~e:r:i.ctll:tur2.J .. , · ~f01-T,e;3_·t;1~:t and :fisb.er'J' 

~PY·vj "'~"- ----··-- - --·· --- ______ ·----··--· .• 
Coo.i rnit1i:1.J- ...... ______ ...., .. ,,.._..,.. - ,.,.. .... ---- ___ -----~-
Crude petY'ole1_:_,:'! arid na~ura,l gas------ ... ,. 

. I-Saint.E!1ar1ce a~--id ·rEJ_)ri~r constrllction--•~ 
q li100<1 a.nrl }~ir1d1~ed proc1.u.cts-- ... ,-------~~---.­
Pap?r and al}_ie6, products, excegt con-
ta,ne~r-------- ---------~----- ____ _ 

~2.perboa1--d canta~in~1~8: a11Q. bo:{es----·--~ .... 
P.ri.r1ting a.11d pu["ilisf1inG;- - -- --~~ ~- --.-·~-= 
( ,.,., ~,.,,~ r- ~ l , · ' ~ · i ' -- h • .,,-._:.t:;_~1..-.t..,._ct...._s· 2.pa se ct~c.:.0~~. C .. .1.ert:.caJ ... 'DT·J-

d:ucts~ · --··--------··------ ·-----···-. ____ _ 
Petro1e.u::1 .rsfining and :relat<c:d ind1is-

kr~ ev . 
~ A 0- - --------------.N-- --------

G·la~:;s a;µ~ slass ,r;rc11-1ct~------·"---•--•4=-­
Metal containers- -- - - - ----- -- -·--- -•-'----
Fa.r~n G:.Sc}d~1e.)?~:.z:.·b,:_nd ,..,-0;, 1 ,~v:-~~r~t"",·j. ___ -----

. . .., .,_, .. , . . 

vro·toi< \reb.icJ __ (:3-' c.nd ecrl1:i·o~r:1.ent--- ........... __ .~--
T ..,.'"j;!'lnr•"Y"1- .. :.,,1-..:::, t---; ; · d .,..,;,-.. : · 

-......c; ... t_,.,:_ .. v1 ,..,c,..L,., ..... C)n an, .vc,,._re.noris:.Lnf-1------.,~--~ 
Corn;r:unications,; exce:.9t radio ;nd · 

'i:V broadcast.ing'.""- _________________ .. _.,_ 

Elcct~ic, gas, w2.ter e.:'ld sa:1:Ltary 

SPr•1c 0 s--- -------------------------
Wholesc-1e a11d retail t:;:~de----·--.,;··----
Fi:-1ance e.nd insu:;:ance--------··--- ----­
Real estate o.nd ren-~a.1-------··•---.----­
HOteis_; personal ar-1d 1"'cpai1'1 •ser1,,j_c e, 
·exclud:i'rig aut.t)- --- - .. ~ - ------- _, -- - - - --· _: .. __ 

Business· cervices---------------- .. -----
1\1.1t,c,t1obi].e. rep·air. and se1~·•vices--·------
';, 11 e .:r ') ..., " "": - -i - - t :". .,., ... ,. .. l:;. ·<.:""..t.,1...e-.....L, c~i.(.u;,:::._ J..9na1:.. ~eT·v:ices, e .. net 11on.-

})rofi t cix·c0.nizations- ---·· ----- - -- -·· .. ---­
Gross :i.Jnports of goods and services----

· O'c.her :industries--"--•·-·'"'-----.:.----~-----

Total--------------.:.~----·--~--~------

. .. 

; . 

7,359 
6,77~ 

227 

1+29 
211 
764 

l,l65 
15,066 

672 
450 
795 

807 

1ic20 

389 
492. 

79 
-229 

5;o85 

779 

941 
20Jl727 
1,228 
3,157 

212 
2,051 

422 

188 
0 

5,461 

76,579 

I 
! 

5,250 
8,496 

247 

341 
171 
717 
963 

17,406 

1,011 
610 

1,030 

1,083. 

548 
452 
512 

70 
f .,/ 

218 
4 708 ,. I 

923 

1,144 
26.662 , 

1,222 
3,789 

295 
2,772 

1+97 

210 
0 

6,349 

87 70° I ,. (-. 

6, 1_~72 
8,551 

361. 

785 
175 
782 

1,209 
20,924 

1,1T( 

755 
J. "'90 .,c:· u 

656 
603 
672 

252 
5~1~78 

1,211 

1 1 358. 
31.~, 56l1-

1,1~81 
5,146 

392 
l~,263 

655 

263 
0 

8,331 

109,369 

-,--, "------------------------·-----·...----..,.-----:-'."-:-::----:--::--,.---,----,-------;:_____. 
!!) A conceptu~.l.l:'{ consisteni~ esti.'nai;e ·or :i..ncome · genera.too ca.nnot he computen 

for 1970 



.(IiO 73) increased its share of gross output requir1c.:d to produce food 

for PCE from L 1% to 3. 3~{. 

It is commonly realized th_ai:: expenditures for chern.ic.als (I/0 27) 

has been increasing due to increased expenditures for fertilizers, 

pesticides, and food additives. · Indeed, the nominal dollar output of 

I/0 27 (necessary for the production of food for personal consumption) 

has been growing at an average annual' rate of 5,9%. Yet even this rapid 

increase has only raised IiO 27's share of total business activity from 

a 1958 value of 1. ll;% to a 1970 value of 1. 37%. 

We asserted above that the only way to measure labor input 

exhaustively is through the use of I/0. 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, yet (in 1970) they account for less 

than rour-fifths of total labor input. The exhaustive measurement of 

labor input requires the ide~tification·of the sectoral location of all 

economic activity supporting the production of food, which requires the 

use of 1/0. 

. i 
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AJ!PENDIX 

The fundamental identity for input-output analysis is: 

X.==AX+Y \ 1. 

where A is an nxn matrix of direct requi.ren.1ent\ coeffici.ents, X is an 
I 
I 

nxl vector of outputs, and Y is an n.xl vector $f final demands. 
I 
I 

For this study, A was taken from the 82-~ndustry national I/0 

model, as noted above" By taking Y, then, as the vector· of final de.."llands 

for food for personal consumption (available in the sources listed in 

the footnotes to Table 1,) equati1bn 1 could be used to compute output 
. . . 

requirements, X, for the production of food for personal consumption~ 

Then labor requirements Could be easily computed by multiplying each· 

·industry's output requirements by its labor coefficient (labor per unit 

of output). 11/ This approach, however, treats imports as though tli.ey 

were free! It ascribes to domestic la.bor s9me part of the productivity 

of foreign workers. Since imported goods are not free, something must 

be done to account-for their cost. 

Imports must be considered in two contexts with respect to the way 

in which our society provides food for its m,m personal consumption. 

Some food is directly imported. In addition to the (relatively small) 

direct imports of food, almost every industry in the economy (at the 82-
I 

industry level aggregation) 
\ 

directly its of uses some imports in pro-
I 

duction processess. As pointed out above, we assume that the U.S. pays 

for its imports of goods by exporting goods •. 1y Thus when we compute 

11/ For an illustration of this approach, see Hazen Gale's article 
ii:fndus try Output, Labor Input, Value Added, a,nd Productivity," Ag. Econ. 
Research, Oct., 1968. 
12/ This is a perfectly reasonable assumption in.the long run. It does 
however, ignore the fact that the U,S. annual balance of trade could be 
negat:i.ve, In that case the U.S. would be paying for impoX'ts with I.O.U. 's. 

1Since the balance of trade was positive in 1958, · 1963, 1967, and 1970 the 
assumption is justified. · ' 
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output requirements for the product:Lon of food for personal consumption, 

we need to adjust it upward to ir1clude that output which was used in the 

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

We now .tu:r:n to an algebraic statement of our methodology. 

Equation 1 must be altered to make exports endogenous. As a first 

step, include exports in equation 1, resulting in 

i • 

X==AX+Y+Ee 2. 

where Eis an nxl vector giving the average share of.each industry in 

one dollar·of exports and e :i.s a lxl matrix of exports. Industry 80 

in the 82-industry matrix is an aggregate import industry. If we let M 

denote a lxn vector cont:aining the 80th row of the (I - A)-.1 then total 

import requirements will be M(Y +Ee). Imposition of the constraint 

that imports are paid for with exports results in the condition: 

e = M(Y + E e) 3. 

which· implies 

e = 1 MY ----1 ME· 4. 

_Substituting equation 4 into equation 2·and solving for X results in: 

X = (I A)-l (I+ E 1 M)Y. 
1 M E 

Equation 5 may be simplified by noting that QI · 

(I+ E · 1 M) = (I - EM) -l 
1 M E 6. 

13/ Equation 6 may be proven by noting that, by a power expansion and. 
simpHfication: 

(I -· E M -l -- I + E H +. (E. M) 2 + (E j\'l) 3 + 

-· 1 + E(l + M E + (H E) 2 + (H E) 3 +, . 
- I + r~ 1 M 

1 = 1:'l r :, . 
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• 
~ 1.7 .• 

and, substitut:i..ng equation 6. into 5 and simplifying 

X = ( I - A - ~)-l Y 7. 

where Eis an nxn matrix which has the E' vector in its import column 

and zeroes elsewhere. 

Let L and V denote two n.xn diagonal mc1.trices · of labor coefficients 

and value added coc~fficients, respectively! Then labor requirements are 
i. 

given by the expression L X and income generated by the expression V X. 

Our measure of output per perscn engaged is: 

....:1 uYF 
,.,,, -1 

u L(I - A - E) Y 

where u is a row vector of units per p-l is the reciprocal of the 

8. 

:impHd.t price index fo:i:' PCE for food~ Equation 8 may be altered to .a 

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

and let K = Y 1 
f 

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

expenditure for food for personal consumption. By substitution and 

simplification) labor productivity is; 

1 

P . L(T A ~)~ 1K· u - - - .r.. " 9. 

This indicates clearly that labor productivity depends computationally-

on the.composition of .final demand (K), the labor coefficients (L),, 

the direct r~q1.1iremerits coefficients (A), the composition of foreign 
t1_J 

demand for our exports (E), and the price index (P) .. 
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As was commented, we re-11sed the 1967 A matrix for the 1970 · 

computc;1.tion.s though ,-te adjusted :i.t 

"prices between 1970 and .1967. For 

to reflect ~hanges in relative 

I 
1970 .thematrics L, P, and E were 

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

kept constant wi:tl~in each of the four components of. PCE for ·food, but 

K varied due to the change in the r_elative we~ght of each cornponent. 

It will be poss:ible to check whether this procedure was justified when 

the 1972 national I/0 study is published. 

·It might seem that this procedure for 1970 must necessarily 

·understate productivity growth. That,is not true. An industry may 

s~ve on labor by the use. of more p;-1.rt.:h':l.sed inp1.1ts; this fnc:re8sine; 

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

be either way_. Intuitively it seems that the procedure is j°i..istified if 

. ( 'V, -1 .... ~.. .. . . . . . . . 
L 1 - A - E1 K nas 8.pp:i::ox;i..mately the same Frobeutus eigenvalm~ with 

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

¢1.iagonal matrix cbntaining the elements of K.} 

/ 


