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A major responsibility of The .Economic Research Service has been to 
. . . . . . 

monitol:" and evaluate the performance of the segments. of the U.S. food · 

. •··. · and fiber system •. Due to. increasing ·interdependence among the various 

· segments of the sector, the agricultural economics profession is giving 

. greater emphasis to developing consistent economic acco~ts and perform~ . 
. . 

ance measures across the entire food and fiber sector~ For example, a. 

· · session at the 1974 AAFA summer meetings was . devoted to · examining strains 

~- our current· data system.and suggesting improvements. · One pa.per .la.id. 

out the conceptual foundation· for an expanded economic accounting system 

that would consistently monitor pi-oduct flows,.ca.pital·flows, and capital 

stocks across all segments of the food and fiber sector (Carlin and 

Handy). · The need for an improved economic accounting system carries over . 

to individual· :performance measures. Most empirical studies of performance 

are conducted at the firm or industry level of aggi:-egation. Seldom have 

our conceptual techtdques . or available data allowed researchers to 

monitor performance for the entire food and fiber sector. 

As part of an effort to improve :performance measures, ERS is expand­

ing its research program for measuring and evaluating the efficiency of 

resource use in the production and marketing of food and fi'ber products. 

Plans include expanding productivit-J measures to industries not :presently 

covered and to ultimately develop a productivity measure covering total 

outputs and inputs of the entire sector. 

· The purpose of this paper is~to explore alternative methods for 

developing a total factor productivity measurement system for the food· 

and fiber sector. Such a measure 'lfOuld allow us to monitor changes in 
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the efi'iciency with which the· sector. utilizes inputs in proq.ucing food · 

and fil:>er for final demand. 

Defining the Sector 

· Lacit of an operational definition of the food and fiber sector has 

hindered the development. of sector performance measures. . The profession 

•· seems to be converging on a general conceptual definition of the sector 

as inc1uding the fa.rm inputs subsector, the agriculture subsector, a.nd 

the product market subsector which includes processing., wholesaling, and 

retailing (USDA, Upchurch; Carlin and Handy; Walters). While this def­

inition helps to identify the broad parameters of the sector, it has not 

· been a pa.rtictil.a.rly useful. guide for e:ipirical studies which must determine 

which establishments, industries or :parts of industries are or not included 

in the sector. The easiest method would be to define certain industries 

as in the sector on the basis of direct sales to or :purchases from agrictil.­

ture; for example, the work U."lderway by an ERS task force headed by 

Conrad Fritsch. However, this approach ignores indirect effects, which 

can be pronounced. For example, agriculture does not :purchase products 

directly from either the crude :petroleum and natural gas or the primary 

iron and steel manufacturing industries. However, a $1 increase in final 

demand for agriculture causes an :µicrease in demand of 2rf. for the former 

and 1~ :for the latter (USDA). Certainly a sector defi..,ition which is to be 

used for productivity analysis is suspect if' it implies that these two 

industries are entirely outside of the food and fiber system 

me.rely because· agriculture does-not· purchase from the:i directly. No 

single de:finition of the sector will be suitable for all research 

and :policy objectives. ( In fact,_ a realistic definition rrn.:st 
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.. cbangP. over time.} Nevertheless, a comprehensive definition using con­

sistent descriptors and data sources would allow individual. researchers 

to· develop different configurations of industries to meet individUal 

research needs. 

· ~e remainder o:f the paper wilJ. si.lrVey existing productivity 

•. Jlle&S'W:'es anp. assess their potential use ill develop,ing a total £actor 

productivity series :for the food and fiber sector. We then evaluate and 

com.pare two alternative methods for constructing such a. productivity. 

series. :Finally, we suggest which methodology, a.t this stage, seem: moat 

promising for achieving our objective;. 

Applicability . of Existing Measures 

To wat extent can existing enI!)irical studies be aggregated to 

construct a sectorial productivity measure?, Studies by Gossling and 

Dov.ring are particularly relevant as guides for developing sector pro­

dlicti vi ty measures (Gossling, 1964; Gossling, 1972; Gossling and 

Dovring, 1966; Dovring). Since Gossling defines the final output of' 

his "gross output subsystem" at the farm gate, only agricult7.lre and all 

direct and indirect inputs required to supply agriculture a.re included 

in the subsystem. A more detail discussion of Gossling' s input-output 

approach will follow below. Gossling and Dovring use the "gross-output 

subsystem" approach to measure aggregated labor productivity- in U.S. 

agriculture. Farm output for final demand is divided by the sum of' all 

labor used directly on :farms as well as labor used indirectly to pro­

duce purchased :farm inputs (both durable a.nd non-durable). This 

methodology provides a much more comprehensive measure o:f total inputs 

' -
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tban conventional . productivity· studies,· but it. needs to be ext·ended . 

·_ beyond the. f's.rm ga.te. Most existing measures of productivity a.re, like. 

·--. the Gossling .and Dovring indexes, ·partial. :productivity xneasures _in-that· 
. . 

·they-relate output to only one inpu.t--labor. Partial productivity . 

measur-es a.r~ use±"'ul in showing any savings in the use of a pa.rticul.a.r 

. input ewer time,. but. because o:f factor substitutio~s, these measures do 

' not refiect changes in the net efficiency of a.ll inJ;ro.ts used. · · 
'"'~-. 

' 
Ittput.:.output tables. were also used in a 1966 study by Gale to compute . 

the total output, la.bar and value added requirements, and labor produc- · 

· tivi ty for the entire ''food subsystem. n · Expanding Gossling' s methoclology, 
. . . . . . 

·. Gal..e def'ined the food subsystem as all direct and indirect requirements 

of farming, food manuf'actui"ing, food distribution, and transportation 

industries needed to produce the output represented by civilian expendi­

tures for farm food. In essence, Gale uses the I/0 inverse transa?tion 

matrix, (I-Af1 • A ma.jar shortcoming of Ga.le' s productivity measure is 

that it includes only' current production req_uirements omitting capital· 

requirements. 

Beyond these studies, there are several productivity measures for 

individual industries in the food and fiber sector. A selected inventory 

. of such measures, starting with farm inputs and proceeding through dis­

tribution follows. 

Though no productivity series exists for individual farm input 

iri~ustries, ERS is developing totaj. factor productivity measures for the 

farm machinery and agricultural chemical industries. The series, which · 

will extend from 1947 on, computes productivity as the ratio of real value 

I 
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~ed aver a linear:a.ggregaction of'. real. labor and capital. inputs. 
. . - .· . . . . -_ .. ·:·--- . .. : . . 

·. ·· _. · _Mo:tt productivity studies in the faad and fiber sector focus on 
. : . ' . 

·theta.mi subsector. They include series: on Il.et output per person (U.S. 
. . . ·.. . . . . . . . . . _.· . -· . . 

<llttreauot Labor Statistics) and total. factor:prochlctivity series b~ed -· 

on gross output aver total inputs: (Loomis and Barton) and ori net output 
·: . . . . . . . . . '·.- ·. ·- . . . . . . 

·•. az- wJ.ue a.cided aver . total. ~• {Keo.dtlck., ·.1.961., p. -. 363 and 1973, p. 78} • 
. · . . . . 

A review of agricu:tture :prodttetiv:Lty measures ancl concepts is provided 
I . . --. 

. . 

by J •. Hor.ring in his 1961 book p.iblished by o. E. c: D.; Besides a.ggre- · 

gate· fa.rm. output, prodUctivity• measures are also. available for indi vidua.l . 
. . . . 

COJmllodities. In pa.rticul.ar, Dovring has computed productivity. indexes 
. . . . . 

, tar 12 separate commodities {Dovri.ng~ .PP• 24-58). . . . . . . . . . I 

Severa1 studies compute )?roductivity series :for various industries 

Yithin the food and fiber :processing stibsector. Kendrick computes total. 

factor productivity .from 1948 to J.966 for food and kindred products and 

textile manu:facturing. IBS also is developing total factor productivity 

measures for each of nine 3-digit L"ldustries within Food and Kindred 

Products (SIC 20). Remaining studies in the food processing sub sector 

restrict analysis to measures of' i.::bor productivity. These include 

series computed by BLS (index of output per man.-hour for seven food :pro­

cessing industries}, ERS ( output of farm-originated foods :per man-hour 

for eight fo~od processing industries)., and Waldorf's study of. value-a.dded 

per man-hour in factories·processing farm food products. 

Due to conceptual and data. problems in measuring output and associ­

ated inputs for the distribution subsector, only a few studies attempt 

to mes.sure productivity in food distribution. The most comprehensive study: 

> . ' 
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computes net outiru,t (value added) per im;n~hour in distributing farm~food 

··_ products··· (Waldorf and. Ga.le,· and uprui.t~ in Ga.le· and Van!forn).. J:rl. a 1969 

. a-t;wtr of real dollar sales per man-hour in retail trade, Schwart~ 

, .constructs separate productivity ser~es ·. for eight store types including_ 

:tood stores and eating a.nd drinking plac~s. · F:ill8-1Jy Bra is developing an 

amrnaJ l.abor :productivity series for :t:'ood retailing based on the combined 

· ·gross output per ma."1-hour ot grocery stores and speciaJ.ty food stores. 
. . . . ·t 

·. However, this series, a.s yet, has not been published. 
. . 
· This sampling of the .litet-ature reveals tha.t a large number of indi-

. . 

vidua.1 productivity meaS1J.res are a.vallabl.e for many of the individual . 

, segments of the food a...'ld. fiber sector. Conceptually, individual works 

might. be aggre~ted i.'1dUstry by industry to. develop a sector productivity 

series. Unf'ortunately, available measures follow no consistent methodo­

logy for measuring outputs or inputs and thus, even if a satisfactorJ 

weighting system w-as found for combining existing industry productivity 

series, lack of consistency ~akes any aggregation impracticable. 

The .a.ea.l Measure 

'What do we want in a productivity measure? In e11aluating the food 

and fiber system, ERS is concerned w.i.th both economic as well as tech-
/ 

· · nological. productivity. Productivity can be approached from the ve-ry 

broad perspective of economic efficiency, from the narrower and more 

traditional perspective of technical efficiency, or from the still more 

narrow perspective of technological change. In addition to the mechanical 

t+ansformation of factors a..."ld materials into intermediate and final 

products, econo:r:rl.c productivity includes utility. How efficiently a.re 
. 
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·. · · inputs into the food a.ri.d. fiber sector tr.ansf'omed- into products: and : 

.~ervices·,· ·and how .efficiently .do.es this. product· and•· service• mix yieJ.d.· 

-·--.-; COl'JSUmE!l" satisfaction? ·: As a measure ·Of• economic. efficiency, ER$: lu!;d de-
: -·--·-· .. · . 

. • , val.oped :a?l: Index of Consumer Sa.tisfactio~ which>-~ be UJ?euited p·ericxli~ 

:~ (l!a.ndy and P.raff);.;/ Whtm. this. index becam~s -a.vaila.b:Le for a :Long~· 
·. . . .. · .. ; ·•·'". ·. . .· . . . . .. 

• ·time· seri~s (n.ow one :1ea.r only), .it may be interesting to relate it to 

.sector inputs. 

TJie conventional· c~n~ept of ·productivity ref~ t~ physical produc-. 

. tirlty or. technical•· efficiency defined as the ratio of real output to . 

real ~nput (Kendrick, 1961, p. 6; DOVTing, p. 8}. On the other hand; 
. . .· . . 

productivity< a.s a. meas~e of tech."1.ologi~al change refers to the ratio. of 
. . 

real outfnl.t with current technology to wa.t real output would ha.ve beeri 
. : . . 

· with a. .base period technology {Solow). These two concepts are.easily 

distinguished by _considering a growing economy characterized by in~reas­

ing returns to scale but no technological progress. The latter measure 

wou1d show a zero advance in productivity whereas the form.er would show 

an increase. Traditionally agricultural. studies have used the physical 

Pr<:?d~ctivity concept (H~rring, pp. 30-4o). That approach may be superior 

if you take the view that agriculture has been in a chronic cUseq_uili-
, 

· brium state since the measures of technological change must :rely on the 

annual correspondence between factor shares and the elasticity of out­

:pllt with respect to that factor. Still, it seems best to follow which­

ever methodology is most practicable and bear in mind its limitations. 
. ~- . 

Though we see the measure of sectoral productivity as important, this 

does not imply that measurement of productivity by industry a."'ld coJreJ1odi ty 

.. , .. 
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. .u· not. · Idea.l'.cy a productivitY' meas~eaent system is needed. which will 

..• yield both the sectoral me-asure and con;i::ttent irtdustry and commodity 

measures. It seems unlikely that a m~e is possible which Will. yd.eid 
. . . . ,. . . .. 

· c!is&gg?'e~tion by commodity siI1ce> in the process of marketing, commodi-< 
: . . ·- . . . .· . .· . . . . 

· . ties often lose their $ta.tiirtical and physical identities. Beyond the 

• .. 41atinction 1:>etween the· above three basic· approaches to productivity 

m.ee.surement, we need to VerJ caref'ul.ly distingu:Lsh ~etween two different 

concepts of -industry. :Productivityt•··••• ;e. are interest~ in measuring both .· 
. . '• . . . 

:productivity advance within an industry and the impact of productivity··. · 

advance ·,2;!• an industry. Thus an -industry which produces a.n increasing 
. . . . . 

' quantity of outl)'..it from a given mix of primarJ inputs (labour, land,. 
. . . ' . . 

. minerals, etc.} and intermediate inlJU,tS (:wa.chines' structures' etc. ) will 

show productivity advance within itsel.:r. But if intermediate inputs are 

being l)roduced more efficie..11tly elsewhere in the economy, then the measure 

of productii.tl i:"J" advance on the ind'-2.str.r will be greater. To measure 

productivity change within an industry, the industry's output should be 

related to its use of l)rimary and intermediate inputs. To measure the 

impact of productivity change on an industry, one should relate the indus~ 

tey's output to all. of the primary input used (a.."lYWhere within the 

econOIIJY') to produce . that output. 

Implementing the Ideal 

We conceive of there being t·wo basic ·ways to measure sectoral produc­

tivity. The most obvious. is to use·.one of the neo·classical methodologies 

to measure productivity separately' for each of the industries within the._ 

sector and to combine these measures with a weighted average. A number 

of :problems with e:r.ist-ing neoclassical. methodologies will be discussed 

• . . 
. \, 
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__ ":: bt9law~ but, the principal. problem 'iS the interiruiustry'. weighting o:f' 

s~te productivity· serie.s.·. In neo~sica;t works :where such weighting -

schemes 'are us-ep., --an ind~try -i~ either -entirely within or outside a -
;aector~·::.-:Yet' only-_ certain. of 8.Il industry•s'.acttvities :may •:rail withi~ i;lte 

>~ood and fiber sector (food ldlolesaljng in w.oJ.esaJ.ingJ and in maey -cases 
-.. .J 

- cm1y some ~rtion of some acti,viti~s (fiber processing. is in- the 

-- -sector to- the extent that the s~tor·buys processed; fiber ~d to- the 
"?_;· 

-_- extent -tba.t fib~ :proc e~sing buy~_ natu:ral; -fiber);. ~ 

-It is possible to avoid th~ weighting problem -by using the input'."" 

0t1tput approach to productivity. The _ I/0 methodology should start with -

an n x n matrix of' :product .flows, an n-dim.ensional vector of final_ demands, 
. . .. 

and n-dimensional vectors of all primary good require:1ents. The food 
. . . . . . . . 

and fiber sector is defined by asking how much agriculture would ha.ve to -
.. . . . . 

purchase of each of the 0th.er industries in -order to be fully vertically 

integrated. Y Basically, the total. requirements matrix is used 'to 

"track down" alJ. o-r the primary inputs used in producing sector output. 

Growth in· productivity for the- food and fiber sector can then be computed 

in ·any of several. ways, all relati.1.:g output to primary iil!lut. - .Further­

more, the above data provide all tha.t is needed for separate measures of 

productivity for each I/0 industry-. 

Several limitations to this approach need to be noted. Seemingly 

the most severe limitation is one of data. Except·· for labor, there is 

little data on primary input by industry. Gossling and Gale handled this 

problem by assuming that labor was the only :primary good. A further dat_a 

problem is that productivity can only be computed for the seven years in 

which cor.:parable I/0 tables e:dst.. With labor as the only prima..ry input, 

.•. 
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tbu._ l&tte:ri problem is probably not: 8$ · sigdfic~ as it might seem. · -
. ·.' .. : . . -·-. . ·- --

. It u shown (Gosslin·g~ 1972, p. 72) that a short cut mthod proposed by_. 

· · -DQffing. y1eids a. good approximation in non-r/o y~s. A_ final data 'com~ - · 

:,pl.ic$ti01t is ~e requirement ~1" data measuring ·ca.pit$.l stock by I/0 ·- · 
. . . _._ .•' - . . -·· . 

. ·. . . 
, .·industry._ · 

-Sn~ liI!ii.tatiOllS to· th~ ~bility: of"· the I/0. approach ~ implied . : -

:b¥_ the ~ecessa.r.iassumptions •. To us~ I/O·; ~ ind::S~ must be assumed: 

: tc3 produce a homogeneous outpt.tt whi.ch sells ~t & Ullique price. • This 

: · assumes away tll:e f84t that each I/ o· industry p~oduces non~homogen~s. o~t­

put which is ·so~d in varying _ni:uces to different.buyers. A f'urther. source· 
. . . . . . : . . . . . . . . . . 

of" en-or.lies in the assumption tbat each industry is in a. stationary 
' . 

self'-replac:ing state •. Thls latter assumption permits the summation of 

th~ curr~t flow matrix and th~ capital n~ matrix to calculate "total. 

·flow" and thus completely measure industry interdependence. The notion 

· of measuring productivity with IiO is not new, butlt is not well-known. 

· So it is worth noting tha.t the b·est expla..'la.tion of this concept was done 

by Rymes' in an article which should become a classic~-

._·. We. now consider the :possibility of measuring productivity industry. 

by· industry and aggregating to a measure for the food and fiber sector. 

Whereas the s~ctor definition was_ implicit to the r/o approach, it becomes 

again an open question for industry-by industry aggregation - cine for 

wn,ich there is· no . existing answer. 

Beyon~ the question o-f sector def'inition remains the question o'f how 
.. 

to ·choose weights for the interindustry aggregation of productivity indic_es. 

Unfortunately, no recognized answer · exists to this question either. 

( . 
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There is, however, a l.ucid new trea.tm:ilt of this question in the form 

·ot_& preliminary .report by Eulten (RuJ.ten,· :r.974). He handles weighting· 

in the context of going frcm :industry measures of :productivity to an 

- economy measure~ Thus-he does not provide an immediate answer to our 

cpleS'tion., but his work does establish a theoretical basis for approaching 

the question - one which is destined to receive much further attention, 

so we shaJ J consider it. y. 
HLll.ten's ma.in l)oint comes f'.rom distingtti.shing technical change 

originating in an industry (z:1easured by R1) :from tecbnicaJ. change 1m~ 
. . 

:pacting on an industry (Z1}. His formuJ..a.. for measuring Ri is conven­

tional. except that it all9>ws for inte....""'Ill.edia.te input. His formula. for 

measuring Zi is very unconventional, namely 

* .M.. . Zi = Yi - 2.- . sj 
J=l 

llhere Yi is delivery to final da:n.and from industry i; .Jj is the total in­

put of :primary good .J used in all industries; Sj is the sha~e of the 

primary input in national income; and astexisks denote rate:, of grO"wth. 

He develops a set .of sufficient assumptions for Ri and Zito be correct. 

He then shO"..;s that the rate of shift in the social net production 

* possibilities frontier (Ti) can be measured from weig.lited sum of either 

the Ri or Zi· 

Note that Zi would be ver; ear;,J to use for our purposes. It in­

volves only data on deliveries to final demand from each industry plus 

one Divisia indexed measure of pr:imary inputs· for the entire economy. 

More significantly, note that the formula. for Zi could be· applied to 

easily coffi}Jute productivity fer the food and fiber sector cerely by 

?· : 
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. defining Yi as sector delivery to final. ~ema.nd! . Unfortunately HuJ.ten·· 

makes two crucial. and ver.r restrictive a.ssumpt_ion which cast doubt on the 

usefulness of' this approach. · Essential.ly, his formula. only works if -
. . . . . . 

demand is very well behaved so tba.t su:pply effects dominate in economic 

change. Thus Hulten assumes that the economy is closed to international 

ti-a.de; that demand functions are constant over the ~eriod of' .a.na.lysis; 

and that each good has a unitary income elasticity of demand. It needs 

. to be noted tbat agricultural exports a.re an extremely important, occa-

sicmaJ.ly volatile facet of demand; that an important element of techno-

. 1ogical change is the creation of new :products so that demand :functions 

cannot be constant; and that the income ela.stici ty of demand for food . 

is genera.J.J.y conceded to be less tha.,.~ one. T'nese factors militate against 

the use of HuJ.ten' s Zi and thus we are lef't with the use of Ri which is 

correct even without the restrictive assumptions noted above. There a.re, 

of course, some difficulties :with the use of Rf• Ex:_cept for I/0 years, 

not enough data exist on specific intermediate inputs to measure Ri very 

well. :Further, Hult en's interindu~ 7-ry weighting system needs to be ex­

tended, as discussed above. 

Having raised the issue of industry by industry weighting, there 

are other topics remaining to be considered. 

Whether capital is treated as a primary good o! an intermediate 

good, its treatment is quite unsatisfactory. In agriculture a large 

por~ion of·the fixed capital stock goes unmeasured - own account capital. 
'I, 

An ERS study indicates that, in 1973, $5.5 billion in capi~a.l formation 

is unidentified and $2.6 billion is unrecorded for cattle alone (D'Jer). 

Important ow11 account items ar: orchards, livestock, ~d stands of 

variqus perennials (hay and alfa.lf'a). Until m~asures of these capital. items 
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are available, all measures of agricul.tura:t productivity must be view-ed 

Yi.th sus:picion •. 
·. . . .· :- . . . . - . . . 

· The traditional. mea.Sllre:nent -of: fixed capital is objectionable. It 

·_ .. :relies on the identity that the current :period capital stock> is the 

. previous perie>d stock minus depreciation :plus investment. Clearly the . 

item of greatest ambiguity is depreciation. The most common measure of 

· depreciation assumes that it is som.e constant proportion of the previot1.s 

. period capital stock. This assumption has been the ·subject of recent 

attack on the basis of empirical. studies of investment and l)rof'it (Coen; 

Mendelowitz). Clearly the method may be attacked on the grounds tha.t it 

fa.i1s to make depreciation dependent on the distribution of investment 

8.lllong goods of various serYice lives. ~ _ Another common measure of de­

preciation, called double-declining balance, assumes that depreciation is 

at a rate of 2 for a capital good with a service life of n. This 
n 

method most commonly is assumed to measure the discounted stream of 

returns to capital. However, it is easy to show that double-declining 

balance depreciation. implicitly assumes very unrealistic time patterns 

of returns to capital. For exampl~; if the' income stream is discounted 

at a continuous rate of 1~, then double-declining balance depreciation 

implies that an entrepreneur :purchasing a capital asset with a service 

life of 10 years expects a declining strea.ill of returns over the life of 

the asset, whereas he expects a constant stream for a 21-year asset, 

and a continuously increasing stream for any asset with a service life 

of over 21 years. This feature of declining balance depreciation is 

indefensible! Rather than assume a. particular pattern ~or the :present 

, ; 
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vaiue or the stream of profits, it. seems safer to simply assume a pattern 

to the stream of :pI"Ofits.- The Economic Research Service ha.s implemented. 

tb:1s latter type of analysis a.nd a.!'!llied it to capital. formation in the·· 

·. food and kindred :products industry (Howe, Handy; and Traub). 

_·Summary 

Based >on the above considerations, we can reach some conclusions as · 

to the. optimal approach for measuring :p:roductivi t;y f?Z" the food and fiber 
:- ,. . . 

:system and its com;ponents. At this time the I/0 approach seemingly has 

the most to off er for. establishing both benchmark meas-v.res -of prod:uc­

tivi ty and benchmark definitions of t.."le food and fiber sector. As noted,· 

the use of I/0 does involve sorae strong assumptions. However, the 

validity of any methodology will de_pend on a definition of the food and 

fiber sector, and we can conceive of no sector definition which is valid 
( 

for productivity :purposes and wich does not use I/0. Hence a.n:y methodo-­

logy will rely on I/0 assumptions·. 

Rul.ten' s aggregation theorem ( on aggregating Ri s) should be extended 

to handle the ::problens discussed above and used to interpolate between 

\·. I/0 year. 
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·. Eric C. Howe is an ec.onomist with the Ec,onomic Research Service, U.S. 
. . '. . .· .. ' : 

· Department of Agriculture, Washington, D. C~ a.nd a student at the.· 

: trniverGity of. Maryland.; ·· . Charles R~. Handy is an .. agricultural economist,. ·.· · . 

F,conomic Research Service, U.S. Department of Agriculture, stationed in 

· Washington, D. C. 

!/ See Ga.l.e, pp. 132;..133 •. Gossling analyzes the related. question 0£ how 
. . 

· much a.grieultuxe would have to purchase of each of the other industries 
. . . . . . 

in order to be fully integrated on the input side. · (Gossling, .1972; . pp. - · 
. ·. . . - . . . . ' 

15~29, J.65-179). Conce:ptually there is· uttle trouble extending Gossling' s 

method to arrive at Gale's. 

g/ We thank Dr. Hulten for permission to cite his preliminary report. 

'JI: Jorgenson and Griliche; have defended this pra~tice by asserting, with 
. . . 

neither citation nor proof, that the distribution of replacements 

approaches a constant fraction ~fthe capital stock for a:ny "survival 

curve" and :for anY initial age distribution of capital (Jorgenson and· 

Grillches, p. 225). Since investment fluctuates with substantial random 

and nonrandom components, it see!'.ils unlikely that this assertion is true • 

./ 
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