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| Ditwode 'ct'ion:* )

A major responsibility of The Econmnic Research Service ha.s been to

‘blgtmomitor and evaluate the performance of the segments of the U S. food
ﬁzf?and fiber system. ‘Due to increasrng interdependence emong the various f;;t
‘Tt-\,?;segments of the sector, the agricultural economics profe331on is nging
'Viiqﬁffgreater emphasis to developing eonsistent economic accounts and performpt L
::?ance measures across the entire food and fiber sector.» For example, ‘
"}pgisession at the l97h AAEA summer meetings was’ devoted to examining strains;:ffs;
.3ifion our current data system and suggesting 1mprovements. One paper 1aid
-?out the conceptual foundation for>an expanded economic accounting system
V',‘that would con51stently monitor product flows, cenital flows, and capltalv. .
‘f_stocks across- all segments of the food and fiber sector (Carlin and |

7»H2ndy) The need for an. improved economic accounting system carries over .

to indiv1dual performance measures. Mbst empirical studies of pcrformanceu

are conducted at the firm or industry level of aggreoation. Seldom have

. our conceptual techniques, or available data,al_owed researchers“to‘

monitor performance for the entirevaOd and fiber sector.

. As part of an effort to improve perfbrmance measures, ERS is expand-

ing its research program for measuring ‘and evaluatlng the efficiency of
‘»resource use in thevproduction and marketing of food and fiber products.

'Plansvinclude expanding productivity meesures'to'industriesvnot 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 totai factor productivity measurement system.for the foodv

and fiber sector. Such a measure would allow us to monitor changes in



" ’the efficiency with which the sector utilizes irr*uts in producing food
' a.nd ﬁ.ber for f:mal demand. '

Deﬁning the Sector

I.ack of an operational defimtion of the food and fiber sector has

“_vhindered the development of sector performance mea.sures._ The profession

" aeens to. be comrerging on a general conceptua.l defimtion of the sector

as mcluding the fa.rm :anuts subsec’cor, the a.grlculture subsector, a.nd

| ~ the produc’c market. subsector which includes processz.ng, wholesaling, a.nd o
. lretailing (USDA Upchu.rch Carl:m a.nd He.ndy, Waltars) | Whlle-th:.s vdef-

| 1nition helps to 1den‘t:.fy the broad pa.rameters of the sector, 11: has not

’ been a particula.rly useful guide for ez:xplrlca.l studles wh:.ch must determ:.ne_.

which establishments 5 mdustrles or parts of 1’-ndustr1es'a:re or not 1ncluded- |

iﬁ the sectoi'._ Thé ‘easios“t :method'woul& be to. definé certain industries

as in the'secior o'n' the 'ba.sis .of direct sa.les,. to or purcha.ses_ from agricul-v

- ture; for e_xa:qple, the _work underway by an ERS task force headed by

- Conrad Fritsch. Howevel', th_is approach i@ores'indirect effects, which

can be pronounced.’ Fof.‘ exa.mpl:e', agriculture Vdoes not purchase products

directly ffom either the cmde petroleum and naﬁm'él gas or the.prima.ry‘
iron and steel 'manufacturing industries. However, a $1 increase in final
dano.nd for agricu.lturev causes an increase in demand of 29! for the fomér

and 1¢ for the latter (USDA). Certainly a sector definition which is to be

used for productivity analysis is suspect if it implies tﬁat these two
industries are entirely outside of the food and fiber 'system

me::'ély because é,griculture does-ndt purchase from then directly. No

single definition of the sector will be suitable for all research

and peolicy objectives. ( In fact,. a realistic definition must

" K
.



| fff;_.;ehange over time ) Nevertheless, a comrehens:.ve definition using con-

’

o ;j sistent descrz.puors a.nd da.ta. sources wmﬂd a.llow ind:.ndua.l resea.rchers

._research needs. o

to develop d:l.fferent coni‘igm'a.tlons of industnes to meet individual |

The remainder of the paper mll smey msting productivity

mssnres a.nd assess their potentm use 1n developing a total factor

"productlvity sern.es for the food and fiber sector. We then-eva.luate a.nd , i

-

SR -_ I'ccmpe.re two e.lta'native methods for constructing such a productivn.ty

series. Final.‘ly we suggest which methodclogy, at this stage, seem moat
:promising for achleving our cbgectlve. o o

ApplicabiLtv of "*c:.stmz Measures

\To what extent ca.n ex::.sting emm..n.ca.l studles be aggregated to '
| construct & sectqual ‘-_productlnty‘ me‘a.sure‘z, Studles ’oy Gosslln_g‘ a.nd -
Dorvring a.re particvx.xla.‘z"ly» relMt a.s guides féz:" d‘evelozlzingj séctor ‘pr.o-
duictiv"ity‘ mea;suresi (Go's_sling, 1664; Gossling, 1972; Gossling and c
:Dmvrj;ing, 1966‘; Dov-ring»);. ) -Sinc‘e Gossling defines the final outpuf.. of
 his '"gross output subs:ystem‘"‘ at f.he fa.rm gate, oﬁly ‘agriculture andj-a.]_'!.
direct and indirect inputs fe@uired to supply agriculture are included
in the subsystem. A more‘ detail discussion of Gossling;s input-ocutput
‘a'pp‘roac}i will foliow bslow. Gossling aﬁd‘ D_svring use the "g;%'os‘s-éu'tpu’c
sﬁbsysteh" ap?roach to mea.‘s‘ure aggregated labor prqdu’ctivity. in U.S.
agriculture. Farm output for final dana.nd is divided by the sﬁm of all
. la.bor used directly on farms as well as labor used indirectly ’co pro- |

duce purchased farm inputs (both durable and non-durable). This

methodology prondes & much more comprehensive measure of total inputs



" tha.n conventlonal productinty studies, 'but it needs to be mctended

B beyond the farm ga.’ce. . Nost ex:.stmg measures of productivity a.re, like .

L -=»'_4:v_a_~the Gossling and Dovnng indexes, partla.l product:w:.ty mea.su.res in tha.t

they relate outpu’c to only one :anut--la.bor. , Partlal productlvity

_4 'i_'mea.sures are useful in shomng a.ny sa.mgs in the use of a pa.r’cicula.r

£ ._input ove.r tme, bu'b because of fa.ctor substitutions, these measures do o

: not reflect changes in the net efficlency ef all mputs used

Jhp!rt-output tables were e.lso used in a 1066 study by Gale to compute L

| ’the tota.l output labor a.nd va.lue edded re@urements, and labor produc- f

tivity for the entlre "food subsystem. Mandlng Gossllng s methodologr,

- Ga.le defined the food subsystem as a..._l d:u'ect and inchrect requlrements

- ‘of farm.ng, food ma.nufacturlng, food dlstributlon, a.nd transportatlon o .

Aindustr:.es needed to produce the output renresen?‘ed bj clv:.lla.n e:cpendl- L

L ’tu:res_for fa._rm food. In essence, Ga.le uses ’che I/O inverse tra.nsactlon

o 1
matrix, (I-A) ~. A maaor snorccomng of Ga.le s productivity mea.sm:e is

 that it includes only cun'ent’ productlon requlrements: omitting c_a.pltal—

' requirements.

Beyond these 'studies, there are several ;productivity neasures 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 exis‘bs f.or' indiﬁdual farm input

e industries, ERS is developing total factor productivity measures for the
. . v . .

farm machinery and agriculturel chemical industries. The series, which

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



.added over a linea.r a.gg:egatlon of rea.l labor a.nd ca?itel inputs.
A Most Productlvit'y stuﬁies in tize faod e.nd f:.ber sector f‘ccus én .
the fa.rm subsector. They mclude series on ne‘t 011‘5?‘11: per Perscm (U s.

meem of I.abor Sta.tistics) &nd total factor pro&uctinty ser:.es bas e d

on gross output over total mputs (I.ooms a.nd Ba.rton) and on net output

e -},& va.lue a.dded over. total mmrtvf(m“, 1961’ P‘ 353 snd 1973’ > 78) |

A review of ag'iculture proé:actlvity mea.su::es a.nd concep‘bs is provided
| by J‘- Horring m h:.s 1961 book pu’olished ’oy 0 E Cco D Besides a.ggre- -

gate fa.rm output, productlnty measu.res a.re also a.va.lla.hle for md:a.vidual_ .‘ :
comod:.tles. ) In parta.cular, Dovnng ha.s comguted productz.vity mdexes v |
for 12 separate commodltles (Domng, pp. 2’4-;8) | | |
Se\reral stud:.es compute Producﬁnty series for va.rious :mdustr:.es |
:v'with:l.n ‘bhe food and f:.'ber pmcessmg snbsector. Kendrick computes total :
factor productlvzty %om 19218 to 1966 for food a.nd k.‘mdred products and

'textn.le ma.nu.fa.cturlng. ERS aiso 1s deve" oplnv to‘bal factor productlv*ty

o mea.sures for each of m.ne 3-&1»‘1'& mdustnes w:.thln Food and Klndred

- ‘Products (sic 20) Remalmng stud:.es in. the food processing subsector

- restnct ana.lys:.s to measures of irbor yroduct:.v:.ty These 1nclude _

series computed by BLS (1ndex of ou‘cput per ma.n-hour Ior seven food pro- o

'cesmng ‘industr:.es)‘,_ ERS (ou’cput of far.m:-onglnated foods per man-h‘our.v
:t’oz'~ eight food; proc,es'sin‘g"ilndustm".es)‘-, an'd Waidoff's .study ofiv.&'!.ue-a.dded’
per man-hom' in factorles proceasmg farm food products. o )

.~ Due to conceptua.l a.nd data pro‘olems in mea.su:rmg output a.nd associ-
ated inputs for the ”_dls_tnbutmn ‘subsecto‘r, only _a. few studies a.ttempt

to measure productiﬁty m focd distri’outiOn, The most c‘omprehensive study



L e :putes net output (va.lue a.dded) pefr man-hour in distrlbuting fa.rm-food'.

p:oducts (Wa.ldorf a.nd Gale, a.nd upda.ted in Gale and VanHorn) In a 1969

stud;y of rea.l dolla.r sa.les per man-hm:.r 1n reta.il tra.de, Schwartma.n

_-’Iv' constructs sepa.rate pro&uctzvity se:r:ies for eight store types including |
- "v.:_'rood stores a.nd ea.ting and dnnking places., Flna.lly BLS is develop.mg an '
anmal l&bor prod‘uctlv:.ty senes for food re‘talling based on the combined j "
';’::@OSS output per ma.n-hour of g'ocery stores a.nd speclalty food s‘!:ores. .
'Hawevm:, thls series, as yet has not been published. |

‘This sa.mplmg of the llterature reveals that & la.rge number of indi- '

vidual product:w:.ty mea.su.res are a.vaila.ble for many of the 1ndividua.l )
,segments of the food a.nd flber sector.' Conceptually individual works |

) might be a.ggrega.ted mdustry )8 mdastry to. develop a sector productlnty-‘
series. Unfortunately, _ e.vallabl_e measures follow no cons:.stent methodo-.'

iog:{ for measuring ouffui:s or inputs and 'thus, even if a .s'atisfa.c‘boz:'y -

weighting system vas found for combining existing industry productivity

’ ser:‘les», lack of consistency z:akes.eny .a.'ggrega.tion. impracticable; s |

- The i3eal Measure

.' What do we want in' a prod\ictivity -measute? In evaiua.ting the food
}a.nd fibei" system, ERS i‘s‘concerned with both economic as well as tech-
| ~nologica'3. productivity. | Proﬁﬁctiﬁ.ty can be apprcached from the very’
| be'oad-perspecfive of e_conoicic efi‘iciencj*, from the_narrower and more
traditional perspective of technical efficiency,' or from the still more,
.na:_z_-row perspective of technological change. In addition to the mechanical
transformation of factors end materials into intermediate and final

products, economic product:.v:. ty includes: utility. How ei‘ficientlj/ are

-



inputs into the food and flber sector tra.nsfomed mto products a.nd
services, a.nd hovr eff‘.r.c:.enﬂy does this product a.nd service m:Lx yield

consumer satisfactlon‘? As a measure of economc eﬁ'iciency, ERS ‘had de-

u’fveloped a.n Inde.x of’ Consumer Sa.tisfa.ctlon which '«:111 be @dated periodi--

ca.lly (Ha.ndy and Pfaff) mzen this index becomes a.va.:.lable for a longer
- time serles (now one yea.r only) , rb may be :mterestmg to rela’ce it to .

vsector inputs. } B

. The convent:.onal concep* of productn.vity refers to Dhysical produc-‘ ’
B tivity or. technlca.l ef“lclency defmed a.s the ra.t:.o of ;eal output to
~real input (Kendrlck 1061, 2. 63 Dov:rlng, p. 8). On the. other hand,
: produc‘clnty as a measure of technologlcal cha.no'e refers to the ra.tn.o of:’
- real outpm: ‘with current technology to what rea.l output would ha.ve been
 with a ba.se perlod »..echnology (Solow) These two concents are ea.s:.ly-
: _ disting‘tnshed by consz.de.rlnc a g,row:l.ng economy cha.racter:.zed by increas-' '
' ing retums to scale but no- tecnnologlca.l progress. : The latter measure
would show a zero a.dvance in productlv:.ty whereas the former woxﬂ.d show
" an increase. Tra.dl’clonal_.,w," agricultural stud:.es heve used the phys;ca.l
prqd;ictivity ‘concept (Herring, Pp. 30-40). Thé.‘t: approach may be superior
ir you take the view tha.ﬁ é.gicultu;re has ;eeen in a chronic disequili-
"'bfiﬁm state since the measures of ‘L",echnologice.l change must rely on ‘the
annual correspondence between factor shares and the xelasticity of out-
put with respect to that factor. Still, it seems best to follow which-
éver methodology is most ?ractica‘?le and bear in mind its limitations.
| ‘Though we see the meé,sure of sectoral productivity as _importa.nt R tb.is .

does not imply that measurement of productivity by induétry' and commodity



e 13 no‘h Idea.uy a product:.vity mea.snraaent system is needed which wi]l

R '3'ield both 'l:he sectoral measure and consistent mdustry a.nd commodity

' "‘-?fiddr;,;--"neasures. It seems unl:.ke:w ’cha.t a neasure is poss:.‘cle which mll yield :

) :disaggregatz.on by commodlty s:.nce, in the process of ma.rk.e'ting, commodi-

- ties often 1ose then- sta.tistlcal and phys:x.cal 1dentities. Beyond the |

C :fi dis‘hinctlon between the a.’oave three ‘bas:Lc approeches o productivity

fneasurement, we need to very careﬁ:.lly d:.stmgzu.sh between two differentz‘ :

e conccpts of industry productlv:.ty- " we e.re interested in mea.surz.ng both

| productivity a.dva.nce w:.thin a.n :mdustry a.nd ’che i@act oi‘ product:.vity
V.ad:va.nce on an 1naustry. Thus an mdustry wh:.ch produces a.n lncrea.s:v.ng
qua.ntity of out'ou'b from a gz.ven mx af nrmary mputs (labour, la.nd
. _minera.ls, etc. ) a.nd mtemed:.a.te 1mmts (;._acha.nes, stmctures, ete. ) w111 .
_ show productw:.‘ty adva.nce mth:.n 1‘I:seL. - But 1f intermedlate 1nputs a.re
E being produced more eff:.c:.ent]y elsewhere in the economy, then the mea.surei
of productiv:.ty advance on. ‘hhe 1ndustry will be grea.ter. To measure
i productlvity chano'e wlth:.n an mdustry, the mdustry s output should be
related to its use of prmery and mtermedla.te 1nputs. To measure the _
impact of product:.v:.ty change on an mdustry, one should rela.te the 1ndus-7 o |

 try's output to all of the prma.ry 1nput used (a.n,ywhere w1th1n the

' economy) to produce that output

Implementlnv the Ideal

We conceive of there 5e1nv two baslc ways to measu.re sectoral produc-
tivity. The most obv:.ous is to use.cne of the neoclassn.cal methodologles
to mea.sﬁre productlnty separa.tely for ea.ch of the industnes within the
sec-tor and to comb:,ne these measures mth.a.: weighted average. A number‘
of pro’olems with existirig necclassical meéhodologies ‘will be discdssed

"

3
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.l}_':; 'belcw but the pnnCIPa-l Pmblm is the intel’m‘msm "’e"ghtmg °f

sepa:ta.te productlvity senes. Iu neoclessical works where such weight:.ng
' ‘achemes a.re used an industry is either entirely mth:m or outside a.

o sector. Ye'b only certaln of an mdustry s a.ct:.vities ma;y' fa.ll w:.thn.n the

R food and ﬁber sector (food wholesa.h.ng in wholesahng) a.nd 1n ma.ny cases
; only some propor'hion of 'some a.ct::.vities (fiber processmg is in the '

L sector ‘co the extent tha.t the sector 'buys processed flber e.nd to the R '-'

o extent tha.t f:r.ber processmg buys natural fiber)

It is possn.ble to a.vo:Ld 'l:he welghtmg problem by uslng ‘the 1nput- o

. output approach to productinty The I/O methodolog*,r should start w:.th

“annxn ma.trlx of Droduct f‘lows s a0 n-dmensloua.l vector of fina.l demands,'

a.nd n-dmens:.onal vectors of all pr:t.mary good reou:.ra::ents. The food

“ and fiber sector -is def:.ned by asking how x:mch a.gr:l.culture would ha.ve to
purchase of each of the other 1ndustr:.es in- order to be. f‘ully ver’c..ca.lly
Integrated. ._/ Ba.s:.cally the tota.l requlrements matrix 1s used to

'"tra.ck down" all of the primary 1nputs used in producmg sector output.

Growth in product:.v:.ty for the- food and fl'ber secto* can thcn be computed

in any of several ways, a.]_'!. relatls g output to primary 1nput,. : Further-
more, the above deta. provide all that is needed for separete fneasu.res of
productivity for each I/O industry.. |

Several limitations to this approach need to be noted. ) Seemingly

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

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

pro'blem by assuming vthat labor was the_on.ly prima.ry good. A further da’c;a'

' problem is that productivity can only be corputed for ‘he seven years in

w’nlch co'*oaraole T/O tables eust Wl"'h labor as the only orimary input,

»
«
.
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. thia latter problem is proba.b].v not as: si@iﬁcant as. it might seem. o o

; It is shown (Gossl:mg, 1972, ‘o. 72) that a shor't cut nrthod proposed by .
Dovring yields a good appromma.tlon in non-I/O years. A final da.ta. ‘com-

-, :vplication is the requ:.rement of data measuring ca.pital StOCk b!f I/ o

Several Jimitations to the cn'edibmty of 'l:he I/O e.pproa.ch are implied f l'-; S

- "b‘y the necessa.ry assumpt:.ons To use I/O, ee.cb. mdustry nm.st be assumed

- :to mdm'.e a homogeneous output which sells a.t a um.que prlce. T‘us

| assumes awa.y the fact tha.t ea.ch I/O in&ustry produces non-homogeneous out- -

| .‘pu’c which is sold in va.ry:.ng m:Lxes to dlfferent bu.;ers. ‘A further scurce '
Tof error lies in the assumption tha.t each industry 1s 3.n a sta.t:.ona:cy |

self-replacmg state. Thls la.tter a.ssmngt:.on permits the summation of '

" the current flow matrix a.nd the caplta.l flow matrlx to calculate "tota...

o ﬂow" and thus com'oletely measure 1ndus‘try mterdenendence. The notlon
of measurmg Droduc’cn.v:.ty wzth I/O J.s not new, but it is not well-known. >
R 7. it is worth noting that the best exnlana.tn.on of this concept was done.
'by Imnes in an a.rticle which should become & class:.c.
We now cons::.der the poss:.‘oillty of measurmv product:w:.ty 1ndustry

by industry and aggregatlng to a. measu.re for the food and fiber sector.
_ Whereas the sector deﬁmtlon was_implicit to the I/O a:oproach it becomes
.again an open questlon for 1ndustry-by industry aggregatlon - one for
vhich there is' no existing answer. o ' -

' Beyond the‘ questiori of sector definition remains the question'of‘ how
to choose welghts for the inter:.ndustry aggregation of productivity indlces.‘

Unforttma‘.tely, no recOgnized a.nswer’e}d.sts to this @estion either.



There is, however, a lucid new tr&a:@en‘h of th:.s ques’cion in the form

| of a nrelim:ma.ry report by ’*'nlten (Hulten, 19711-) He ha.ndles mghtlng

B in the context of go:.ng frcen mdustry measu:res of productlvity to an

eccmomy measure. Thus he does not prov:.de a.n imed:.ate answer ’co ‘our N
question, ‘but }ns work does establlsh a theoretlca.l bas:.s for a.pjproacm.ng .
the quest:.on - one wh:x.ch is destined to recelve much mrther a.tte.ntlon, .

so we shall cons:.der J.t _/ S
-

Eul:ten s main pomt ceme§ from distmgm.sh:.ng techm.cal cha.nge |
orig:.na.tlng ln a.n :Lndus‘l:ry (mea.sured by Ri) from technical cha.nge m—»l
pacting on an. :Lndustry (Zl) : uz.s formula. fnr measuring Rg_ is conven-'
tiona.l except uha:r. it a.]_'!_ows ‘or intermedlate input. His fommla_. for
measurlng Z:. is very unconveatlonal, na.'nely

i -
:?i%Yi' ,'v ‘\;1-83. )

J

vhere Yj is delivery to.-‘ final derand from industry i; J: is the total in-
put of primary good Jv used in all indus.tries; Sj is the shaie of the
primery input in national income; and .s.ste.ri'sks_ denofe ra.fes of growth.
He develops a set .of sufficient assumptions for Rj and Zj to be correct.
He then shows tﬁat the rate of shift in the social net production

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

the Rj or Zi. » ’

‘Note tha.f Z; would be very easy to.use for our purposes. It in-
volves only data on deliveries to final déma.nd from each industry plus
on;'Divisia indexed measure of primry inputs' for the entire econony.

More significantly, note that the formmla for Z4 could be'applied to

easily compute productivity for the focd and fiber sector merely by

?
Y K
~



"_”"defining zi as sector delivery to fina.l demzmd' B Unfomma’cel:f Htﬂ-ten

N ,':’»mkes two cruc:.a.l a.nd very restnctn.ve assunrotlon whlch cest dou'bt on the "

Vf 5~"'“‘nseﬁ:1ness of thls ap'oroa.ch z.ssentie.lhf, his formula only works if

B danand 13 very wel_‘!. beha.ved so that su'oply effects dominate in economic e

‘--i_}-"change. Thus hulten assumes tha.t the economy is closed to interna.tiona.l

o .;, : tra.de, that danand funct:.ons are. consta.nt over the period of s.na.lysis, o

ji and tha.t ea.ch good ha.s a nnitanr income elastlcn.ty of dema.nd It needs k

to be noted that a.grlcultural exports are an extreme]y importa.nt, occa~ . N

- _ﬁsionally vola.tlle fecet of desa.nd tha.t an- 1mportant elefnent of techno-- ‘- S
o logical cha.nge is the cree.tlon of new products so. that demand f‘unctions .A
g .ca.nnot‘be- cons a.nt' a.nd that the mcome elastz.clty of dana.nd for food
vis genera.l_.y conceded to 'oe 1ess tha.n one. T‘nese fa.ctors mllta.te agalnst }
the use. of Hulten's Z1 and thus we s.re le“t with the use of Ri which is
'correct even wa.thout t‘le restrlctzve a.ssumptz.ons noted above. There a.re', v'
~.of couz'se, some d:.fficultles mth the use- of' Rl. Except for I/O yea.rs 9
‘not- enough data. e:o.st on speci:.:r.c 1ntermed:|.a.te 1nputs to mea.sure Ri very
| well, Fu.rther, Hulten s mterlndu.. ry welgntlng system needs to be ex-
tended, as _dl_scussed above.
‘Having raised. the‘ issue of rmustryby industry. weighting, 'tnere
are other ‘topics remainmg to be cons:.dered
Whether capital is treated as a prma.ry good or an 1nternedeate
good, 1ts treatment is qulte unsatlsfactory. In agriculture a large
portion of: the fixed caplta.l stock goes vnnmea.suredj - own account vcapita.‘l.
 An ERS study indicates that, in 19’/3,.$§-5 bnnon in capit‘al foi-mation

is unidentlfled and $2.6 blllion is unrecorded for cattle alone (Dyer).

Impov'ta,nt own account 1tems are orchards s l:.vestocx, and sta.nds oe

various -perennlals (hay and alfalfa). Until measures of these capital items‘



e are availeble, a.]J. meesu.res of a.yiculhxra.l product:.vity nmst be viewed

.

-fﬁth susp:.c:.on., " o R EE )
| The tre.ditional measurenent of fixed ca.pltal is objectlonable. T

-.'*fzrelies on the identity that the currerrt period camtal stcck is. the o

"‘;lprevious perlod stock m:mus deprec:.atlon plus 1nvestmen’c Clea:rly the

'V’-'.',item of greates‘t: ambigurl:y is degrecla.tlon. The most common measure of-

__,_.deprecia.tion a.ssumes that 11: 2.s some consta.nt propor’cion of the prev:.ousf: '

i .".:_‘-period capltal stock This assumptlon ha.s been the sub,ject of recent
at‘ba.ck on the ba31s of emp:.nca.l studies of 1nvestment and profit (Coen, o
Mendelom.tz) Clearly the method ma.y be atta.cked on the grounds the.t :Lt

fails to- ma.ke deprec:.a.t:x.on dependent on the dlstrlbution of inves‘bment
g a.mong goods oi‘ various ser'n.ce ]lees. _/ Anothe_r cormon measure of de- )
j precia.tlon, ca.lled double—declin:u.g ba.lance, assumes that dejpreclatlon is
V'-‘at' a rate of 2 for’ e’.capital go‘od mth a service life of n. 'Thi‘s

: .method most co:monly is assumed to measure the d:.scounted stream of

returns to capltal However, it is- ea.sy to show that double-decllnlng

balance deprec:.a.tlon 1mp11citly assumes very unrealistic t:.me vatterns:
of re‘bu.rns to capitel. For example; if the income stream is discounted

a.t a continuous ra‘be of 104, then double-declining balence depreciation

impii‘es that an entrepreneur purchasing a eebital asset with a service

.l_ife of 10 years ex_pecfs a decliningv stream of returns over fhe life of

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

end & continuously increasing stream for any asset with a service vli_fe ’

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

indefensible! Rather than assume a particular pattern for the present
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""':“‘-'value of the stream of proﬁts, it seems sa.fer to simply assume & pa.ttern"

; to the strea.m of prof:.ts. ’!.‘he Economc Research Service ha.s J.mplemented )
this latter type of. ana.'.Lvs1s a.nd a:oplied i’c to ca.plta.l form.a.tion in the |

| : -food and k:.ndred products mdus’cry (Howe, Handy, a.nd Tra.ub)

Based on the above conszderat:.ons, e can rea.ch some conclusions as c

-to the o'otma.l aoproach for mea.suring produc’clvlty for the food a.nd flberf:‘

R systan and 1ts conmonents. At th:l.s ‘!:ime the I/O approach seemingly ha.s

| ‘the most to offer for es‘babllsh:x.ng ’ooth benchm.a.rk measv.res of’ produc- o

' ._ t’f.ﬁty .and» benchmark &ef:.mt:.ons of"the:food and' f:.'ber sec‘bor. As noted -

.’the use of I/O does involve some strong assumptlons. However, the :
| va.lich*'y of any methodology will depend on & def:.n:.tlon of the food and
Vﬁber sector, and we ca.n conce:.ve of no sector defim+1on wh.:.ch is valid
for productlnty purposes. and whlch does not use I/O. Hence any methodo-
1ogy will rely on I/0 assumptions. - |
Hulten's aggregation theorem (on. aggrega.tlng Rls) shculd be extended
to handle the problems dlscussed above a.nd used to 1ntemola.te between

I/O vear.



'Eric c. Howe is a.n economist mth ‘che Economc Research Serv'lce, U.S.: e
epartment of Agrlculture, Wa.shmgton, D.v c. a.nd a student at the

':-.Economlc Resee.rch Semce, U S Depaztment of Ag‘lculture, statloned in

: .' y See Ga.le, pp. 132-133. “ Gossl:mg a.na.}.yzes the related question of how e
o '_mch agc:.cult‘ure would haw}e to p'u:rchase of ea.ch of the other industrles
in order to be i‘ul_‘l.y integrated on the immt s:Lde. (Gossl:.ng, 1972, pp.
15-29, 1.65-179) Conceptually there is llttle trouble exbending Goss.u.ng s B
: me’chod to a.rrive a.t Ge.le s.~ c | o | | V
2 _/ We tha.m; Dr. Fulten for ymsolon to c:.te h.s prel_.mlnary report.

1 : ‘. _‘ _/ Jorgenson and Gnhches have defended thls nractlce ‘by assert:.ng, m.th
nelthe.r c1ta.tlon nor proof thau the dls unbutlon of repla.cements . »
a.pproaches a constant f‘ractlon of the camtal stock for a.ny sumval

-bcurve and for any 1n1t1al age dlstrlbutlon of caplta* (Jorgenson and.

Gri'liches, p. 225). S_:.nce investment jfluctuates mth substantla.l random

- and non;randoni. eomonenfs 5 __‘;‘.{:‘, seens unlikely that this assertion is true.

- _:ﬁnivm*s:x.ty of Ma.ryla.nd Cha.rles R. Ha.miy is a.n a.gncnltm-al economist o



S vngtga_@_cgsl

: B Ca:rlin, Thomas A. a.nd Char’es R. Eand;y, "Concepts of the Agricultura.l

e Economy a.nd Economc Accmmtlng Amer. J. Agr. Econ. s 56 (19724-) 9614-
Coen, R. M.,' "Investment Bézavior, The *4easuranent of Deprecia.tion, and ._:i

m Policy" Am, Econ. Ew., 65 (1975) 59-714»

: Dovring, F‘, Product:.v:.ty o Labor in Agr cultural Production, Um.versn.ty

| of nl.'l.no:.s College of Agricul"ure, Ag:lcultura.l Experiment Sta.tion, :
Bulle‘bin 726 Urba.na., Dllno:.s, Seyteznber, 1967.

| Dyer, D.,‘ "leestock Ca.p:.tal Formation A Prelmlna.ry n.stma.tlon; " present-.
ed pa.per, Westem Agrlcul’ural .,conomcs Assoc:.a.t:.on Hee’clng, 1975

Fritsch, Com-ad,' et a_'L,’ Tasx Force Rerport:" A Working Definition of the

Food and Fiber System, wpublished, USDA/ERS, May, 1975.

' Gale, Hazen F., '_'Industrj{ Cztput, Labor Input, Value Added, and Produc-

tivity Associated With Food Expenditures," Ag. Eccn. Research, 20
(1968): 113-133.

, and Thomas R. Van Horn, "Labor Productivity in

Food Distribution” ,‘ Marketing and Transportation Situation, USDA, ERS,
MIS - 168, February 1568.

~ Gossling, W. F., Productivity Trends in A Sectoral Macro-economic Model,

London: Input-Output Publishing Co., 1972.

, A New Econcmic Model of Structural Change in U.S.

Agriculture and Supporting Industries, unpublished Fh.D thesis,

University of Illinois 1984, »



o 'R‘eferences-"

| Gossling, W. F., and Dcvring, F., La.hor Productivity Measuranent- "The :
Use of Subsystems iu the Zntermdustry Approach and Some Appro:d.ma.-i '

ting Alternatives " J . of 'ﬁ’arm Vcon.. ’4—8 (1966)

Ha.ndy, C. R., a.nd Pfa.ff, M., Consmar Satlsfa.ction Wz.th Food Products

And Ma.rket:.ng Servzces," ssm, ERS AER No. 281, zvia.rch 1975

' _ Borring, J. s Concepts of Proﬂuctivitj Measurement in- Agriculture on A
Na.‘biona.l Sca.le, O E C. D Bocumentation In. Food a.nd Agr:.culture, No. 57,
0. E.C. D., Paris, 1961. | '

' »Howe, E. C., Ha.ndy, c. R., and Traub, L. G., In Sea.rch of An Industry

Ca.plta.l Stock Work:.ng Papers, USDA/ ERS, 1975. »
Jorgenson, D. W. > Gr::.l:.ches , Z., "The Explanation of Product:w:.ty Cha.nge," "

The Review of ’»"conom.c st uﬁles, 35 (1967) 211-9—482

Hulten , Charles R., "Grovth»Acc:ovnntlngy With Intermediate Inputs,"' Working
Papers in Economics, Johns Hopkins U., Septezﬁber‘l97h

Kendrick J. W., Postwar P*oduetlnty ’I‘rends in The Unlted a{:es, 1948~ |

_%9 N. Y. NBER, 1973,

, Productivity Trends in The United States, Princeton,

- Princeton University Press, 1961.

Loomis, R. A., and G. T. Barton; Productivity of Agriculture; United States
1870-1958, Tech. Bul. 1238, 1961. |
‘Mendelowitz, A. I. > "The Measurement of Economic Depreciation", 1970 Proc.
Amer. Stat. Assn., Bus, Econ. Stat. Sec. s Washington 1971: 140-148, v
Rymes, T. K., "The Measurement of Capital and Total Factor Productivity,” -

Rev. of Inc, and Wealth 18 {1972): 79-103.

/"

>
?



' -”ﬁiR’efefrences_' :

Solcw, R H. ,'. "Technical Cha.nge and the Acg'ecaoe Production Function," .

Rev. of Econ. a.nd Stat 39 (1057) 312-320

SR Upchurch M. L., "Toward a Better System of" Data for the Food and Fiber

" Industry," Aner. J’. Agr Econ., 56 (197&) 635-637.

*U.S. epa.r‘tment of Aglcultm:e, The Food and ‘Fiber S"stem --How It Works y

’ Econ. Res. Ser Agr. Info. Bul. 383, Maz'ch 1975

U.S. Dep‘l: of COmmerce, "In'cut-OLrbpu’c Struc‘tue of ’che U.S. Economy:

1967," S’Lu'vey of Current ‘Rus:mess, Sk (197h): 214-56

’U.S. Dept. of Labor, Indexes of Ou ut Per "an-?{our, B.L. S., B‘ul 1827, -

197h.

Waldorf, William H. and Hazen F. Gale, Output Per Man-Hour in Distributing

Foods of Farm Origin, USDA, Tech. Bul. 1335, April 1965.

-Walters, Forest E., "Impact of Changing Structure of The Food Industries

on Food Supply and Price,” Amer. J. Agr. Eeom. 57 (1957): 188-195.



