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Optimum Size of Dairy P1an:hs 

Survivor Arihlysis 

As·applied·to manufactur:i,t:i,g plan'½s, optimum size;9onlmonlrrefers<to 

the range in volume of production for whichav~rage total costs, as de­

picted . by the industry's . long.:run pl~ni.ng curve, · are at a; m,:i,nimum (Bain, 

p. 53). Knowledge of fhe range in optimum size in. an industry is impo)J,,,. 

tant information to those concerned about either a segment or the 

··. of that industry • 

.. Various procedures have been used to determine optimum size.. These 

include economic-enf;:i.heerin&:.,stu<:lies · (Frenqp., SaIDill~i;;, and 13ressl,er), cost 

studies of existing plants {l'ratteri ru:i:d Dean, 'P• 21), and survivor analysis 

(Stigler; Saving). .Markov ch~in .. analysis also has been used to project 

the;i:i~;ttte sl
0

z: d.i stri buti<Jn of plants, and thus indirectly to indicate op­
r 

timum size (Judge and-Swanson). 
; . 

Enilneer:i.ng studies are comparatively e:iq:iensive (Frerich, Sammet and 

Bressler, pp. 70-79) and may not take into account all factors in the 
. . 

environment 1n which plants operate (Saving, p. · 522;. Sosnick, pp. 92--93). 

;Heterogeneity•of products and of 'operating cohditionS, differences•. in age 

and in the basis of valuation of physical assets,tne operation of many 

plants at below their optimumVolumes, and other problems make it imprac-, 
tical to determine the dimensions Of the industry'$ long-run planning curve 

by plant-cost surveys (Smith, pp. 216-220; .Johnston, pp. 186-194). Markov 

chain analys,is requires know-ledge of what happens to each plant :from period 

to period. (Judge and Swam,on~ p. 17) •· Mqreover, as it commonly has been 
. . ' . 

used, Ma;rkov analysis has been.based_ upon the rather restrictive assumption 

· · that transition proba'b:i.liti~s Temain constant over time. 



i' . ' 

.has sug~ested a modification 

liabl,~•.reslll ts ,X"the need for this mod:i.fic~t.ion £,\1rthar complic.ates use 

of.:z't,hat,tec);lnlque. 

The survi;vor technique, by comparison,· is a relatively simple means of 
,, 

estimatipg op:t:,imum.· ,size. The technig_ue as described by Stigler rests upon 
,,.,. . '.: '. ,·,·,. . ' '. -·' ,,_. ,.~': ' ' , _,-. ''.'{ : ', . ,, 

the hypo:hesis thatnthe competition of different sizes of firms [or 

pl~tsJ sifts out the more ~fficient enterprises'' (p. 55}. J:f the proportion 

of industry otitiut'.by firms or plarits of a specified size1 decreases over 

a period of time, firms or plants of that size are ptesumed to ibe·(compara~ 

tively inefficient. On< the o;ther hand, a size category that maintains or 

proportion of industry output is presumed to be'of optimum 

. -,_ . ·, 

.. ·,,:_._· . . :··· .. 

of ~ome firms.may.be influenced.by their ability to exercise 

power, to exploit monopsonistic positions in local labor markets, 

I 
inexpensJvefamilylabor, or even to circumvent the law.• For reasons 

' ' 

sllch as tJtese, · survivor anc1.;tysis may be +ndre suitably applied to determination 

optiml.ltll size of plants than bf firms (Weiss, pp. 246-247; Mead, p. 12). 
. '•• '•,. . 

The purpose>of this analysis was toap:vraise the potential usefulness 

of the surVival technique as an :i.ndic.ator of optimum size of dairy manu­

f1,i.ctuting plc1.nts. , ,Optim'!:1111 size was determined .by the sur:vival techn:iqu~ for 

the. various dai;ry .ma.m.,1facturing industries at time periods for .which informa­

tion was available. ···· To the fullest extent practicable, the most recent 

these. festilts were then,>c(?.ropared with findings of the latest economic..,. 

studies of red{tionships between volume and unit cost·s tn those 



. ( 

Data Used · 

.· 'l'he J!.pplicat'ion of'. s~;r~o;- ana;I,fsnt consider:~aiY11ere <isc bas'ed \ipon < 
infor~at:(bn a't;l,put(nunil.)~;rs. of ,~48.J.!Y man~facturirig;irlni·frs !t ,by s~ze.,?:gr;oupsf 

···reporte.d in .four·u.s.n~A~.··public:~tlons {coJa.~n .and.'.Trelogan; u.~~'• -.Depaft'."" 

.. · .. fuetit .. of Ag;rlcul ture' 1959' '196·5 '· 1914 ). ·.••· Th~. d~ti·,originate ;in,:.reports ...•. 

of . ~roduction by firms •which ;anu~ac~ure. da,iry products · to .. , the Statistical 
·. .·.·· .. ,. .. : . :-·. ·.. ' 

: Reportfng SE?r.vice (S.R.S.} •. · . 

- ,C:_: · S.R.cS~ re;ort~ prod~;tion and numbers. of manufacturing units sepa'.""i-· 

•·· .. •ratelyc,.fo~ .eaGh type;;,of",product.·. I~\\this ahalysisfeach· unit man.,y;,:f.acturing-.. . . . . ~ . ,. 

a p:rodµct is treated as a ";lan~,. II . This pioceciure' to wh:ich. there. is n~/ 
• .. ::·,; I'~· . • ·.. '. • ... • ~· ·. • . ' :.<:• ."·;·• . : . . I~, . - ."· . _-• . .. • . . . 

;· . -· . :_. ;~ .. ·::·.. . . 
.·. f~Etsible"~lternati;;/disregatds ,the fact that tvro or more. manufactur'ed. 

~ . ,~, . ' 

ida.i~productsare p.roduced in some plants; and that some products such 

as· cottage cheese, ic.e cream, and but:ber are- :)?rbduced., i~ some cases in 
·, .• -relatively.small vo{1lllles·, i~ s~e pl~~ts priinarilyd~voted to. processing· 

and packaging fltiid milk •. · ior each pro~uct the analysis th;;s involves nianu~ > 
.· f'acturi.ng operatf'~ris -which ran{!;e;',,from> specialized . sirigle--produ;t "plant,s to 

parts of multiproduct op_erations. •······ There. is no adequate basis for. de'termining . 

what, :if any; relationship existe·d during years to whic~ the data app1y be--
\._, 

'twee11, degree of' plant . Spe~ializ?itiqn:~n.d vo:I,1.link qf output of a. particular 
: . . . ,, . ,'. . .. , . . . ;, . . ' . ~ ' . . . 

\'p~oduct ... ··In 1961 the:Sbulk of; the ptod~c_tion o; 1butte; ahd nonfat drfmilk 

,was ·1n butter--powder. plants,· and of American chee~e. and evaporated .milk was 

·.· ~; ·sp~~ia~ized plants (Will±'3.m£-, et aL, pp·. :138-143). . No Jnatter :what the '. 
. . ·_. · ..... ::·/.· .. · :, . . ; 

situation in the _ye:ars tb :which ipu:r:-_da:ta apply, the trends in ~arviv:a.l: .·· 

noted in°thi-~·applicatiori pb~•sibly ha~e .. been i"J1fluenced -t,o a.rt 
.. ·. . .. •' . ·, . . . . . . .. . . . 



-.·, 
. ·,.,. -·• ;. 

·.· .. . :_ ~ --

:·. ,· -. <· ', . . :;::,:- 4·.-_·· . 
. . . . 

·Application of t'be Techriigue .. · 

.American .Chee,~e 

· __ .\· 'Tlte,'use of. $µrvlvor anJ~,l;~is to.;;,indicate opt:f,m~ 

trated with data from the American. cheese indu~try.2 

..-... ··_ ··_.: 

size .. _may 'be f1J.us- -
.. . . -. 

. in terms of. ·annual 

pr.oduction,-.Iliininmm opi;imWJI si:ze )l.o~pled·-.f;o~ 750,·ooo pour,ids •_in.·_1957 to 

·.·, l. 5 milliori pounds' in '1963, th~n doubled -ag~in to 3.0 million pounds in 
• .. ·. . . . ' . . : . . . 

.. . 1972 (Table; l). If the group interv~ls iri tb,e freq~ency distrib\ltion had .. 
·.. . ·.- ·. :, --•.,,' ,,.. . · .. ·•, . . ·-··· ..... • , ' ,. . . , 

been.· narrower, minim~ optimum· size ihown by this technique -might have _ . 

been above_ th~?3~0 million pound level in,1972~ · The change~ in t~es~ -_. 
·, 

size distributions.-pf .. America.n_::c.he.~,se plants ~eflect the shift b~tween · ·- .· -. "". ·. ._.-,,.- ,----'./ ··>_;..;,.t-'(:-.·· .. !.'}\ .... !'.\(· -· . ·. . . . . . .• .. . 

. •. .. .. '. . . . ; .. ·. 

proces·sing·;operatio~s to a~ :industry in. which much of·. the pr~~uction was 
.· : . .,.-":~- ·,_ ,.-._-. -· .·- \,.;•f-;• ',.:,.-. ····,:.:-.. ·," ··; 

.. in la.rg~, h'ighly -m~c!1a11ized establishinentf;i {Mille~) •. 

: Since the analysis -deals w:ith_:.~ indust!_"y using a cqm~aratively . 

•. homogeneous raw mat if ial t~~t is ~daptab].e to flow prOcesses, a. hi~h level 
.. ': '1,.. _c:-:', • •. -· ·•. • . ., .,,. . · · !", • 

- - ·· of' mechanization is, possible. C~ns~eqi.tently, during the pe,rio~ linder 

.·_ ·-_. e.nalysJs there was no tndicati~n of ,::an upp~r 0limi t t6 optimum size. ' 

A recent economic2¢tjg'irt~~-fi.rlg stua:f ~f cl'J:edc1ar cheese production em­

.. ·· . phasized the cost advantage of large volum~· and, like, our analysis,- did 

n9t indicate any µ~per limit to<optJmµni si:z:e / Lilwa.11- and HJ;lllll!lond in ·1970 . 

pointed 'out (p~ · 15) that ".~.plants :proce,S·$.ing l.es;s than 500~0:00. pounds or" ._ .•.. 
. . . ,· ' : . :· .·. . . . . . . . 

milk a. day at· -the pe.ak·',ar~•<,at a considerable cost disadv.ant~e, compai"ed< 
. . . ' . . . . 

' . . 

·., .. ·, : : . ' ·, . . . _··. ,, : ,, ._· .. ' . . . .. ' '._·· ·. . . . . . . .' · .. · . ·• ' ,,, . ' .. ' . ' 

. with ,larger pla~ts, .;r'egardle$'S of· thec .. ·technqlogy chose-n ... ·•·- They showed _.· ... - ... _.' . ·"" ..... · ·. . ·- ... . . . ' ·. _.-.-, - . 

: • ·:- ••• -•;:.:-·,::· ·.... -; .. ::/{:.\_-_,... • .. :_ •• • ··: ••• ,.~-. _·., ... •• • , • < • • - • • • • ; 

. . that with some technologies costs corttinue>to decline with larger.volume 
' . . 

,• , ·. :· ... 

. to.::le,;e\~::-~~;~Bt~,m~{f ?:lY:i larger . than 50(),DOO~p9-unds--per-day ;peak . inta,ke ;' . 

. vhich f$ · eqt1iy~ihnt to. a::~~~ ,cheese pro,ductiol1 of ~bo~t 15 mi~l~o~ p~un~;'_' 



. . . 

~nd procedures. similar to those. described >·for American 

cheese, ppt~:rm.un siz.~, also was estimated for other manufactured dairy .pro­
.. . 3 

ducts. As with American cheese,·increases in minimum optimum plant size 
. . 

occur-red in most of these other industries (Table 2). Moreover as in ,. . . 

economic-engineering studies, no clear indication was .found in any of 

·these industries of an upper limit to optimum size. 

The ~6rtiat <a.ry milk and evaporated milk industries were exceptions to · 

the general rule. Nearly all nqnfat dry milk manufacturing operations were 

established during or since World War II and·. use relatively· modern tech-

Accordiri~ly, substitution of capital''fo~ labor with consequent 

' increases in optimum size of plant have not.occurredinproduction of non-

··rat dry milk to anything like t1,1e extent they have in .. the production of 

and butter •. The decline in minimum. optimum size of evaporated milk 

and 1972 was associated with a decline of approximately 

percent in,industry Olltput. Despite a corresponding decline in number 

plants, those producing 55 million or more pounds of product annually 

barelymaintained their share of industryoutput,.whilE: the share of in­

dustry output of plants pz:oducing 45.0-54.999 million pounds increased 

shar:ply-. \ 
. . . 

With .these other industries, as with American cheese, detailed cost 

studies support the findings of this analysis. For example, a recent study 

of milk assembly an4,p_rocessing costs in the butter..:dry !!).ilk industry in 

Minnesota. shoW"ed that at all four levels of milk~supply density considered, 

t'tl.e .sum of a9sen~bly and processing costs per hundredweight of milk de- . 

clined sh~ply upto volumes of 250 million or more,poun~s 



/. 

<" •• ,· •• •• : .' 

an.d th,en ~·.· del?ending ··m:i the i:lensi ty of supplies·~·.· either .. we;e ·.· :relativ~ly: . 
. '/"~'- --~·"·f 

stabJ_e•; or: declinEid slig:titly 9ver a w.id~' additional :t~nge in vrihune (Nolte 
·;.,.'"":;·.'·. : __ ... ;·-· ~ "· ... ·._.. · , .-/i'f -···:·-~· .>'?':r~---- . . :,,i·•,_.~t~:-._.'~lf' ·,.._.,::·.·· ·-'>-> .--.. 

. ·, '\\y<~tKol,leI"),, Th~/a,uthors C!Qncl14~~d1!1,,~t~ral~;si:sliouiii,~e thinking .dn·.,·· 

,, :teiI!lS of processing plants: and as,sembly: ~e.as w-ith ;~ll.nne of 'aoo million 

.pounds of" milk. or more 

sembly .and processing~' 
:.a.( ... 11 .. , .. ·.!.,o· el·.·. ·t:~e:. ·• .. ·ai ..• nfdthK·•··o~Yl,l}we:r.Em,tp··••.p.,.,·g·::2;.m8·.·.i)~~•e the 

11 • :/ihi·s: is· 

'cost ' o,f as..: ' 

a volume of :,, . 

··• · milk that will produce roughly 14 million po~ds of blltte~ and 25 milJ,J'on 
.· ,'."'_-_£,··· · .. · . 

po~ds of ,nonfat dry milk. annually.· · B6l~;,tih\a.ri';s,j{~iys:l~ • ot ec6hom:i.e~:, ....... · · 

·of.sca,ie .. ··ini e;aporateo..milk .plants(Mhich 'did. not. cor,isider,'mill(.colle~i.io~. 

a.nd'.cppqq.uct •·distributioli. cost~) ... shoyec]>tp.at · costs de~lirted with i:ticreasing 

·volum~'.~iitp to a.:ppro~imately 40 million pocila's''.annµe.lly, the :1arges:t plant 
. .. ' . . - . 

-syntllesizea' (pp •. 694 ... 697). • Other studies ?,:i:~ shown e~onomies of scale _.·.· 
.• ,. : . ' ' . / ~ . 

· in the manlifacture of ice. efeatn: and· o:f' cottage .ch~ese ·over \~11 of, the, 
' . ., . . , . ., ' . . . . : . : '.- ' .. , ..... ~~~<,- .. : . 1:·· . . . . . . .. , .. ' 

i . ljmited voliune -ranges examitie.d ('l'aylor, ie.;tlett and French;_ ·~iU~r and 
.. ·. : . ' ·',' .. 

However:,. b;cau_~e these .sttidiefl wefe'1n¢e Jn(:the late l95O's and 

· ', -- 'early· J.960 1,s,~ and dran1atic{,chahges''have occurredlsi~~e ·then, t_hose ranges> 

-did not. exteild upward :as tar as. the l~;els' of ~inimum optimum size. found ... 
. ,· ~ . . . 

· in this analysis. ·•·· I .·· .. 

. . .:r.·. 
. · ExJ?er'ienC~·•:Of the 

. Lllili tat±~ni ,: ·. · · · · · •. · 

authors with' iohis techµi quefsU!l!les:ts ~~at ;,ever..;_ . 

· f'ac.tors may Ei.ff ect the reliab:i:li ty. of res1.1l ts. . These lnclude: 

' ·.·· l ~. .·,. :La.gs in· .. adj u:~tm:ent . '' Lil wa.:Ll and Itrunmqnd I s ' find;in1,ss~ ~i th respect -

· to American ¢h~e-se.:.:--and thl,f a:c:t , that 11 pla.nts<wi tlil ruuiu~l prod.ifction of . . ·. ' . . .· . . . . . .... . . ·. . . . _. ,_::_..: .... ".-~ . . >~?~ -·: ~ . ' ... -~--. . 

. '2Er~illicm pound~ .or' ~ore, ~nd· an. av;:rtt-or·mot~ 'th~ 30 million ·pound$.< . 
•· . . . . ..... 

for ~ore than, Oll~;~fifth ~f th~ 



' J:,_. 

Department•i of Agricii.l ture, 1974, 
. .,·.,., ... -·-'" ·,! .. , ';.- .. -_;, _,,·, ,.,-. ,o.·· ' 

terpret the 3.o Ji{{ion-;ound\minimµm q,pt}mum s:fize . .fo.r Arrieric:an ·• ~he.ese in-· 

·. dicated by survivor analysis for 197:2_< Tha.t.mininium.,,s.ign*:fies only that in 

thi{nine;...year period ended in.1972fAmerican .. chee.se manufactur:ing ope:rat1qns . 
; ,' . , ... . . ·: ···:,: ,,._ ' '·"' '•,': . . . . •., . ..:,-, ' 

with annual. output of 3.0 million pounds or more maintained or increased 

their<proportion of total Americeyn _ch,~ese production. As i,s·. noted later, 

~;'(~e period ari~lyzed had been shorter than nine· years, Qr i:f the groups in 

that portion of the frequency dist:r-i bution . h·ad been n~rower, the. indicated 

min,imum, might have been somewhat h:igher. 

More important, ho~ever, we are ~onsi derin:g an ind4stry in a ;peripd 

of drastic change. Among p:tants buiJ.:t at recent price levels, large opera-

tions have a distinct economic a.dvE!Atage, and as new.or remodeled facilities 

a.re constructed the industry is adj'µsting to that situation.. But, because 

the proc.ess ot,:peplaci?g old with new;;fa.cilities >takes time 11 there is a 

lag in adjustment which .is reflected· in the findings. of survivor analysis. 

Because+of this, even if there are no/further developments in production 
.,... ,-_· :,- ., ' ' ' •.: ' . 

tecb~i~ues, survivor anaiysff;.WOUld b~,expected to.show further increases 

,in minimum optimum size in the future a.s data for later years become available. 
I 

Pa.rtly for the reason which lras jµst beeri{diE;cussed with respect to 
0. . . :·_· . 

A!neri6ari 6heese, so also in each other industry in which recent economic-
,-

~ngineering studies have ';been made (which exclude$ evaporatea milk, ice cream, 

and,cottage cheese [Boles; Taylor, Bartlett, .. and French; Mfl;lef and Gra.f]}, 

minimum optimum size .as determined by s,urvivo.r analysis was smaller than the 

. ' ' ... 
vol:ume ~t which minimum average cost.$, are shown on tb.a.t industry's long .run 

. . . 

planning curve in the pertinetit engineering sutdy~ This .fag J.n adjustment 

involve relatJve;J.y little d.fsadvanta~e to plants operating; in that portion of .· 

planning curve in which unit costs decline gradually 

increases. 
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Moreover, some of the apparent lag in ·adjustment mayref+ect con;_ 

tinuing profitable operation of moder~tely large .plants~ After 'a period 

of ·sharply. increasi,Ilg priees, lower leyels of c,apitalization could help 

to account, for the continuing competitiveness of moderately large plants 

built befor;e the rise in r,rices .• ··· F'ac'.il.itie·s constructed when building~ 

and equipment involved smaller capital investments have much low~r fixed 
·-,.·_.'.·'. 

costs than plants of simi;t.ar c~pacity constru(!ted at recent price levels • 

. This advantage, which is. not :taken into account by economic-engineering 
"• 

studies, may contribute .· 

While such plants are in op¢ration, their comparatively small fixed costs, 

and consequent ability to remain: competitive,· i:;; a factor to which s~vivor 

analysis is sensitive. 
,\ 

2~'- Characteristics of the frequency distribution. The width of the 
. . . . . . 

. · group intervals influences the precision of :findings .. Very wi-de group 

·intervals reduce precision. This ef'fect is intensified if there is a wide• 

· open-end gr'oup at the top of the distribution; particularly if without 

.,indication of the total volum~ of 'production of plants in that group. We 

found it necessary, for American cheese.and several other dairy industries, 
:-.·. . ·. . · .. 

·to estimate the. b~eakdown oftbe to~ group for 1963 in order to approximate 

.· minimum dptimum size by l-972 ~ore .:;:e.~:i,J:i-tic.a,J.ly~ f;L~.s. improved the re­

porting of .data for 1972 by carrying,,th:e frequency distributions to higher 

levels and also by reporting tot-al production ofplan,ts.inth.e t0:p open-end 

groups. 

Analysis is most practical in ind.ustries composed of la.fie numbers of 

'plants. Very .narrow group. intervals in a distributioll.'of a limited num-
, .. ~;'-.·.•,-·· 

ber of plants· may lead to ~ome confusion as to trends in minimum optimum 



.. ·. ,_.. .,· . 
··, 

9 ... 
'·•·: 
·' . 

. size/ It ·mat be·possibie to>overcol!l~t/~hi~ probi~m:l)y:¢oipibinirig. gro\lpS. 
' ?.,.'.;,;_:• .. ,. 

:. ' . . ·, . . . . .. -.-: .. '· .": :· ·_;.,.: . i ., ·. . .. . :f.it . . . . . •. . . ·.· ·, . ~; ..... ; · .. ' . -: .. . .: . . .: . ' : .· 

·•:\•'Jfua~~yer the chaj-actej:,istic~ of tlie freq~nc;y'distrivutio~, it. is.htgl;\~Y ....... ·.·. 

· des;~fa.ble that, (Sxc~p:i:; for the specification of ·new ~roup inter:vajLs ~t 
. :·,:·1t,\·,;.,-'·., ":_. . . ·. ·. ~ . . ... ~ .:·.,_ ,' .·· .·.. . . ~ : .,. . :· .· . ·.:. ·_ . . . . . . . . .- ... · . .·· , ... ::_. ··_ 

the.'top ~f the distribution af3 pla.'nts beo.ome larger, /grqµp inte:rvals be . 

. · ·• ·• lµlif ohtl i4>all repoits·. 

3. Degi~e of s;eecfalizatiori of the industry .. · Obvi,ously, the m6re 
. . ' 

specialized :the plants in/the 'ind~f3t:cy, the more ;I.Jk,~.'.l,y tt.·. is that the 

.· a.ti~;·enii;t}J·;df!;fa.n Optimum size reflect efficie:ncie~4I1 production of 

·.· relatively: homogeneous produc,ts• rathel' th~:i-.· dev~a.o:i;m1ents which •di;rectlY'. · .· 

or indirec.tl.y are J~fl ~encei by pr6duction J)f. non~qmogene:011~ p;mfocts; 

dfJijf~ertt ti.!l~~~ runong p],ants with diff er~nt prodUGt mixes/ or the like •. ·. 

· .. ·.: .There was, however~. no evidence that the inclusion in··our ana.lysis of 

·:.some· ~µfact:uri11g 9pei'ations that' were -.parti ~f multiprod11ct plants sig-
·. <-.:A:: ,·:.? .. : <:. - ' 

: ·'nificantly difitprt~d ffnclings~ ' SimilarlY, Mead US·~9- ·sµr-ctivor ana.lys.is' 
. . . . . . 

.jJi'f.8.ppar~nt1y with.: de~endable results, in .ariEUyzing the Douglas F:tr- sawmiiling 
... · ... ·. ·. ·. ·-- . '. .· .. ·. 

indus:tl'l'.', w~ic4 iilc:tpdeq. ... "Qoth ··grade. recovery .and :d~eils·ion ':tnills {p. 18}. 

4~ ·· .. Reporting• interv~s. · More e~l~ghten~{ c~nc1~si~IlS m{ght be-
.. I . 

dr~wn it' '.ktmbers ,of ,plaftts by size grc,,ups. could. be determihed at relatiyely . 
.ez.-·.--;:1_} --~ . •.'· 

(· 

frequent and uniform time intervals rather than at longer and irregular. in-
·-,·· 

terya1s~ .\ In 4n~~~J:r~-e~Jn wlii~h optimum··~lant{i~:ze:;1s·::in~r,easin~,-,,,th7:· a;d~. 

· ..• ditio~a.1 data might7p:rovide :i.nsi~hts·. a~•·tq when and f·or,how·1-ong ·various·· 

intermediate ;fli,ze bategories wer~ in the rkise'.·~t', optimum J~lze. ··.·.··· v~1i~e ~h;:. . .. 

'b:'11' 01' o\ll' :ti.no··.·········p!.'.tin1 •.. t.·mfumt·:·.·.· ... ·•.··1.·s•;•.:ti··i·· .... ·.•.·zme:. ight sugg~st that uid~r•i9ine ~.o'n~itioris the Up->··•· .··•.··· .· 
w!r'd: trertl:l in• - stead.fly progressive· phenomenon without ' . 
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· 5) Comparatively normal conqitions.. Mead pQin~ed out that ·~n ;the: 

Do~eis Fir milf:;?s··:inq~$~r,:c, .•• survfJa).i,ap~~si~ .~.~ •the ,pe;,r.io~ ·. ·194l~5l would .. 

···•·· bave0,been .mea,ntngleis be6j~e the;·in~t~t:r;-y was :so Ptofitab1-e thl3.t. all; but 
-·.: ... · 

the completely. inept could survive and prosper>,;(pp. 12~13}. There i:s no.· .. 
,. in~~~a.tion,• that ··sµ~h:o,condit1:pns' ~isted in;o>any of the dairy industries 

-- .. :·,···· 

d~~ng. ~ubstan.tial ·portions _of the :periods .included in this a.milysis. '.. 
·conclu$ions 

···Iri :reasonably competitive, indtis~ri~'.s :in whicll tb,ere are ·relatively 

. . large .numbers,,of manufacturing plan;t~''producing c0m.paratiye1Y'.•homogeneous· .• 
•. .,;,;_,•'.:"• " • ' " C •C,a, ; • 

· produgts--as ,we:r;~ most o:f. those incluged · in this p~oJe.ct...;..;survivor.: analysis · , 

.• '. · appro~~ately ·,de;ineates ~he r~~J;:;:~?·~ptitnum. plant si,ze. ~. : In ~ndustr~es ... 

in. which~iopt;tmum s:ize is inc:reas'ing ,sµbstantia'.p'.y, over time, the lower 
':_ -··· '· --:· •. ·.'(!"_""'"·' ~- ·; 1,~~~, .. •," ·t:•".r . . . · . 

. •·· .. lirii!ts \e> ~p}i~~rsiie shown: by '.i~~i'vo:r anil:ts±s reflect s;me lag in ad­

.. just~ent •.. ·· Howeyer1 ·. survivor analysi,s.,, ll,ke r.ecent. ,ec.onpmic·-engin;ering 

.·.stud!es in .the.}Am.erican clJ,i~ese, butter/ and nonfat ,d~ milk in.dustries; 

. giv~s ~o indi~aiion that ~ri µpp~r:•lilllit ·to e,ptimum si~e ,has b~en :t-eached .in 
✓ 

those.· industries.•· .· .. · · 
:-i, 
.I' 

''.· ,The bounds' of optlniiim si.ze 'sh~wri~:by stirviv~r' analysis.,·are influenced 
.. · .. 

... ,l?;Y'all conditions a.ffecting~plant. ope;at:i.ons·,. ~)cternal as.·well a:s internal.·· 

·. As ··a. ,cqnsequence, thoee ··b~tinds wo\lJ.d. ~~'l;\·n~~es~arily ,.be, expected to' coincide 

. ex~ct; ~th that portion· of the .i,n~~~~t,~1',s long ~Utl p1aµnirig ::C\l!"Ve o~er 
.. ·.· ,, ;.,. · .... /':·. 

·. whi~H 'un:it costs ,abe lo~~t, 'though ·'8. h'.igh d'egree of :operatJngr~fficiencY ,·',, 
• < ,•:, ---~ i -~·. . 
'. ~-~- _. .. " :,, ... : .. 

.. pre~~ably :is esf;umtiai· to sur\i'ivaJ..:i. 
. . . . 

', , 

In indust,ries in whi,ch a subs:tant.,ial<dl:splaceme.rit of laboir bf capital ; 
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bias in the indicated minimum optimum size. However, in times like the 

pr~sent, following periods of.sharply rising prices, some of the apparent 

lag in adjustmeni;might reflect the continuing profitable operation of 

moderately large plants which have comparatively low fi2eed costs because 

their :facilities were constructedwhen capital investments W'ere lower. 

To the extent that this ma.y .be true, survivor analysis may more accurately 

reflect conditions respqnsible for the exis.ting industry organization in 

terms of plants than do economic_;engineering studies. The latter, however, 

obviously should guide the planning of new facilities which would be con­

structed at the higher price level. 

In our case, too long time periods and other deficiencies in the data • 

. may_ also hav.e contributed to some downward distortion :in the indicated mini-
-_,,, ' . . ' 

mum optimum size. Overall, our analysis suggests that in competitive in­

dustries survivor anaJ.ysis, as an indicator of optimum size of plants, may 

be more seriously limited by lags in adjustment in dynamic industries, and 

in this case by cleficiencies in the data, than by sensitivity to antisoc.ial 

market conditions. 
,, ,, 

To a realist, it may also be important that survivor analysis can be 

based. upon relatively unsophisticated information. Consequently, it can 

be used to estimate optimum size in situations in which it either is im-

possible, too expensive, or too time consuming to determine optimum size by 

other techniques. 



Footnotes 

nieasured, as it is in this analysis; by physical volume .. of 

In i~d1.t~tries in -whic:h technological change is rep!ff¢ing labor 

with equipment, use of numb~:r of .employees as an incl:i,.cator of' size, though 

perhaps the only alternative in some situations, may lead to confusing if 

not misleading reSUl ts. -

2The data for 1944, which were reported for slightly cliffer.ent class in-

. tervals, were adjusted to conform to the groupings used in later yea.rs. 

Likewise, for 1963 plants with production of 2~0 million pounds or more 

·were subdivided into three groups to permit more detailedconiparison of 

c·hanges between 1963 and 1972. The estimated breakdown was into 

_ groups. of 2. 000....:2. 999, 3'~ 000--4 .999, and 5. 000 or more million pounds anriual 

_production. In m.a,king the breakdown, estifuated_total production in groups· 
. . .·•· . •.... . ..... 

with defined intervals was subtriicted from reported t_otal American cheese 

produc:tion in 1963. · Average production of all plants in groups with de~ 

fined limits was. assumed to 'be at the midpoint ·of their respective group · 

intervals. The validity of this assumptfOn•was tested with data for 1972, 
. . . 

when aggregate output of plants in the top, open....:end group was reported. -

For seven d,a.iry products (American, Swiss, Italian, and creamed cottage 
. ' 

· .cheese, butter, evaporated and condensed milk [case goods}, and ice cream} 

· total prdduction in 1972 was overestimated 2~6 percent /by use of that pro--
. . 

_cedute. Although this suggests thatvoiume assigned to the top, open-end 

group. ill 1963 by the.indicated procedur~ was slightly underestimated, the 

is too small to bias conclusi.ons if minor differences in those es..;,; 

significant. 

The estimated 1963 Volume of plants 

or more .was, distributed 
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successive estimates by trial and error. Three constraints (total num-

ber of plants, 'total volume of· production, and estimated sha.P:e of that 

pot~ioll of the' frequency di~"tribution curve) closely limi,tec:l the number 

of acceptable 'estimates. The estimate which subjectively appeai:ed best 

to describe the difltributionwas used, but the distributions described 

by all estlll1,_ates which app~ared to be acceptable were taken into aceount 

,,- in drawing conclusfons that depended upon the estimated breakdown. 
3 . .· 
Data f'or 1944 ;:were.available only f'or American cheese and creamery butter. 

4 ' ' ' . ... . . 0 ' •• 

The objection that survivor analysis, as a measure of optimum size of 

firm, may reflect.the consequences of socially unwanted cond:i:tio:ns, is 

most applicable to noncompetitive situations (We;i.ss, p. 246} •. That 
. . ' 

obJec"tion, as has been noted by Weiss, p. 247, and Mea,d, p. 12, carries 

much_iess -w-eight w:qen aJ;>plied to plants than to firms, and iri inq,ustries 

as competitive as are. most of the dairy manufacturing industries. 

\ 
\ 

l. 

-

) 

\, 
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Ta't>le H fyppdttton,br 'rotai Proiiuc;tion ol Ani~rican Cheese by Plant .. 

! · Size Groups, United States., 1944, 1957, 1963, and 1972 

Annual cheese 
produftion 
per :p}a,.nt 

1t9ot>· pound.s 

Leis than 250 

250.- .499 

500 - 749 
L ·-. 

· 750- 999· 

1,499 

1,500 - 1,999 

2,999 

4,999 

5,000 o:r more 

All;planfs 

~7:(ft/ ,, 

27.7a/ 

· ta/ 15.o-. 

·. 'SPef,'cent 

.. 2.7 1 ■ 3 

10.5 5-3 

i4.3 

' 

8.8 

9.4 

15.2 

13.4 

13.GEl 

· 12. r).l . 
20.r)./ 

100.0 

.4 . -

1.2 

1.9. 

3.3 

6.2 

6~4 

11.5 

13.9 

55.2 

·100. 0 

frqm frequency distribution in even 100,000'-pound intervals. 
\ I ·• •• •, • , • 

b/Estimated b}'pr86~dute dJscribed fn footnote 1 of text •. 
. . . ~ ' . 

Ypercentages based on estimates of volume adjusted proportionately to 



. ,_. ~· . ,,., 
, .·•· .·.:··: . .. :_...,.. 

Table 2:. Minimum Optimum Sizes of Pa.icy Plants lsibetermined by.Survivor. 
Analysis, Uni~ed States, 1957, 1Q63, '.J972 ·· · · 

. ·•• Minj.nium- o 
, . .- . 

lan,t size 
Indust. . 1 ,7 

M:i,:l]J,bn. pounds . or gallons per year . 

American cheese 
( . 

. · Swiss cheese 

. ItaUan cheese 

Creamed cottage cheese 

Cre·amery butter 

~o~f~t, dry. milkg· 

Evaporated, condensed 
-whole milk ( case goods) 

I·ce cream 

1.0 

:----

------

1.5 

0.5 

2~0 

2~0 

.·.•·• 10.0 

. 55.o5" 

1.0 

· All products except, ice cream in million pounds. 

3.0 

3.# 
3.0 

4.o 
5.0 

10.oll: 

-.• . 

45.o§ 

. 2.0 

"j/ Between 1963 and 1972 the pro.portion of. industry output in one or two . 
groups bf smaller plants :lncreased ver-J slightly but. not signi:ficantly; 
changes for other ·groups in4icate4 that optimum plant size was as 
Shown.. .. 

_Spray and roller, for human food. 
. . . .· .. ·.:. ·. " . ·. . . . . •. ·'< · .. · ·. ·, . ) . . . 

Two or more size categories be.low estimated minimum optimum size increased· 
their. shares of industry output slightly during the time intervals _ending 
in both years, but the aggregate proportions of total output of these 
and other smaller plants declined considerably~ 

\, 
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