|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

- D346 !
- 40
- - I ——
Staff Paper #40 December 1980
Measurement and Forecasting of
Agricultural Productivity
' *
Robert D. Weaver
WAITE MEMORIAL BOOK COLLECTION
DEPARTMENT .OF AGRICULTURAL AND APPLIED ECONOMICS
232 CLASSROOM BFFICE BLDG.
1694 BUEORD AVENUE, UNIVERSITY OF MINNESQTA
. 8T. PAUL, MINNESGTA 55108
8
.
A



578 7Y
o D3/
1. Introduction | . SRR o ‘ééi)‘ o
vavfuture‘incféasés in the world-wide,demand for'food are to be
.satisfied:at‘socially écceﬁtable price.leVelé aﬁd in the absénce of a
triage systemAbased on ébility to»pay; thén the level of U.é. as well‘as
‘world supply of fdod must increase. ‘Furfhermore, if thesebobjectives are
fo bévmet consiétentlf ovei a continuum of harvests réther than under the
éxpécted gonditions of some iong-run equilibrium'planning-period,,then‘
tﬁe<timing_6f»suﬁply inCreasés is»alsoﬁcfitical.. The level of‘supply at
any point in time is afgued Bfleéonomists,;o dé§eﬁd upon.l) thé staté of
,téChnology Qr tecﬁnical knbwledgefemployed to pombine»resourées and 2)
the levels atkwhiéh resources are committed. it’follows that changes ih
'sﬁpply can only come from chaﬁges ih’thé‘technolog&‘employéd or iﬁ'the
~ levels 6f‘inpﬁt resources. | |
: The'natﬁfé‘of the téchndlogy'employed in produétidn?(applied
’ te¢thl0gy) must bevdistiﬁguished from the best‘practice technology known
at a ﬁoiht in time because new technplogyvis not instantaneouély diffused
thfougﬁout aﬁ economy. kChangéé in applied teéhnolbgy can- be argﬁéd to
; depend ﬁpon changes in thevratébétbwhich”new téchnical knéwledge‘diffuées
vtthe diffﬁsiod fatéj éﬁd/orioﬁ changes»iﬁ thevbésg practice ﬁechndlogy.
‘Thé‘diffusibn ratévdepénﬁs.upon'a éomplex setjof_SOCial, political,.
 ‘é¢dn§mic;as:well as physicéi iSsugs,at:both thé”prodﬁcer aﬁd the market
levels. The fate at>Which‘any new technoiogy will diffuse through‘an
 echomy w§uld Be'éxt?emely‘difficﬁlt to préd;cta ‘Any predicﬁion would
carfy'ﬁitﬁ it a largé riskJQf>eryor. Changes iﬁ tﬁe>best praétice
' JteCﬁnology likewise are highly unpredictabie.due ﬁo theif deﬁendence upon

~the serendipity of discovery and innovation as well as its coordination
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with needs. It is fair to conclude that a prediction that future changes
“ . in applied techﬁology will allow éupply to keep-paée with growthvin
demand would. carry with it a high risk of error. The objective of this .
paperfis to consider the problem of measurement and p;ediction of the
role of-chahges_in applied technology in‘changing product supply in-
agri;ulture» Altﬁough the explanation of applied ;echﬁiéal'éhangé could
bevbased upon a knowledge of or separate explanétion of innovation éffofﬁ
and diffusidn processgs ;he present»péper will focus only on measurement
of aﬁplied technical change and measurement of supply increases resultant
from changes in inputs whiéh arevunder direct control by'managers_ofﬁ~
. production. Here after, we drop the laﬁgl "applied" and use the briefer
labei'of only technical changg or productivity to mean changes invapplied
technology or abplied preductivity.

The relevance of the prediétability of technical change.and its
impact on sﬁpply for the management of agricultural'land can be seen if
.the r61e and predictability of the ieveis‘of resources.committe&‘to the
production of food are considered. Broadly speaking, these resources can
be élassified as eithervl) uncontfollgble by the productioﬁ manager over
ény duration of time, 6r exbgeneous iﬁputs, or 2) controllable within a
'shqrt period éf time; or.eﬁdogenéous inputs. Climate can be'placed
; within the formér categofy, while in the latter might be. placed inputs
: which depénding upon economic feasibility afe alloéated to the pfoduction
ofufood.v Obvioﬁsly,vif’a particular input'S'ayailability is so
festricted as to lead to non~price rationing then that input could also
b'bevtBOUght of as in ;he first category. This'possibility implies

marketed inputs would not necessarily fall into the endogeneous input



categOrj;_ By definition‘the‘changes inmuse of erogeneous inputs is
unpredictable,’ In contrast, changes in utilizatlon of endogeneous 1nputs
vdepend upon the 1nteraction of relatlve prices and the contrlbution of
hthe inputs to: increa51ng output. Forecasts of the growth in utilization
v:of these inputs depends upon forecasts of future relatlve prices as well
as the highly uncertain nature of technology which w1ll be employed in
the future.: Furthermore, the -ability to forecast utilization depends
upon the'input remainlng;endogeneousai The- experlence of the seventles
‘serves as ' a sufficient basis to conclude that future prlces and even .
,phys1cal availabllity of particular inputs cannot be predlcted With
»,certainty.

| Within th1s setting of uncertainty, the broadly clas31fied land B
l*lnput to agriculture could play an: 1mportant role. Whether 1nputs |
'derived from land resources are dlrect substitutes or complements for
':marketed 1nputs, they offer flex1billty in meetlng future needs.
Furthermore, the phy51cal and economic fea51b111ty of adoption of new
4technolog1es is conditioned by the nature of land resources avallable.
The conclu51on can be drawn that in the face of substantial uncertalnty
concerningwthe availability and’timing of the occurrence{andfadoption of
newntechnologiesras wellﬂas,rhe“gconomic'feasibility‘ofnenpanded'useioff‘
5hmarhetedfinputs,lthe*managementfof:land;resources providesfa formiof'r
-‘1nsurance that future demands can’ be met. Thus, while the present paperv
fhw1ll not address 1ssues of land management, it Wlll attempt to outline-i
the nature and‘sources of uncertainty characterizlng forecasts of changes
t;:in technology, and thereby, lend support for the importance of land

"managementlpolicyw'f




Perhaps the'greatesﬁ reflectiqn'of the uncertainty which
characterizes forecasts of future technical change is tﬁe diségreement
‘among the forecasts of researchers studying the problem. As indicators
of the level of technology these-studies‘focus on a variety of measﬁres
of the producti&ify of‘resourceé employe& in food produétion. The
' definition‘of the productivity measure which best indicates thevlevel-of‘
technology is itself a crucial issue in ﬁhe forecasting of téchnical
changé. Past studies have employed two @easurgs: ‘yield per’acre and
;otél factor productivity; The usefulness of each of these definitions
will be consideréd in more:  detail in thé next section. Evans [i980], and
Jensen [1978] have argued that biological limits are soon to be met if
the current process of changé in productivity is extrapolated.. Their
éése is based on the presumptions that.l)vthe contributions of past
genetic innovation, improved management practices; and increased use of
energy intensive inputs-have been largely exhausﬁed and 2) that thei
poteﬁtiél for future contributions from changes in.these categories'are
unlikely. An opposing view has been taken by Ruttan {1980] and Heady
'[1980] who have argued that past innovations have not even been
comﬁletely adobted in the U.S.. much less in LDC counties. In-addition,
they‘argue ﬁhat future gains in productivity can be expected to follow
' from research and developmént expenditures'just'as they have ih the past.
Lu énd.Quanée [1979] also emphésize»the impoftance §f research aﬁd
development expenditufes as fhe fuel for future imprdvements in
productivity. The debate appears to hinge upon the forecast of the
. return in increased productiviﬁy which is likely to result from continued

research and development expenditures. The pessimists believe no return



';.can be expected because of the ex1stence of blologlcal llmltS' ‘the

,voptlmlStS belleve those llmlts are 1llusionary.
2. Definitions and Measures of Technical Changes

t‘Z.l Reppesentatlon of the Effects of Technlcal Changev
on Production Functlons : :
bBefofe’proceeding to consider the measutement'or'
‘forecasting of technical change, it is useful to reulew essentlal
»‘definitions. The agrlcultural productlon process must be dlstlngulshed
‘from the tradltional manufacturlng process on two bases. 'Flrst, |
bagr1cultural processes typlcally result in multlple outputs. being
produced by-a~s1ngle;firm., In part, this results from attempts to fully
,iutillze’aveilable fesources and'fromveffortsvto reduce risk by
divetsificetion.s However; thete elsovexist physical benefitsrfrom
diuetsiflcetiou’which meen,thet:inputskemployedvin the production of»oue
output‘elso indirectly affect the'production of.otherboutputss(e;g. use
of pest1c1des) Economists label such production processes’asljoint.
Secondly, agrlcultural productlon relles and is affected by inputs which
‘are not underpthe’control of the production manager (or producer) such as
vvclimatic events,aand pest or weed lnfestations. >Iu order"tO:dlscuss
,coucepts»and meesurement of technological change, it‘isvnecessary tol
1ntroduce mathematlcal notatlon concernlno the relatlonshlp between
1nputs and outputs.‘ Given that the agrlcultural flrm employs a multltudexb
of_lnputs to produce‘a Va:iety of outputs,‘it is necessary'to employ a
genetali;etion‘of.thevtreditlonal siugleboutput productiOn fuuctiou used’
v’in miorOeconomlcs.l‘lo'desctibe the outputs -and luputs, the follouiugf

uectots Will‘be‘employedg'ﬂ‘



Y: 1 xm vector of outputs, indexed i= l,.t.m
X: 1 x n vector of 1nputs whlch are varlable in the
'._shortrrun, indexed by h=l,..n,e |
é:» 1 x p vectot of inputs Whichvare fixed.iﬁ'the
| she rt-run, ih@eiea r=l seeeDs 'end‘. |

'Z: a general vectotr of products, i.e.(Y¥:X:0).

Using this notation, the multiple'output,vmﬁltiple"input production
. funetidn; or more generally, the product transformatien function will be

written:

2.1) ¥, = G(Y,%;8)

wherevgvrepresentsrthe vector (Y ,..tY )
" Two approaches have been taken to spec1fy the way in whlch the
_;input—output relation is affected by technlcal change.; oolow [1959
e1962] and Salter [1960] have argued that technlcal change is typlcally )
ilncorporated or "embodied" in new products.(or,pew v1ntages‘of existing

products) and, therefore, the input-output relation is specific to the

v‘vintage of the inputs,involved( Technological chaﬁge'ean be embodied in’

' new capital goods or in quality improvements in other inputs such as

labor, pesticides or seeds. An alternative to the embodiment hypothesis

‘is'that»effdisembodiedvtechnical»chagger Thatvis; changes in the input—

. outﬁutvrelation result froﬁ changes in. the technique of combining inputs,
’tor,know-hdw. 1In agriculture, such changes would include’chahges in

" cultural practices such as spacing of plantsﬁorgtiming of,aCtivities.

Jorgenson [1966] notes that the,poseibility»of embedied'technicel’change .

vimplies that investment, research, and development expenditures represent



"poseible‘indicators of technicel change; Educetion-endrexpenditures-for
the dlssemlnatlon of 1nformation would play a role in foster1ng both
‘types of technlcalbchange., |
. Thekeffect of either form of technical chenge-cen be stated in'tetms‘

h‘Of instebility of’the functlonal form of the productftranstrmation
hfunctibn.- By the addltlon of a time eubscrlpt to the transformatlon
’“'funct1on to 1nd1cate that at an§ time t during the perlod of time T €T,
the functlon'G can be,thought‘of as,cond1t1oned:by,the existing state of
'knowledgehdenotedlby the,vector KH" Thet is, ,:v'

e . | . e
2_2):@Y1_t_ Gt(Yt’Xtv’et’KH), V.t TH .

' mhAs,ﬁritten; the functlonal reletion~betmeenpinputs,and:outputs in 2;2)
f:capturee~the essence.of‘the ergument presented;in the lntroduction;
hkbhangES‘invthe'lenels of outputs‘can occur as a resulthoffchenges‘inrthe )
'-level of technology employed as represented by the function G or ftom

pchanges in the levels of 1nputs (X 6 ) employed in productlon. By -
;pdeflnltlong 1nputs;1n the:vector Xt:are controllable»ln the short—run hy
7producers whlle those in. 9 .are: inflexible in thevshort-run{ Aevnoten"'
- the vector 9 contalns 1nput flows Whlch can be'changed only in the long—
-:tun (e.g.;'bulldlngs and-equlpment or the flows from land,resources) as.
”well as those exooeneous’lnputs whlch are never controllable such as the
"productlve chatacterlstlcs of cllmatlc‘events." | |

Although from a‘theoretical,viewpoint HteChnologlCal change is

’reflected in changes in: G (e ), emplrlcal measurement relles on the lmpact

h‘vof technlcal change on the»eff1c1ency of 1nputs. That 1s, the effect of

j:technicelzchenge,can‘be equivalently stated either in terms of: DI



changes in the functional relation among inputs and outputs as
represented_by Gt(l) or 2) for‘a given fqnctional réla;ion (say G(-))
‘which is constant over'time, the effecté can be expressed as changes in
'the quantity of efficiency units of inputs employed in production. The
latter approach is the standard relied upon for measurement of technical
change aﬁd will be employed here to discuss alternative measures of
technical change and productivity.

That is, define the function G such that:

o~ v
2.3) Y. = G(Yt’xt’ et) ¥ teTl
o
where Xt is a vector of unobservables defined by:
. N B
2.4) Xt = fx(Kt,Xt). ¥ teT

where Kt'is in general, a 1 x k vector of
characteristics of the state of technical knowledge;
however, for simplicity it will be assumed a

scalar.

The functions ﬁx(') are traditionally interpreted as translating the
physical units of Xt into efficiency units of Xt" By substitution and
cdmposition of functiouns,

2.5) Ylt = G(Yt?xt’et’Kt) | ¥ teg T

where G is given an appropriately new definition.



2.2 Alternative Definitions’pf Productivity ‘

With ﬁhls reéresentatlon the extent and 1mpacts of tecﬁnlcal change
can be meesured. The- obJect of tradltlonal concern has been |
-predﬁetiVity; a.term which,nOW deserves morevprecise definition.
‘ Although by deflnltlon, the functlonal representatlon of the product
transformatlon functlon prov1des a full characterlzatlon of the
productiveerelation»between’inputs and outputs, productivityvmeasures
attempt po pfovide efficient summaries of that’feletion.~ Cleariy; the
' measure of‘interest dependsaupon:the questienskef interest.. Where a
: partieular input“is,dfjihtereet'due to the efivatefer sociel imﬁlieations
of its ese, measures of partlal product1v1ty comparlng output flows to
the utlllzatlon of that input may be'of interest. For;example, 1f'an
ineut s supply is»limited3‘measures ofvtheeeverege.p:oduet of that inpet
'could‘gervevas:a‘guide<for>bothlshor£é ahd‘lbng—rﬁn non-price alloeatiog
decisionsQ .If_the'ihpﬁt were variable in the,ehoftffﬁn:and its' |
ailocatienbwefe based on profit ﬁaxiﬁizing choice, then-ies,partial,f"
’produeti#ity woeld depeed en pricee as well as technieal,chenge. »
Hewevef, the usefgineés of Sucﬁ ﬁeesdres-fer»the~meeserement;of tecﬁnieal
change'even when the'input is fixed in'thejehort-run'is.limi;ed.

‘ For‘exemple,'if the eyeregeA?roduct of.e.fixedviﬁputbL Were»of‘
‘iﬁtefesfvas e.partiel prodﬁcti?ity measgre (PP};:;heechengelinePP.ovef_
time would reflect chengeseiﬁvother iﬁputs and>ehanges‘in:L,:in additioe

‘tozchaqges in'technology¢ Consider the éingle’output (q)'ease where:

]

1 2.6)  q = g(X,L,K)

PP = ¢/L,



10.
2.7) PP = =+ PP'-- q - L.
- Using 2.6)
. : " - > e X .. o‘ . E o ' - Ob
o8y o .plg h g, 8% L 23 K

Q

ez i, @ L_ai. 3 K
,_2.9)‘,1?1: Zaxh Hy t ,(_aL 3 vl)L+_aK g K-

Na]

' “If'the hypothesis that choices maximize profits is maintained, then

2 10) _og éﬁ Rh Xh ¥ h—l,o. n

BXh Pq

 and

“where R is 'a 1 x n vector of input prices,
P is a 1 x m vector of output prices (in the

' single output case m=1).
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. By substltutlon, PP 1s seen to reflect changes 1n prlces, technology asf

represented by K and any changes 1n L. That is, ;}Vfﬂﬁr;ff

[}

PAThe conclu51on can be drawn that PP the change 1n output yleld from

:ffinput L,’lS accounted for by effects of three types of changes' 51)

'changes in output and 1nput prices (the flrst term on the rlght—hand 51deif»;ff

v‘of 2. 12))":

’and»3),changes ln technology (the thlrd term) In the multlple Output.
of;case and where there ex1st exogeneous inputs,vslmilar effects can be

flsolated. leen this result 1t should be clear that changes 1n.:,7}’

2)'changes ln use of the restrlcted 1nput L (the second term) ey

>Jk7lf technology cannot in: general be 1dent1f1ed from a serles of ylelds.. Only,mf::

'when prlces, the levels of exogeneous 1nputs (e g. of the restrlcted

fﬂjlnput L) remaln constant w1ll the yield serles serve as a ba81s for

'*ifmeasurlng technlcal change..ﬁt%g

B {h If a measure of producthlty 1s de31red whlch solely reflects

B ;Qfgo:”ig&changes in output not accounted for by changes in lnputs, equatlon 2.8)

':f: suggests an obvious alternatlve., Cons1der the 511gle output case.s lf,anfhh’,‘.,“"

'fﬁflndex of total 1nputs XI 1s deflned such that h?]-,;'zl
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fdthen:the measure.of\total factor productivityr(TFP) defined
“‘-fjWiiixsatisfyzthe;objective.. Thatwis,.by substitution‘of 2‘13)vinto‘2.8)'

e . o e e :» g .
25 TP eq-X-gSk

: ;f Inspectlon of 2 9) and 2 10) indlcates that TFP can be written as the sum -

””?dof PP and an adJustment for the contributlons of all 1nputs other than L

SRy to the change in output. At a theoretlcal level, the conclusion can be ;;

ifdrawn that 1f it 1s the identlflcatlon of the 1mpact of” technlcal change»
”\:on the levelﬂof output that is of 1nterest, then only the concept of
;bhtotal factor productiv1ty is approprlate. This p01nt is made more"-
:5ilclearly by the relatlonshlp between Tff and PP whlch can be ea81ly
v?sestabl;shed’by’comblnatlonvof 2.7) andfzalS): |
‘ :2@16)‘; TFP{= PP - L - Xq.
hhThat 1s, total factor productlvity change whlch is by deflnltlon thev
.effect of technlcal change on output can be obtained from a measure of
'jipartlal productiv1ty change based on a yleld serles’only df changes in -

"jylelds are adjusted for changes in. the restrlcted 1nput L and all other

’cv;>1nputs (as captured by X ) - If meaSures of the flrst and second terms on

'f_z the rloht hand side of 2. 12) could be obtalned the impact3ofvtechnical'

‘:f,change on changes in yleld of q from L could be obtalned from :
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L )

*substractlng those terms from the partlal product1v1ty measure PP‘insJ

2 12) and untangling the remalnlng terms to ldentlfy TFP whlch is by;rf‘,'

s deflnltion»a measureuof‘the 1mpact of technical change:on output‘* Ihie,ﬁ"’4

~.°

':”hoﬁever; would obv1ously be a c1rcu1tous route to take to measure TPFtaed
\' would tequire the same- data as. requlted to dlrectiy measute TPF.' s
"Extending'this,argument to the multiple output'caeee;eqpltes enﬂ

t important‘change ie-tﬁeidefinition of TFPt ‘If an index ef tetal‘oetpet

"(Qi)_could,be defined, e.g., such that.e

and if

[}
I R R
>

?h,fz;ls);,ffFP

 then

il
oo
b
P

2.19) TFP

.-fHOwever;,in‘order'for‘either”Qi,dr'XI tO'exist‘theﬁptodect transformation
= fﬁhction-would,have‘to;be;Separabletwith reépect to-inputSfand outputs.

V' Ithﬁchfa'eese;'thefpreduct'tfahsformatien functioh'eouldtbejwfitteﬁr o
"7Ifé;20) K(Y) J(X)

’tfand u51ng 2 19), the Jorgenson and Grlllches [1967] deflnltlon of TFP is-

'*r'derlvedg See Sectlon 4 3 for a detalled dlscu531on of the 1mp11cat10ns

’_bf-this_restrlcthn;'5 
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Whefé'the product transformation funcfion'is not separable with
respect to inputs and outpﬁts an altérnative approach must be taken.r'A
~ possibility is suggéstéd by the aSYmmetric form of the product:
traﬁsformation funétion, 2.15,f Spgéifically, one- output (e;g; Yi) can be

.~ chosen as_an.indéX'of'output level and TFP defined such that:

Mo

-] C o
2.21) - TFP = 1 - G
where
. m ; o
o o v
. ° 1 o3e ‘i £ 3¢ m o
2.22) G= ., wmT YLt ST
. =237, ¥, 4 hlBXhYth
P e M.
: I 3 _r 3 96 kK o
tr=136 7 %t oY, K
_ r 1l 1
':br in more convenient notation,
) ,m ‘ o n. o P o . ob
=D Sy Y TS LtoToS e tSs K

. r=1 h=1 : r=1

“or in convenient notatiomn and to make the time dependence explicitive

.rewrite,Z.ZZ) as:

‘ ; o ~ ° 0. o

0 2.23 G = G, Y. -+ IG X _+
_ g=2 it it h=lhtxht

P‘ ~ & °
L Grt rt + At
r=1 o

U=
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leferentlatlng 2. l) w1th respect to tlme and substltutlng Y1 1nto 2 21);

“the: relatlon between TFP and technical change is establlshed.;

BG_K..

. : . o ° . ° o o
2- 24) ) 'TFP -—K- Y K ‘].'KK'

Whlle thls measure prov1des a measure of technlcal change 1t does so by

v focu31ng on:the~1mpact on the‘level'of Y. . Although this: renders the

1
v‘_measure dependent upon the ch01ce of output used to 1nd1cate the level of
productlon, condltlonal upon that ch01ce, 2. 24) prov1des an’ acceptable |

measure of techn1cal change. ,Ir the dlstlnctlon‘between_outputsrand
»inputs.is‘dropped,,then’evenfthe,single:sutput'index TE?'is hased‘on the
:arbitrary‘chnice»ofhcutput as the'net productdWhich is to be employed to
: indicatevthe'effects~bfdtechnical change; We may;ythereforeghcnnclude,‘
hthat the product asymmetrlc deflnltlon of total factor product1v1ty

- presented in 2 24) exactly parallels that whlch is tradltlonally used for

v‘.']Slngle output productlon processes.

d2.3.1 Measurement’of'Biases in’Technical‘Change

h_hInhadditibn to’the%impact of‘techn;cal.changehcn‘thetlevel cf
'”qutput; its:inpactﬁon the'allocation of'inputs-is.inpcrtant toﬁ |
.‘understandm As;technology changes, some inputsfhecome_more'productive
.Whiie others.becomedieSS productive.' These'effects:are revealed“as:‘
;producers change ‘the mix of‘lnputs to be used 1n production desplte‘the}

'absence of any changes in relatlve prlces. As wllllbecome_clear later‘ln
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the paper, knowledge of the natdre_éf'these effects in the past is
':cruciél fér,the forecasting of futﬁre trends in productivity. Following
"Hicks} {1932] terminology, the impacts of technical change on product 

,transforﬁation‘(ioe., the nature of fx(Kt))‘can be classified by the
~ultimate effgé; on the'marginal rates of substitution (or transformation)
,bétﬁéén»ﬁro&ucts.‘ That is, from 2.4) Kt becomes aﬁ argument in the
ftransfofmation function and as iﬁ changes, the éurféceé of the prodﬁction
, p6sSibilities setvviewed in variOusbp:oduct spaces are stretched or
shrunk and traciﬁgs of the contours:of these~surf#ces (isoproduct curves)
_vére shifted of skewed. Becéuse of the matching of the slopes of thgse
‘iqoproduct curves with price ratios which is requiredvby profit . |
‘maxiﬁizingbchoice of product éombinations, the impacts of‘technical
Vchang§>are.reveaied by changes in chosen product combinations which océur
in the absence of changes in price ratios or fixed factors. Although
,éu§h changes’in product combinations are not readily observable, for a
lgiVeﬁ;spééification of technical changg they are'identifiable via -
ééonometric ﬁethbdse

By Hicks’,classification; technical change has no efféct 6n relétive

-product choices (i.e., neutral) if the technical éhange does not disturb
thg mérginal rate of substitution (trénsformation) measured along a ray
'vthrdugﬁ thé préduct'choice made within the preVious’techﬁical.regime.
Y.Théjteéhnical change &illvresult in changes in relative product choices
Véniy WhenLit results in a ¢hange'in the marginal rate of substitution
'.  (trathormati§n)u For example, in (Xh; Xk) input spaﬁe between ﬁiﬁe t-i

and t, technical change is Hicks’ Xh‘
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Gl e saving'»" T - o ‘ev’b;"o’ °K‘;‘“* o o oK
'_2'25) " neutral }‘relative to Xk if 26 ’g 28, F)‘/ 3G (¥ lg .9, t) .;
' vfusing ;'J__":‘ o ‘d : Xk- : Xh R

BG(Y ,X°, 65 KH) / 0,8 Kep) =

I 3’%

h'y'where Yo, X°3:Gf“are'initialjpositions of‘Y,.X,e"respectively;

| 3. ‘Measureuentvof.the Impacts. of TechnologicalgChangeV E

fThendiscussioujihjsection'Z"established that:in‘general chahges inl’

_&ieldbreflect:chaugesuin ihputsrdue~to.changes'ih prices, fi2ed‘in§utsc
and‘techhoiogy in addition'to'the‘direct effect.of technical.change onh‘
output 1evel achievable from a fixed quantlty of a partlcular‘lnput, say .
L. Only durlng’perlods when relatlve prices and the use ofbthe fixed '
“1nput L (upon whlch the partial productiv1ty measure is- based).remainv
:constant w1ll the yleld serles prov1de a ba31s for measurlng the rmpact
of technlcal.change on outputilevelsmy Thus,'although 1n”terms of |
iapparent operatlonal 51mp11c1ty yieldvserles are attractlve, as a ba51s
dfor 1nference concernlng ‘the nature of technlcal change, relatlve prlces -
]do not remaln.constanta For thlS reason, dt was. argued that 1f yleld
‘serles are to be relled upon tobstudy the impacts of technlcal change;

bhtheeruse 1nvolves all compllcatlons and data requlrements that are- also

'1nvolved 1n the measurement of total factor productiv1ty change; 'A _

1hcorrolary whlch Qail be dlscussed in Sectlon 6 is that forecasts of
| lﬂtechnlcal change whrch are. made ine the context- of forecasts of ylelds

’“hw1ll be characterlzed by at least the same degree of p0581ble error in ::
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: forecast as Wonld forecasts of‘totai“factor’productivity‘change;v,The
:principal difference'in the two approaches is‘that‘a forecast of total
factor‘productivity change is a forecast of the'impact of technicalf
vchange on outpntllevels, whereas.a‘forecast‘of Yields also involveS'a'
forecast ofblerels of prices and:fiXed inputs, making the forecast‘Of
technical change'only implicit. The problem of forecasting the level of
changes in ‘either yield or total factor product1v1ty relies upon accurate
' measurement and explanatlon of the’ level of these varlables.A This latter
issue will be the subJect of this and the follow1ng section.

| Measurement of the levels of yields, total factor productivity or

- of ,‘bAl_as,__es ;:Ln'ft’echnical,, change:; on re‘lative input use requires the

vusevof a modelrwhich expiains theirllevels in‘terns»of levels of other‘
variables. By the definition of PP, it- 1s the yield of q per unit of L.
v,The level of L is pre—determlned or exogeneous and, thereby, requires no

- further explanation.‘ In contrast, the level of q is chosen by the
producer in the context of technologlcal as well as economic fea31b111t§.'
Similarly, the levels of 1nputs X (the changes in whlch are involved in
the definition of'total factor productiv1ty,change 2.21) are determined
'by producers asballocation‘decisions'in‘the context of technological and
economic feasitiiity; vThe conclusion‘can be drawn that whether the fOcus:
bof interestviS’yield or total'factor'productivitf, an economic mo&ei’of
tnevchoice:of inputs'and‘outputs'is reqnired; AS Willibexseen,v
ispecification of'such‘a'nodei of‘choicexmnst include naintained

. hypotheses or assnnptions‘cOncerning the'econonic'goals‘or objectives of
- the producer,.physical’constraintsiwnich limit or restrict cnoices,'and

- functional characteristics of the product transformation function. Even



1
Vin‘tﬁé»ébséﬁce ofva'detailed séatemehf of ﬁhéée éésﬁmptﬁqns,bthey'éré at
11east impliéit in:ény>modé1,of tﬁbiceé,iseeiweavef't19SO]; vThus;{Whilé
~the functionai fdrﬁwof the prqduet'transforﬁégiéngfﬁncﬁibn has béeﬁ.
;freﬁognizéduaé'a domipént&issue inithé measureméﬁt df:totél pr&ductivity
chéngé, it ié;of equal impérfancé in»ﬁhe ekpianatidn‘of theblevel of
‘yiela:to lénd;;of any'bthér pértial'pfoducfi?ity meéSure; LSimilarly; 3
althqugh:the appliéd‘literéfure has reédgnized‘the necegsitytand
,importanéé'of‘éssumpﬁions‘conéerning the‘objectives‘andvconstfaints’that
determiné‘chbices,of inputs and‘outputs,'thése i£eﬁsvafe of equiﬁalenfu
impbrtancé in fhé measurement of the leve1 Qf'yieldsv"Thé‘rémginder‘of

this section will consider these points in more technical form.
3.1  Total Factor Productivity o

Sectiqn 2 notéd'that,an immediaﬁebimplication of tééhnicél Chénge
was thbatv:"th‘e} fvun‘ction’ayl‘form of Gt.(") ‘wouldv'change ‘over time. In order
to measure the impéctS‘bf'EEChﬁical‘change, an algebraic form‘must"be 
assumed fof the‘préduét tranéformatién function.‘ Even if‘yiélds are the
" subject §f‘interest, specifiqation of é fﬁnctional form for aVYield
equation impligitly in&olves spgcifiéation éfbé functiongl form for
'Gg(:), vThis follows-frgm the)fadﬁ that tﬁe yield ‘model mqst fecoghize~
that §iéld'is a'éhoicéiaﬁa‘so its‘relafionshib.with‘pricéé aﬁd fixéd'.,
:inpu£$ is,detérmined‘by‘the éséumed»oﬁjectiVeg‘Of’tﬁe prodpéé; and the
‘functionAl-form‘of G, see Wea&e; {1980]; The instabiliﬁy\of;thcan bé"
thoughtwof‘as‘inétdbility in‘thevparémetérs of its,élgébfaic‘form.

k 'Thé nature of thét:parémeﬁer insﬁability‘ﬁﬁst‘be épééifiéd.if‘the

function is to be estimated using a- sample drawn from more than one
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,.teéhnplogicalgregine. In the terminology of,Seetion 2, this would
reqﬁirerspecifieétion of the elements of th“HOWeyer;.if Kt:ie'
R recognized as a vector of unobservables determined by both~enbodied and
_Adieembodied technical chénges, then only two~coufses are_possible;.each' ‘
involving errors in neaeurement. | ‘
Asfone.alternative,,if the detefminants of.technieal change could be
‘identifiedfand functionally related to th ;hen by compqsitien of .
functiOne those deteiminants could be directly in;toduced as arguments in
the product traneformatinn function. Although'thié nay'appear to be

’1nfea31ble given current understandlng of the process of innovation and

,1 its. adoptlon, at a general level expenditures on investment, research and

.:development and education might be identified and 1ntroduced. Thls is
’ _nthe conrse chosen (with variations) by Denison [1957], Griliches [1960,
1963, 1964], Fishelson,[197i]; Hayami [1969], Hayami:anleuttan [1971],.
Huffnanv[1978],,and Lu, Cline end Quance [1979]. ‘Denny, Fuss and -
"vWavermen [1979]ehave eﬁnloyed indicators ef'the-ekfent of adontion of nen
technologies;. HnWeVer, as David.and Van DeKlnnderﬁ [1965] arguera uéefnlv
alternative is to separate the stepsief'measnrement and explanetion of”
‘deterninanes of the'teehnical change. As indicated b; 2;24)'anveCCurate.'

. o . : '
estimate of TFP would provide such a measure in the absence of any

explanation. The only remaining problem is the estimation of the product .

transformation function without any measure of K. To the extent that the
 elements of K are uncorrelated with current levels of elements’in the
information vector (Pt,Rt,et),,exclusion of a measure;of:K will bias only

constant terms in models of technology or choice.
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A strategy which falls betWeen the two alternatives noted aboyetis
v'based'onrthe,recogniticn that if inncvation and adoption are processes
>“  which’resultgin a»continaous ptocess of}technical change, at leaet,a
pcttioh of the impact of technical change on output level will‘ber
"cchtinuoaély’relate&ctqrtimea' If each hew innovation ie»adopted'
.acccrding to a time related‘procees (e.ge, onehfollowing'a logistic
functlon as assumed by Griliches [1957]), but new innovations are rapidly
. and contlnuously introduced, then the convolutlon.of the dynamlc 1mpacte
_ of these hrocessee on' output could be expected to bear a constant
-functlonal relatlon with time. Thls descrlptlve-approach will be adopted
»'here to allow decomp051t10n of. the unexplalned residual measured by TFP
’,vinto:a'component that is related to time and one that is not.
chllewihg'thiS'ahproach'thevchanges in K wiii be‘aseumed‘to dccur
Wlth‘an annual frequency (1.e., Thk= 1-¥ h) and to be monotonlcally
related to t by a twice dlfferentlable functlon, eeZesy deflne for each
jelement Kgb of the’vector Kt
'v_k3;1)e 'Kgé'é'Kg(t) ‘ vr#=»gf1,.;.K-‘
-By shbétitution;"
o 3.2) .th:vf‘}%(ls(tv),xh)é”fxlb(t,’Xh) o® h=_1,.lv..n' I

z»whichrallows ﬁ

343 Y = RS0 L)

As wrltten in equatlon 2 21) TFP presents the ba51s for. a D1v151a

v[1926] 1ndex. Spec1f1cally,’1f TFP is 1ntegrated between two p01nts ‘in
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time, say t and t¥*, then we can define the Divisia index number of total

factor productivity as TF%D.

. Y (e /Y (2%)
: o A% o 1 i
3.4)  TFPp = Aoy 7 G, (£9) 76, (t®)

where

| ° . m °
345 Gl e (fE Gl = exp ([0 2 5,(0) T, (0)
GI(t°) ' i=2

n o P o
+,I, S, (0) K (1) + I S (8) 8,(6)]

It is important to note the caveats offered by Hulten [1973] concerning
the integfability of 2.21).

Although the Divisia index number would provide a precise measure of
technical change, it relies upon continuous measures of production
elasticities, outputs and inputs. In essence 3.4) represents a ratio of
index numbers of the numeraire output to an aggregate of all other
Qutputs‘and inputs. In order -to obtain measures of this index using
discrete data various indéx number formulae have been employed as
discrete approximations to the Divisia index. The problem of measurement
of total factor productivity can, therefore, be thought of as one of
’ selection of an index number formula based on discrete data which

‘provides a close approximation to the continuous Divisia index. From a
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nmorejgeneral:perspeetiﬁe? thefDinisia—index.repreSenteve transfqrmation'
of the product:transfnrmétion funetion:G(9)bﬁhichican bebinternretedeas>
eggregating the net produtts‘invrectors rfgﬁd’xtahd can be 1aBe1ed as an
aggregator funttinn.,‘Ihe nrbblemiis'te.seieetae:method ef measuring
' GI(n);using‘diserete datn.. Thiefappfoximete meaéure}of‘GI(*)‘will be
:1abeled.at(,)ﬁi:A$,in tne cese:where‘ekmeasﬁfe ofxthe product,
trensfnrmation G(f)'is‘bf intereet,bthis innolves spééifiéapiéﬁlgf ;
funetionnlkfnrm_fnrj6I(e) end'chnice of a method for,meesuring;its
.parametere.m>Itviseintuitive that-since ai(;)misren“ennroximation.of‘theg
aggregetor fnnction>C (-),‘thelform ofithe-diseretefindeglshould also be
'related to the form of G ( ) L |
In order to approx1mate the continuoue form G (‘) by a dlscretev
R form, the way in whlch the elast1c1t1es S (t) change between dlscrete_
._pnlntS»lnvtlme.must.be epec1f1ed.. At the extreme, the elastic1ties 8. (t)
can be assumed to be approx1mately constant over tlme, then f
. _ . , :

L s, ln Y. /Y
E 1-2v :

ng'“

o % o
-3j6?lﬂilnvGI/GI

B e N
' -l_- _;_ §,1n6./8
"fwhere the superscrlpts (* °) 1nd1cate whether measurement occurs
“at t* or t°, respectlvely. «

ForfcaseS'where?small-changes‘occurrfor5any>product,‘say:Z;'then

3D Imz/Z =2/ -1

fallowing:3;6) to be'rewrittenias;n:rve
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3 8)‘ G*/éoﬁy ? s Y*/§9V+: .

, P . e
.+ L Ss_.6._/6_
oo T
r=1l
fIndex humber formulae for approximating the Divisia index are based on
: alternative measures of the elasticities § in either 3.6) or 3.8). In
f—each;cése~regognitiOn-is given to the fact that the shares do not remain
vconstantvaﬁd"some‘alternative is chosen to allow either 3.6) or 3.8) to -
approximate their change.
" Conditional upon the integrability of 2.21) and pfofit,maximizing

allocation, the Divisia index isvéxact in the same sense that where

U3.9) q = g(xse)

%
| € G
iTgP ’:,3£§?igl = —%
' g(X ;0) 'GI'"

That is, the Divisia index is exact for'all functional forms of G. Where
‘ S 3 % o o . ) Co ‘
~ discrete approximations to Gi/Gi are employed, Diewert [1976] has

examined the ¢ériteria for choice of an index number formula. . A criterion

tﬁa£ihas éef;isﬁéd'in ghe iitératufe{ e,g;,vKonygs‘andeyushgeﬁs'[1926];
‘ ha; béén béséd‘on the.recognitiangthétrif fhe fuﬁctibﬁal'fdfm of g(+)
‘were Endwn;vtﬁe'e%act form of tﬁe index fofﬁuia éétisfying 3.95 would be'
; implicifl} sﬁecified.ivlh this way, thé Lasﬁeyreé and Paésche quantity -
'indexes caﬁ be shown to be»exact'fOr Leontief fixéé coefficients

v téchnolégy,. 
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' However, given tﬁa; the‘functional form»ie typicelly unknohn Diewert
[1976],hee suggested that a superlative index formele-be’chosen, i'?f’ﬁ
:one‘wﬁich is exact for a:fleXibleﬂfunctional form empioyed.ae a.eecood¥
order approxiﬁation tobthe ﬁnkno&n fﬁncfion., Tﬁus,’ﬁwo sources of erroes
can‘occur when’index;numbers are used: aefunctioﬁal appro#imeEion_error
due to the approximation of the unknown functional form’of‘G andvan,index
error following from the use of index formulee which areunot exact foffv
the desiredblevel of aporoximaﬁioh. By definition, use of a superlative
index results' in ooly functionai epproximation error. To conclude, et a
theoretlcal level, the preferred index number formula is. 1mp11ed by the
~ presumed functlonal form of the produot transformatlon functlon G and its
vtransform’GI}. | |

Given that the form of the aggregator function G isvtypicelly

I

unknown it is preferable to adopt the superlatlve index which. is exact

" for the flex1ble form employed as: an approx1matlon of the aggregator |

functiony‘»H0wever,yone issue remains.. In the absence of a criteria

which can be{applied pfior to .estimation for se;ectieg the flexible form
_t0'emp;oy, are subeﬁantive efrors likelyeto=result~f¥om the use‘of a
“sopeflative index which.is~not exactrfof the flexible form employed for
othefaggfegator? For ekeﬁple, the Tornqvist'index hae been shown to be

qf exact: for homogeneous translog aggregator fuoctlons. Whet‘errofs wouldb

vresulf if it were employed when the: aggregator functlon is. of thev |

generallzed Leontlef form?, From a theoretlcal perspectlve, Dlewert

’[1978 1979] has establlshed that superlatlve 1ndexes prov1de second;

order dlfferentlal}approx1matlons to each other at a point where,priceS‘

! ahdvquantities are equal to those in the base year.
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Parkaﬁ [1975] has compared index number series based dn the
:Tornqvist directran& implicit price indexes with thé Fisher ideal index
-and fouhd thgy agreed up to three significant figures. Diewert [1978]
éxtended this comparison to include ﬁhe'Vartia, chained  Laspeyres and
YVvéﬁainedbPaasche price indekes and found similar results. Although the
5“§imilaritj-of the alternative superlgtive index nuﬁbérs would be expécted

:givéngDiewert's [1978] results, the accuracy of the chained Laspeyres and
‘ faaschevindexes is‘éurpfising.i Diewert [1978] shows that as wéuld be
expe;ted fhese indexes provide fifst—order differential approximations.
 ‘Theif aécurécy is, therefore, interpretable as evidence that secoﬁd-order
effects were small atbleast in Diewert’s sample. When a fixed base
period is employed, Diewert [1978] finds this accuracy dissolved.

The remaining issue involved in measurement of total factor

' - productivity is measurement of the elasticities (S ) involved in the

;disérepébindex ﬁumber’formula that is selected.k Two approaches have been
  £;geﬁ?hére. ”Undef a‘ﬁaintained hjpothesis éoncerning the behavioral
Nobjectiveé of thg firms or sector under study,re.g., ?rofit maximization,
: firsﬁjdrdEr‘conditions for optimization of that objective link thé
.:elastiéities Qf production of variable products to observable profit
shares. Similarly, by Hotelling’s lemma the'elasticities of the profit
fﬁnctioﬁ'ére linked ﬁovobsefvable profit shares as in 2.10). 1In the
ﬁfifét aﬁproach,'if all products are variable, observable profit.sﬁares
' »afe,asSume&-to be exact measuresvdf the elasticities of interest and tﬁé
'ih&ei numbef of interest is_simply calculated frém a series of prices,r

‘quantities and observed shares.
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iyAn»alternative'is hypotheéized that'due to the usual sources of

stochastic error, the equality of shares and elasticities holds only at

the population expectation. In this case, share equations such as 2.10)

are econometrically estimated and fitted values are employed in the

calculatidn of the index number of technical change. Besides the relaxed

“hypothesis concerning the relation between the share and the elasticity

implicit in this'altefnative, several other advantages are apparent.
First, where some products are not variable the relation between the

.observable profit share and the elasticity is left unspeéified.by’the

‘behavioral hypothesis. In this case, the econometric approach allows

estimation of the'élasticity which is iﬁterprétablé as the shaddwbvaiue

of the produét as a share ofvprofit. Secondly,kthe économetriélapproach
allbws for statistical inferencé'COncgrniﬁg tﬁe:sou;cés of‘éhénge in the
elésticities, é.ga,_reiaﬁiﬁe output ér inpﬁt pfices or éhénges in lévels
of_fixéd:factors; ~Where the objective of the firm is.coét'minimization

withrréspect to an exogeneously established output level, the cost share

"equations allow measurement of the scale elasticity (see, e.g., Berndt

© and Khaled [1979:]).

Summarizing this section, the measurement .of total factor
productivity was seen to rely upon the resolution of a number issues
concerning the way in which production decisions are made, and how they.

are related to their determinants. Even if these issues aré not

b', explicitly addressed,vany_index of total factor productivity, if it is to

‘have any meaning .as a measure of the impact of technical change on

outputs, implicitly is consistent with a particular resolution of the ..

issues. Specifically, the issues of critical importance were argued to
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vinélﬁde}: 1)‘ axhypofhesis éonéérniﬁg the objectiveé»br operatihgigoals
) of'the firms inithe industry ﬁndervstudy, 2):5 hypothééis ¢6n§éfning |
wﬁich inputs are fixed‘for the_firﬁ‘in thekshort-rﬁn and which are
variébie, 3) the algebraic, functiéﬁal reiatioﬁ between inputs'and.
'§ufputs, éndié) a ﬁypothesiéléoncérning the way in which,thét functional
‘Arélaﬁidn hés changédoner fime. NéedleSS~to say, the eVidence/uPOﬁ whicH 
resolution>of these issuesAcould Sg bésed is eXtremély weak. Aﬁkbest, a‘
researcher‘pén only'ﬁake reasonable decisionsg but, at beét éven these
V"'decisiqns.lead to indeterminable é;rors in the méasuremeht éf'totalx
factor productivity,

'3.2‘ 'Requireménté‘of Empificél Méasurement'of Paftiélv
~ Productivity or Yields ‘

The féct that accurate empirical'measurement of the level of yields
:requires the resolution of each of the difficult iésﬁes Which need tb be' ‘
resbivéd for ﬁhé'ﬁeasurément of total factof pr§ducﬁivi£§.should‘bev
v éppafenﬁ from the-intiﬁétebdépen&ence,of measures §f toﬁal factor
’pfoductivity;on a model of choice.. By‘definition; a partial productivity

index 6r yiéid is the ratio;of an oﬁtput, the level §f which can'be‘
inflﬁehced by the pfédﬁcef'through choicé\of.inputs, and the quantity of |
a fixed inpuﬁ. ‘Yield'is? tﬁerefore; as was estéblishéd iﬁ.Sectién 2 a ”
”choicé‘variéble.A As such, accuraté meaSufement reiiés upon the |
épécificatioﬁ of‘lj‘thef§bjeCtiveé~of the firms in the indﬁstfj,CZ) the
“inputs whidhvére fiXed;or beybnd1thevcontrol'of the firm, and 3) the
fﬁnctional,relatibn aﬁong ihputs andwoﬁtpqté. These‘aré egactly the same
issues thch:must"Bevfeéolve& for the meaSuremenf of'total faétor

~-productivity. The conclusion can be drawn that measurement of yields or .
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- partial productivity'is subject to the same set: of possible errors in
‘model specification that characterizes measurement of total factor -
productivity.
3 3 Requlrements of Emplrlcal Measurement of Blases in
Technical Change :
‘The definitioms of bias in teehnical change were,preeented above

(2.25) in terms of marginal rates of substitution. However, to

' .facilltate the measurement of blases, they can be translated 1nto a set

'of condltlons on the change in input ch01ces X .-_Thet‘ls,\teehnlcal

‘change can be said to be Hicks’

‘Saving: I ‘ - .
3 RO | relative to if d1 -—"
' Xh ‘Neutral Xk nXh
, S ' c
Using :
: .or equlvalently if dlnXh > 1.
» < T

dlnXk

where ¢ is the set of relative prices and choices

of ellhothefvproduets

‘HowEver,vthe levels at which variable inputs are utilized are determined

b'.ewby,thevfirm dependihg upen objectives, fixed inputs and the form‘of,thef

’éreduetettanefdrﬁatibn function._ Again, measureﬁent‘of'biesee-as_in-the
‘15eaee~of:heeeutemeht df3totai’factor or partial productivity requiree.the :
k epeeificatiohrefre'model of‘choices mede byefirms ﬁndef.study. -The

’5ﬁfeceutac§eof:eii‘fesulting,measurement is depen&eht:uhOn the ability'ofh

_that model of ch01ce to accurately predlct or explaln actual ch01ces made

‘;ix:by the flrms.
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3.4 Conclusion -

-The above discussion leads to the reasoneble conclusion that
measurement of the level of preductivity regardless of which speeific
»definition is used’will'be eubject to a.substentiai, yet unquantifiable
‘error. As was ﬁoted this‘errer resultsxfrom’errors in the specification
of the model of chgice uponvwﬁich'prodﬁctivity measures must be based as
well as errors in measurement and use of data. In addition to ﬁhese
uhqﬁantifiableverrors there exist the usual sampling errors- which
charaeterize the point estimates of the parameters derived from the model
of choice and used iﬁ,the calculation of the productivity measure of
interest.

4, Empirical Models as a Basis for Measurement of the
Impacts of Technological Change

4,1 Statistical Characteristics of Productivity Measures

The diSCuesion‘in Section 3 has established that measufement of each
of the indicators ofﬁproduetivity must be based on a model‘of choice
which provides a basis‘for obtaining estimates of peremeters or weights
"involved iﬁ the,calculatidn of  the index. Whether.these parametefs come
from econoﬁetric modeis or from other rules.of calculation or”
assumptions, they represent'semplevstatisties that ‘are point estimates of
.the'true, unknown ﬁarameters. Thus, the‘estimates represent summaries of
éempie infdfmation and the pointvestimate employed canvbe thought of'as

“having been drawn from a distribution of values of the sample statistic.
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781m11ar1y;,the productlvity estlmate itself represents a sample statlstlc

';that is a point estimate of the true 'unobservable productiv1ty. If the

’fparameter estimates were obtalned from an econonetrlc model then an
‘w_festlmate of the sampllng varlance‘of the estlmate w111 be available and’

/the sampllng error of the productivity measure can be assessed.h

:Unfortunately, no direct measure of spec1f1cation or measurement error
5-,c;n be obtalned."However whenueconometric modelsbare employed

4est1mated re51duals provide an approx1mate measure.

4.2 Alternatlve Methods of Estlmatlng Total
' Factor Product1v1ty -

The UrS D A. total productiv1ty 1ndex prov1desman example of an |
index based on p01nt estlmates of parameters where the variance of those'
estlmateswls unknownmt'Although‘the~estlmates are»aSSumedgto be.exact

ewlth aero varlance,hlf uncertalnty rs acknowledged concernlng the model
‘fbf choice upon whlch they are imp11c1tly‘based then thelr varlance wouldf
'not~be zero. Whlle thls serles is exemplary 1n many respects (see
Chrlstensen [1975]), the absence of any 1nd1catlon of the uncertainty
that characterlzes‘each year s 1ndex, has‘led to thevacceptance of the
,seriesaas‘p01ntvestlmateS'w1th-zero sampling'error. .As noted in Sectlonvf
dvt3. thekerror of an: estlmate of a total factor product1v1ty 1ndex followsli

“ﬁ;from error‘ln measurement of the elast1c1t1es of output»Y1 w1th respect'

‘{to changes in other outputs and changes in input levelsowhlch were noted~' L

h)

S For example;'based'on the‘assumption;thatpfirms‘maximiZe
~fprof1ts and that the product transformatlon functlon is characteriZed,by

tconstant returns to scale, the productlon elast1c1ty Sh]can‘beﬂlinked:to

71observable prlce data. In the 31ngle output case.e»*v-f“
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4.1) ! %h '

‘where C is minimum total cost given (R,8) and an output

*
level Y, and Xh is the optimal choice of Xh.

A point estimate of S, can be obtained from input expense data and under

h
the assumption that the distribution of that estimate has zero variance.
Alternatively, if uncertainty is écknowledged concerning the
objective of the firm, or the characteristics of its product
transformation function, then the equality in 4.1) is broken and a
stochastic error could be introduced. For example, the elasticity could

be measured by

5Y
4.2) 5 = —2

h BXh

%
B S
C h

Sy Fa

where ghﬂJN(O,gz)

In this case, the expense share provides a point estimate which is

characterized by variance. Specifically,

]

4.3)  E(s) th;/c

V(sh)

[]

V(Sh)

The construction and estimation of an economeﬁric model of choices
presents the basis for an épproach to the heasurement of production
elasticities or shares which takes a further step in the direction of
measuring the production elasticites under relaxed assumptions which

acknowledge the uncertainty which characterizes measurement. An early
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‘fclassicvattempt:along-thesewllnes1was'presented'by‘Grlliches:[l963] whe re
';production elast1c1ties were estlmated u51ng data on 1nputs and outputs.‘v"
As econometrlc estlmates thelr relatlon tobthe true, unobservable |
v',elast1c1ties can be rléorously cons1dered;,y |

' Recent advances 1n economlc theory and’econometrlcs allowbthe -
'frirelaxatlon of several restrictlve assumptlons underlylng Grlliches work.
vFirst, the levels of 1nputs and outputs observed and employed by
'Grlllches do not represent arbltrary comblnatlons along the product
'_transformatlon functlon. Only controlled laboratory experlmentatlon :
"could generate such data.‘ Instead the observed levels of inputs -and

: outputs at any p01nt in t1me are interrelated by the fact that they wereh

ichosen by producers as’ not only technlcally eff1c1ent but also'

5:‘”econom1cally eff1c1ent glven producer obJectlves, prlces, fixed factors

;and technlcal’eff1c1ency. leen thlS result estlmates of the productlon .H:
'felast1c1ties must be based upon a model of‘ch01ce.' Secondly, Grlllches ff
assumed thatllnputs‘and outputs are homothetlcally separaole and | |
t]ltherefore,ball outputs can be meaningfully aggregated 1nto one aggregate

houtput. ‘As was noted in: Sectlon 2. l thls 1mp11es that 1nput choices can
bb'be made 1ndependently of output ch01ces. Flnally, by the use. of the

:Cobb-Douglas aloebralc functlonal form, Grlllches was. forced to assume ,Ib

'ﬁéthat the elastlclty of substitutlon between 1nputs“was unlty. ;v' ' e

| A‘s1mllar approach under relaxed assumptlons has been proposed byk

’deeaver [1977] based on: appllcatlon of duallty theory (see e. g., Fuss and o

‘*f_gMcFadden [1978]) and an exp11c1tly stated model of ch01ce.? In general

:elterms, glven a hypothe51s concern1ng the obJectlves of the f1rm and

7f,technology 1t faces, the productlon elastlcltles of varlable lnputs are
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',linkéd to priées as in 4.1) by the necessary condiﬁions or rules for
échiéVemenﬁ of the firm's ijecﬁiveée For example, suppose the firm is
hypbthesized’to maximize ex§é¢£Ed profits in the face of price
 'gncertainty,‘and a multiple output éroduct transformation. That is, the
firm éhoosés a (m x 1) vector of outputs Y and an (n x 1) vector of

variable inputs to solve:

4.4) max T = P'Y = R’X
Y, X
- 6(Y, X;6,K)

» s.to. Y1

- where P is a m x 1 vector of expected output prices

and R is a n x 1 vector of input prices.

The necessary conditions for this problem’s solution can be written:

‘ 4053) P1Gi + Pi 0 : . V l=2,“-o-m

. The solution of these structural equations. allows the derivation of

traditional output supply and input demand functions:

4.6) Y

1 =Yy (P, R; 6, K) ¥ ‘i=l,...m“
4.7) X, = Xh(P,R;e,K) V’h=l,.3.n

From 4.6) and 4.7), the_ptoduction,elasticities can be written as equal

to shares of expected revenue earned by output #1:

- P.Y./P Y.
i"i" 71

A8 6T /Y 1

zﬁif,%’g?;r7GhXh/Yi

thﬁ/?lYi |
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S“;Given an-algebraic form for G(‘) the systen of equatlons tn 4. 6) and 4, 7)f
'bior those in 4 8) and 4 9) could be used to dlrectly estlmate the de :1‘“
pproductlon elastlcltles. leen these estlmates des1red product1v1ty

e estlmates can be derlved.ﬁ ” o e

| A convenlent alternative 1s suggested by duallty theory.. By

‘dsnbstltutlon of equatlons 4. 6) and 4 7) 1nto the deflnltlon of expected

proflts in 4, 4), the expected proflt functlon can be derlved

e J'I' %
C4.10) T = RYY(RLR; 39K) - R X(P R; eK)

W(P R 0s K)

.pij!differentiation and use of 4f5),‘Hqteiling’s‘lemma_eétablishes:
oo AL 3Tr/v3Pi = Yi(Pj,R‘;S;K) =~_Yi= ¥ i=,1,;,-.--.~.m 3

h ¥ h-l,.--n 3

i 4.'.'1‘2) aw/aah 5— x (P R 9, K)
leferentlatlng the proflt function 4 10) w1th respect to K and o
v‘wrltlng the result in terms of percentage changes (1nd1cated by a dot),

the percentage change 1n proflt can be ertten.f

Q

4.13) = n, P +In, Rh + Zn 6 +

o
/'; where n represents the elast1c1ty of proflt w1th respect

,to a change in the subscrlpted determlnant of ;ff i

h-tch01ce (P R, or 6), and-

B represents an index of the effect of technical '

- change on‘profits;.or:a'measure;of:tbtel'prcfit']

o0 diminutiom.
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tAs 1s demonstrated in Weaver [1977 i9811>and:as has also been
S ' - °.
' establlshed by Chrlstensen, Jorgenson and Lau [1973] in other contexts, B
represents a simple transformatlon of the multiple output measure of ‘

total factor product1v1ty change TFP.

. 4.14)  TEP = %/MI '

where-M1 = PlYl/Wt

"35;3§ve£51 important conclusions foliow’inmediately‘from this result,
see Weaver:[l977, 1981] for detailso First, it is noted that byvuse of'
4.11) and 4.12), U

v P,

d, 1 L * /"_‘3ﬂ i
}_4,15) Ml YiPi/wr ny —-552 =

%i(P,R;e,K)

4.16)" M X;Rh/ﬁ

. om Rh N L
T}h = = "'gﬁ;l - Tfh(,P,R,e,K) :
ny, N o S

-where T, and T, are logarithmic derivatives of

the profit function 4.10).

If l)lalgebraic functional form_is«specified for m( ), 2) %i and #hrare
’4appropriately dertved'from that form and 3)‘additive; random\distnrbances
”are added to each eqnation 4.,15) = 4.16), then this system can be

econonetriCally'estinated and sampie estimates offﬂi and Mh determined;

These; in:tnrn; conld‘he nsed'for*thegcalcuiation of gvand:T;P. vByvtheir‘

dependence npon anpexplicit'model.of choice the specification and |
: ‘measnrenent errors invoived in g and T;P:could‘be rigorocsly addressed.
By thelr dependence upon an expllctt econometrlc model, their sampling

“errors could be calculated. Flnally, by use ‘of one of many of the-

v'.recently proposed flex1ble functlonal forms (e.g. ) translog or
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generallzed Leontlef), the resultlng estimates‘can‘be freed of -

' frestrlctlve assuuptlons such as 1nput—output separablllty, homothet1c1ty,-

;v‘or unlty elastic1t1es of substitution, whlch have characterlzed past
:vresearch.‘- | | ”

B At-flrst conslderatlon thlS approach ma§ appearito requlre the

B researcner to spec1fy a behav1oral hypothe51s whlle dlrect measurement of:
TFP or yleld would not. However, as has been argued above the need to

‘speclfy and explic1tly 1ncorporate a behav1oral hypothes1s is mandated

.rnot by the partlcular methodology employed but by the nature of the data;‘

'Spec1f1cally, observed 1evels of outputs and lnputs are chosen by
producers and thelr use 1n emplrlcal measurement of product1v1ty,

vtherefore, requlres spec1f1cation of a behav1oral hypothesls. L
4.3 Alternative Models of Yield

p’ This polnt can be made more sharply ln the context‘of an. estlmate of
= partlal product1v1ty or yleld. Suppose it is hypothe51zed that flrms :
;attempt,toimax1mlze the‘expectatlon of profits slnce output prlces‘are.
’unknoWn at'planting, that:they face'a‘product tranSformation function
suchhas‘é;l),landvthat'total land utillzation l'as ‘well ashitsballocation
»among outputs,‘Li‘ls also fixed durlng the productlon perlod._ By u81n0d
it‘f4 4), and 4 6) the partlal product1v1ty of output i. relatlve to land Lb

'Vused for productlon of 1, Ll,‘can be wrltten' _:‘
4.17) PP, = YXL =Y (P,R;6,K,L)/L,
ORRET '?‘j%” cde e T ?

'; The valldlty of the assumptlon that land allocatlon L to-output'i

1is flxed ls, of course not llkely 51nce land reallocatlon 1s p0381hle when"
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prbductibn plans are made. If, instead, Li is chosen by the firm each
:production period, then 4.:17) could be written:

* %
., PP, =Y /L, =
i i i

Yi(P,R;e,K,L)/Li(P,R;e,K,L)

F,(2,R;8,K,L).

 For the typical agricultural case, the vector 8 would contain 1)
measures of pre-season élimatic events and expectatious concerning the
occurrance of such events during the gro&ing season, 2) flows from -
marketed inﬁuts which are fixed in the short-run and 3) flows of non-
marketed inputs suqh as soil characteristics. The functional form of
Fi(’)vis clearly dependant upoﬁ ﬁhé form of G(*). Despiﬁe the reassuring
exactneés with which 4.17)‘is derived once the model of choiée is given;
the model of choice is itself subject to subétantial uncertainty. In
‘order td empirically implement 4.17) a functiongl_fqrm for Fi(‘) mustvbe

~ chosen or derived from G(*), and the elements of the vectors (P,R,9)
idéntified and measuredf The resﬁlting estimate of yieldvfor‘any year in
the sample is subject to random and sampling error. However, in addition
it is characteriéed byfthe'same unquantifiable specification error which
characterizes measurement of T;P.

| Strong evidencevéoncerning the'unCértainty that characterizeé the

"vspecification‘énd empiriéal implemenﬁatioﬂ of a model such as 4.17) is
provided by the existence of a wide variety of yield models. kNichol énd

 Heady [1975] base their model on fertilizer responsiveness and the impact
ﬁbfvprice cﬁanges on fertilizer use. Swanson and Nyankor [1979] focus
 exclusively,on the‘time trend in yields.. However, in additioﬁ to these

‘studies there>exists'an extensive literature focused on the effects of
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:vprices,’cllmate and technlcal change on yields. For example, Stalllngs
A [1961], Shaw and Durost [1962], ‘Shaw [1964], Bauer [1965], Oury [1965],
1.Willlams [1969], and Thompson [l969a and b, 1970] are each papers»focused'

,oﬁ the interaCtion oficlimate and tethnology.’ A single equatlon approach

to the study of the relatlon between yields of corn to output prlces is
found in.recent work byjHouckband/Gallagher [1976]4while'Luttrell,and
Gilbert [1976] foeus on the ptopettieskof‘the probability distribution -

from which the yield'series might be*drawn. However, -as has been argued

‘ above, because ylelds are 1nfluenced by productlon ch01ces, models of -

ylelds must: be based upon a 31multaneous consideratlon of cllmate and

teehnology'w1th1n a defens1ble.model of cholces made by the'flrm-v “The

choice model developediby Weaver [1977>'1980 ‘1981],provides\an eXample
of an attempt to 1ntegrate these factors in a model of ch01ce. A brief

: descrlptlon of thls model ‘can be found in Sectlon 4 4 below.

b, 4 Alternatlve Measures of the Blases of Technlcal Change»

“On Input Utlllzatlon

‘Section 2.3'presented a definition of what Hicks hasvdefined»as an

~ indicator of bias in the impactsfof technical change’on input
utilization. Section 3.3 noted how this definition could be written in

‘terms offehangesvin relative input‘use..”LianOSb[l97l] provided ewidence;

concefniug'the~natute'of this bias on the use of labor and found that -

techniCal'Change~had'been Hicks’.labor—saving during,the period

-:.u194941968. Although Llanos study was path breaklng, its current
- -usefulness 1s llmlted by 1ts rellance upon an: extremely 31mp11f1ed
'ljrepresentatlon of the product transformatlon functlon. Spec1f1cally, his

“approach assumes l)voutputs:are homogeneously separable_from'inputs-and »
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2) that inputs can be represented by two aggregate categories: laber and
eapital. His methodology did relax the assumption of constant returns ﬁo
scale and employed an algebraic form for the product transformation
function which did not a priori restrict the elasticity of substitution
between labor and capital to be unity. The last two specifications
represented welcomed advances; however, the two restrictiye assumptions
limit the study’s usefulness. .

Although the assumption of input-output separability was certainly a
eﬁandard of the time, its validity is an empirical issue. ‘The effect of
this separability can be seen as follows. If technology is input-output
separable, then the product transformation function 2.1) can be

equivalently written:

418) ¥, = F(Y) = H(X) = X

where YI is an aggregate output index,vsee Weaver [i977, 1981]. In
- general, it hight be expected thet relative input utilization depends
upon the output mix of the firm. By definition input—outﬁut
separeﬁility implies input use is independent of output mix and relative
output prices. An immediate implication of this is that as output mix -
changes no changes in input mix are induced. If, invfact, technology is
input-output separable,‘then the residual change iﬁ input mix not
acccunte&,for by chenges in relati?e input prices or levels of fixed
:input flows can be attributed to technicai‘change (if there are no other
errorsvin specification or measurement). Under these conditions an '

inference concerning biases of technical change can be made. On the

other hand, if input—-output separability is assumed, but does not
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characterlze technology then the residual change in input mix would

Hg‘reflect the effects of changes in relatlve output prlces and output le‘
‘~in addltlon to changes 1nduced in- response to technlcal change."The.
"COnClusiOn~can be:drann‘thatsthe‘lnapproprlateflmpositlon of the
~‘separab111ty restrlctlon can lead to- substantial errors 1n measurement of;‘
J{total factor as. well as b1ases 1n productiv1ty 1f, 1n fact,ﬁoutput mixes‘

fhave changed;g

The'implications.of'Lianos"representation of’all~inputs<byvtwo_

'h'aggregate measures labeled 1abor and capltal 1s not easy to determlne.g»x"
jImplic1tly, thls spec1f1cation assumes the 1nputs aggregated 1n the
-capltal account are homogeneously separable from those 1n the labor

~account and that ch01ce of whlch labor 1nputs are used can be made

independently of the ch01ce of whlch capltal 1nputs are used. This |

:}spec1f1cat10n dec151on may have been'necessary due to the restrlctlve
"propertles of aloebraic functlonal forms avallable at‘the time;; Howeverybpi
:‘oneklmportant 1mpllcatlon of its adoptlon is that the blases of technlcal -
fchange on relatlve use of 1mportant subcategorles of’lnputs such as'

‘petroleum products or fertllizer could not be 1dent1f1ed - and blasesf]

: measured for the two aggregate 1nputs may be erroneous.

B1nswanger [1974] addressed thls latter 1ssue by dlsaggregatlng the

‘dlnput vector 1nto aggregates of land labor machlnery, fertillzer and
other:xv Thls p0551b111ty largely resulted from the 1ntroduct10n of the;;): ;
: translog algebralc functlonal form by Chrlstensen et. al.. [1971]
ﬁh;However, Blnswanger did employ the‘restrlctlve assumptlons of 1nput-.*i
~t,}output separabillty as well as homothetlclty of technology. ylff;“d

' g,'technology were homothetlc, changes ln the scale of operatlon (or
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analogously the level of aggregate output) would have no effect on
‘relatlve input utllizatlon, see Weaver [1977 1981]. Thus,'as the output
fwhich can be produced by a given.buhdle of inputs:inCreases due to
technical’change, the expansion of output wduld not induce a change in
relative input use. :If\technology were homothetic, the residual of
sgchange rn relative'iuput“use which remains after the -accounting for the
:effect of changes in prices and fixed factors would reflect the biases of
-technical change: (in the absence of other specification or measurement
errors). 'However, if‘homotheticity is inappropriately5assumed, this
residual change in relative input use would also include a measure of the
rchanges of‘relative inoutiuse induced by changes/in output'levels.‘
.Blnswanger concludes that durlng the post-war perlod technlcal change has
resulted in greater fertlllzer and machlnery use and a reductlon in labor
- use. While these results are consistent with an intuitive consideration
'of trends in the agricultural sectOr, thevcaueats discussed above weaken
-the confideuce that should be placed'iu'the inference that these trends =
:‘uere induced by biases'in technical change. |

An additional assumptionkmade by both Lianos and-Binswanger was that
the parameters of their model could be interpreted as:representihg an
aggregation over ihdividual farms. Lianos used a time series of data
aggregatlng over all farms in the U.S. While'BinSWanger used data
aggregatlng across farms in states, he.assumed that technology was
identical up to neutral effects across states; Because of  the exteusiVe
variation of production alternatives facing farmers across the U.S. such
_geographiCal aggregation masks many important'questions relating to the

effects of technical change in particular homogeneous production regions.
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For example what haveybeen the blases of technlcal change in the corn-
Zsoybean reglon of the central nld-west or 1nkthe wheat-corn-small gralns
»region of the northern pla1ns7 | | | . ’

Weaver [1977 1980 1981] has presented a“model of ch01ce of 1nputs
7-5ﬁd outputs whlch relaxes some of the restrictlve assumptlons employed bf
" Llanossand*Binswanger.s Spec1f1cally, multlple outputs and multlple : H
'1nputs-are allowed and‘no restrlctlons are placed on the regularlty
lproperties (e.g. homothet1c1ty) of the product transformatlon functlon..
Furthermore, the uncertainty that faces theAfarmer,“the effects of
,cllmatlc events and the ex1stence of gorernment pollc1es‘are alsol
introduced into the model. v | 7
| The model was estimated for a post-war tlne serles [1950 1970) of
},hstate level aggregate data for North and: South Dakota, two states where
productlon alternatlves are domlnated by.wheat,vfeed grains, and
illvestock, Inputs hypothes1zed to be varlable in the short-run were’rﬁl
dirided'into'the follow1ng*categor1e5'd petroleum products, fertllizer,'
- labor, bulldlng and machlnery services, and operatlné supplles. Input ,~>
h;flows and factors beyond the control of the farmer 1n the short-run werei
»,hypothe31zed to 1nclude land, preseason prec1p1tat10n, ‘the wheat

"acreage allotment the feed graln base, and a time trend representlng

’f~changes in technology. The ex1stence of 1nput-output separablllty in fff»;7?7

.Q;thls sample of data was tested and rejected. Results based on-a model>

‘.l Whlch was free of restrlctlve assumptlons concerningulnput-output
Rdhseparablllty or homothet1c1ty 1ndlcate that technlcal change had a blased
'peffect on relatlve 1nput use in the sanple. | Speclflcally, blases

' appeared to. have been labor sav1ng, and fertlllzer us1ng relatlve to all
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:othér-inputs; Whilevthébefféct on réiatife capitél'utilizatibﬁ ﬁésutb
‘fedudéfcapital use relative to ail’iﬁputs except laﬁor in:whiéh'case"_A
capital.usé‘&as.relatively increased. Petfoleum product‘use wésvfbund to
'ﬁéﬁé been increased by technicaivchange relative to éli’iﬁputé excépt 
fertilizer. That is, altﬁough technicalvchaﬁge led to:increaséd usé‘of
, bofh petroléum products and fertilizer relative to other-inputsg“

fertilizer use was increased relative to petroleum produCt use.
5. Forecasting Productivity Change

Given an abililty to measure productivity at a point in time or its
change over a past period of time, to what -extent can the same
methodology be relied upon to forecast future levels or rates of change

of productivity? The issues involved in forecasting productivity based

on past experience will be reviewed in this section.
5.1 - Theoretical Considerations

As was noted in Section 2.l .the essénce of techhiéal change is

- sﬁructural change in the functional relation between outputs and inputso
- In order to achieve any measure of productivity it was argued that a
»stable fgnctional.relation must be introduced by theAredéfinition of
inputs in ﬁermS~of-efficiency units.. Howevef, empirical implementation
 6f'ec§nometric Based ﬁeasﬁres of'productivity required specifiéaﬁion of a
vector»of observable factors (labeled K) which‘traﬁslated physical input
units inﬁo éffiéiency uﬁits, Alfhough it might be'argued that the
struétﬁral‘phange resultant from'techhical change hés been énd will be a
‘smqqthbprOCQSS,'suchvé spécification éan at beét’represen; a hypotheéis,

the vélidity of which is characterized by substantial uncertainty.
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If structural change-ls not a’ smooth process whlch‘contlnues through

'time, then its predictablllty 1s severely limlted.¢ In the presence of
jesystematic, persxstent processes whlch can be modeled or explained

‘econometric forecasts can be accepted only on the cond1t1on that these>
'(‘oast processes»wall contlnue. However even condltlonal upon such
. cont1nuat1on- forecast’errors 1ncrease as. the distance from the sample of
't nast observatlons 1ncreases.' The,lncrease in~thls'forecast'error is
accentuated as sampllng error increases or uncerta1nty concerning the
rvalldity of the model spec1fication 1ncreases.b Flgureal.presents;an
7lllustration of this well—known relatlon between forecast error and

distance of extrapolation.‘

Confidenceiﬁand

- time:
t L

Flgure l Forecast Error for a Varlable
: Y Measured at t. ‘ :

An addltlonal caveat should accompany forecasts of orowth rates.
".gNamely, 1f the growth rates are forecast to per31st over a. long perlod of

"-‘time thevcompounding affect of_growth,must'be*recognized,andfits
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' ,rates and the implied levels of ylelds at various points in the future

are reported 1n Table 1 u51ng Wheat ‘as an example,

, Table 1
Impllcatlons of Alternatlve Growths Rates'

of Wheat Yleld

Yteld Levels'Assuming Annual Average Growth.Retes of
’:Year . ’,;;32' .50% '.75z< _ Ejl.qoz, B 1rzszv ; igsz o z,ozve"
1980 | 31,.h' 51 o3 ;vjvls$1"e 31 . lsi" 1!
:,2006'>33'13h h 34.25- vf35.99 h’,37.s3 N '39,742 ] ~41}75 » 46;06
V‘.2016 .34°25, 36.00 ’r»38.791f_'f41}7éth 44.99 ‘»'~’4é.46': ‘56.1S1j.f
2020 .41 37.86  41.80 ffh45.;5 g :>‘56,24 | 68;§5 R

Thevlmportance of’ these issues is dramatlzed by an example.~ As:

h;_§01nt estlmates, the credlblllty‘or mere approprlately the uncertalnty
rwhlch characterlzes productlvity forecasts can only be establlshed by “
‘scon51der1ng'the1r forecast'errors;' That 1s,'as e p01nt estlmate the .
r”forecast is 4 p01ht drawn from a dlstrlbutlon of p0331ble values. In the
,'usual case, it represents the mean. of these poss1ble forecasts;\ Although'

'"the;varlancevoffthls dlstrlbutlon (the.varlance of the forecast)-canbbe ;A
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'readlly estlmated typlcal forecasts of technlcal hange'have not

_considered them (see e. g.vS C S. [1980], Y.E Q- [l980I Suppose for

illustratlve purposes, that the portlon of total Varlatlon in y1eld that .

is explalned by'a model is‘9SZ. Desplte this substantlal ab111ty of the
,model to explaln varlation in. the sample, its accuracy in forecastlng (or-

the: varlance about its mean forecast) depends not only on. the R2 (=.95),

but also on the varlatlon in yields that is to ‘be explalned and the

differences-between the»forecasted values of determinants;ofvyield and

thelr sample means. These addltlonal factors could lead to- a substantlal

forecast error. For example, if the polnt forecast of y1eld for one year’»_

- away from the sample were 31. 387 representlng a'1.25% growth in yield

' from the prev1ous year s 31 OOO, it is concelvable that the varlance of

the forecast would be large enough that the ‘true value of the next year ‘s

‘fyield could lle anywhere between 28 and 34.’ By 1mp11cat10n “the 1mpl1ed

growth rate could lle anywhere between +~9 67%. |

The magnltude of thls varlance of forecast and, therefore, the range

~of uncertainty which would characterizeva'forecast,of‘percentage change-
' would increaseiasrthe forecaStwperiodcis extended.a As thlS occurs, the -

'model s abllllty to forecast 1s dlscounted however a further ‘error is

1ntroduced by errors in forecasts of the levels of the determlnants of

Jylelds in future years. The conclu51on must be drawn that the

'uncertalnty that characterlzes a forecast twenty years 1nto the future is

cons1derable. In fact,’as the. prev1ous example has 1llustrated it is-

5’.unllkely that 1f the forecast error were taken 1nto cons1derat10n that
"'ex1st1ng models wh1ch present mean forecasts of l O/ growth 1n v

_,product1V1ty (by any deflnltlon) could reject the hypothe51s that actual
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'gpowth would bé:-l.OZa Given this large range of possible error, point
’.forécasts of productivity change are ofvlimitéd value. Instead the
vériance éf the forecast, or other characteristics of its distribution

‘(if Bayesiaﬁ‘methods ére empioyed) are essential information in‘ény

fqregast. ‘Carrying this lesson back to ‘the problem of forecasting

v yields; if the hyp§thesis of ﬁegatiﬁe or zero growth in total factor
L productivity cannof-be'rejected By fhe models upon wﬁich forecésts are

1’baéed, tﬁén‘it follows that extensive increases in other inputé may be
‘ﬁeéeSSaty tg mainfain or increaée present yields in the future. -

5.2 Introduction of Subjective Information into
~ the Forecast

An important limitation ;n the ﬁseﬁulﬁeSS'of the past iﬁ forecasting
the future is thaﬁ valuable current iﬁformation may - be ignored.
V_Furthgrmore,uonly one meﬁhod as repreSentéd by. a ﬁodel'is typiéaliy
vchbseﬁ‘for iﬁtegrating~and synthesiiing past‘inforﬁation into a forecast;
e Thesé,two issues are interrelaﬁed in the sense that multiple sources of
information,ﬁhich are po;entially valuable for a foreéast may be
'évailable.'

Sélectibn of a foréCast from a single modél aﬁd based on a
particﬁiar data base‘is an im@licit‘voté of confidence that with
"t.prsbability One thafimédél's foreca;t is’éuperiof to all others. An

v”aitéfﬁativé is édggeéted by Bayésian nethods, see Zellner [1971].
Spécifiéally;'expert opinidnvand curreﬁt evidencé should be explicitly
- introduced info'the forecast through a prior distriﬁution. By the same
logic,. a rationale éan be coﬁstructed for introductibn of fofecésté based

. on alternative models. 'The uncertainty which was argued in previous
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tojdhéracterize modelé'of choice grants credibility td such a strategy.
Johnsoniénd Réﬁssef {1978] have reviewed methods along these lines. In
essénce, a weighted average fo:ecast is called for where the Weightsirépre—
sent subjectively assigned probabilities that‘particuiar forecasts will be
COfrect. |

5.3 Econometric Forecésts of Yields or Total‘Factor
Productivity
The iésués.raised in the last two sections can be placed in focus by
- considering actual methods évailable for forecasting yields or toﬁal
factor.producﬁivity.bkln ﬁhé case of yields an empirical fqrﬁ for yield
eéuation 4,17)‘presents‘the baéis for a traditional econometric forecast.
’For example, if at time t aiforécast is desired for yield at time t' = ﬁ

+ A, and the empirical form of 4.17) is given by:

5.1) PPt, = F(Pt,,Rt';et,

’KtysB) + et'

where B represents. the vector‘of'population parametefs of
. the algebraic for Y(.),.

€ _, is the population disturbance et,® N(O,CZ),

tl
theh’PPg, rgpreéén;s-avfo:ecast-given the.vectqr-of deﬁerminants (Pt" Rt}
et;Kt') énd the Sample disturbance Ut" PPt' is a random variable the
@istfibutibhiof‘which is deriVed'fromfthe distributibn_of U;:p"Given
normality of”thg‘disiriﬁutioﬁuqﬁ Ut"~PPti is'aléo.ﬁormally'distributed

vand its distﬁibutiﬁn isifully charactérized by its mean and variance. »Thiéb

mean forecast is given by

~ A

5.2) PP = F(B R B0 Koy

t"r B)



50

"~ n

where " indicates a forecasted value or for

B an estimate,

and is traditionally chosen as the forecast of the model. The error in
the forecast,
A

543) PRy, - PP, = [E(PP,) - PP, ] + [PP,, - E(PR_,)]

results from two quantifiable sources. The first of these is a sampling
- error represented by the difference betweenPPt,,the forecast from the
sample estimate of the population regression line and the forecast»E(PPt,)

'giVen by the population regression line, i.e.

-

S5.4) E(PPt,) = F(Pt,,R

~

tl; et, ,Kt/"B)

fhe seqond fesul;s from the randqm difference between PPt' and E(PPt,j, or
"~ the populgtion.disturbance.

Impiicitl?, this classiC‘parﬁitioning of the forecast error assumes-
‘that the form and arguments of PP(.) in 4.17) are known to the researcher.
In the méré realistic case, this information is not available and the
speéificatién of the form.and arguments. of PP(.) is subject toigreat"
uncertainty. Acknowledging this additional source of error
(gpecification efror), thevfirst E&pe of error (E(PEt,)-é;t,) would be
increaéed,'but in a nonquahtifiable way. The conclusion can be dfawn_
“ that in the absence of a'perfect specification, the variance of the
”foreéast discussed in the previous sections can only be intefpréted as_an'
eétimaté of the»lower bound of.uncertainty characterizing the forecast.

*. Finally, an additional error in-the forecast is assumed zero by the

vpartitibn'of the error in 5.3). vThis additional error follows from the
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errors in the forecasts of the levels‘of the determinants (P‘,,bAt,,,Gt,,'
' K ) which are requlred for a forecast of PP ,The error in the forecast'
of each of these can be partltioned 1nto sampling error and error duebto
random dlsturbance where an imp11c1t element in the sampling error is
spec1fication error; The compound effect of these»additional errors-is"

L to! 1ncrease the‘forecast error and 1ts variance for PP

| Ruttan [1980] presents a good practical example of the pos31ble

' magnltude-of these errors., He notes that during the 1950 s, Ruttan

’*f[l956] had forecasted that a contlnuation of relatlvely slow historical

productiv1ty growth rates (1 0 percent per year) could permlt substantlal

xgrowth in- output however, the realized growth rate in product1v1ty

= change wasvln excess of 2.2 percent per year. 'v | o
,’Similar"errors 1n;forecasts can be;expected to“accompany.long;range

-forecasts_of total factor’prOductivity,L EcononetriciforecaSting,ofitotal_

hffactor'productivitY'requires construction’oi‘azmodel:of'the'determinants

of technical)change;' The recent study of Lu, Cline and Quance [1979] is.

exemplary of this approach. It was establlshed in Sectlon 3 1 that a.

r, measure of total factor product1v1ty could be written.

5.5) “T‘-;-'P Y & x o = 8 a-f( G >
T Te s Tle e KOG e KTE

| Obv1ously, forecastlng of TFP cannot proceed by 31mply forecasting the'

L

.levels of determinants of Y which are the arouments of G( ), i.e.. (Y X,
“fve,iK);. In addition to these forecasts, a forecast based on'5. 5) wouldv

also.requlre a forecast of Y which depends upon a forecast of the level

htvof technlcal change. An alternative is to rely on the rioht hand 51de of

:j5,5)5; Given a historlcal estlmate of the elasticlty of G w1th respect to o
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K, e forecaeﬁ can be based*on‘ferecaSts"of K. ThevusefulneSS'of such a
fetecaet ﬁould'depend upon»the aeceraey‘of the forecast'ef i,‘the-
'_accuracy of,the meaSurement of‘GK end mcet imporﬁaﬁtly the abeegce ef any\
change in G in the future. It isvreasonable to cOnclude»thaﬁv |
ereliebilitj of a forecast basedfbﬁvthese required coﬁditith‘Wbuld not bek
‘ high;v | |
‘~’Eeeaﬁse the elements of K ere likely to be unobservable, an

attractive approach is to employ observable measures of the determ1nant=

of K;v The problem, of course, is that the theory of technical change is -

7"not well—developed and: may not lead to relations Which are ea31ly

quantifiable. Lu, Cline and Quance [1979] provide‘an 1nterest1ng attempt
: to forecast‘total faetor product1v1ty by explalnlng K . Speciflcally,-
they employ the U.S.D.A. measure of TFP rev1ewed in Sectlon 3.1) and

~ attempt to explain its historical variatiom as determlned by the level of
'}Heiimeﬁiciinputsb(w) (which are excluded frqm the U.SfD.A.~meaeure>6f
‘fFff;-the:educatienel‘levei ef farmers (E), productioe (R) endrnon-
preduction (NR) orieﬁﬁed researehiand eitension'expeqditures.,e -

ffTﬁe theoreticai link between this epproaeh and the theofeeical

frameworks reviewed in Section 3 can be seen by recalling that
TFP ?‘QI/XI -

ffif:inputévare assumed separable from outputs and
S e o ‘o
5.6) TFP = Qp - X

e . . o ° S . .
CIf QI is affected by climatic factors andet as argued in Section 3, and
- if‘X_I excludes any measure of these climatic effects, then

e o ; o - °
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o .

where W is the growth rate is climatic factors,

o, . v .
“and Gk,_a are production elasticities of G with

W

respect to K and We
If K is determined by present and past levels of (R, NR, E), then

ooy
5.8) Kt = K(R, NR, E)
Ny o
where R, NR, E are vectors of present and past

value of (Rt, NRt5'Et)’ gnd:

o [-13 (-1

K =KR +K_NR +K F
t Rt Ry TR B

: of ici .
where KR’ KNR’ KE are vectors of elasticities of Kt
with respect to changes in the elements of

]
R, MR, E.

and by substitution,

5.9)  TF 4?;’(;+KN';
-9) TFPto—‘KKRt' NR

<

t
+ % )+ E'%
KE t we”

’ *
If TFP is integrated between two points in time, say t° and t , then

. Cacen o T |
‘5.10) TFP o ?(Rt’l\ﬁit’%t’wt),

Following the logic of Sections 3 and 4, the form of T(*) (as is the form
chosen to calculate TFP) is directly dependent upon the functibnal fofm
of the product transformation function G(* ). Ideally, the.forms of TFP

and T(+) should be'consiStent.~;The-compositioh of each of the vectors of
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determlnants of K depend upon lags in the. processes relatlng them to K. |
Lu, Cllne and Quance assume T(*) to be of the Cobb—Douglas form in the
'elements of)R, NR and E and" transcendental inbwt. The resulting equation

can be written as a linear logarithmic form:

S.11)  InTFR_ = o, 10, +§_1nNR

" v
+ [ + v W
+ §tlnEt Yt e

-If‘the‘paraneter vectors (at,dtgﬁg,ytj'are assumed’constant.over a
particnlar sample period and if an,additive normally distributed
bidieturbancev€ is added to S.ll); then‘it-can be estimated by ordinaryi
_vpleast sqnares.' Lu, Cline and Quance estimate such a form of 5.11) using
“an Almon lag to determlne the lagged relatlons between ‘the hypothe51zed
"determlnants of K and 1nTFP. The resulting equation is used to forecast
‘future levels of TFP from which growth rates in TFP are calculated.
While this approach presents a forecast which~relativevto other

uecononetrlc forecasta leaves little»room for improvement,,the‘forecast
) errors are nonethelesé éubjecttq the forecast errors discnssed‘ab0ve in
the.context of yield forecasting. ‘It is unfortunate that Lu, Cline and
’Qdance do not report'the quantiflable variances‘of their forecaste. |
Although a standard deviation, maximum and minimum are reported in Tables
‘4-6 of their paper these represent characterlstlcs of the variation of |
thevmean forecast generated for dlfferent Values of the cllmatlc index
.Aand hav1ng no relatlon to the dlstrlbutlon of the forecastverror.'
K Although alternative forecasts are<offered'given different,growth,rates

- ian‘and'NR no information iskprovided concerning the accuracy'of any of

 these forecasts. The‘conclnsionvmust be drawn that as has been argued in
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prior sections the possibility of substantial error in these forecasts is

great.

5.4 Non-Econometric Forecasts of Technical Change

Sectidn:S.Zindted thaf éhe wéakness'in econometricufdrecasts is
their reliénce on past information and their implicit aséumption of
persistence of‘the“pfbcess which ﬁistoricaily haé generated the variable
for which aberecastfis desired.v An immediate implication of this latter
assumption isvthat cﬁrrgnt information may not bevincofporated into the
forecast. 1In many cases current information may in fact indicate thét

with high probability the sﬁructure»of past processesfwillbchange

rendering the past of less importance for a forecast. An alternative is

suggested by the cohmon ﬁractiée of forecasters to adjust thé:constant_
ﬁefm‘in econometric models to account for new, cﬁrrent infofmation which
may not be incqrporated in the model. The Bayésian and:compésite
forecasting;épproach feviéwédvih’Section'5.2;presents stili another -
altefnativew The Delphi approach preéents an operatioﬁal_metho& of
constructing a fofecaét which re1ies heaﬁily:on current informétion.‘.

An excellentvexample and éppliéatibn‘of sucﬁ an abproaéﬁ is

presented by Lu, Cline and Quance [1979]. In order to assess the

’possible‘impact of new agricultural production téchnqlogiesvwhich appear.

on the frontier, a group of expertsAwere interviewed, possible new.

“technologies wefe‘identified,‘subjective probability distributions for

.

the occurrance and adoption of the new technblogies were. constructed and

impacts on the total factor productivity for crops and’liveStoék

activities were assessed. Combiﬁation of this information allows the
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¢onst:uction of probability distributions of possible future productivity :
levels. Lu, Cline and Quance preéent the means of these distributions as
ﬁdint forecas;s; however; they pfovide no indication of their poséible
bdispersion or possible errqrrassociated with the point forecasts. A
‘maximum point forecast is provided which assumes early occurrance and
rapid'adoptioﬁ; however, this méésure cannot 5e interpreted as providing
'abmeasufe of tﬁe uncertainty or variance of the forecast error.

5.5 Forecasting Yields from Forecasts of Total
- Factor Productivity Change-
Section 2.3 noted that thé growth in yields could be wriﬁten in
terms of the:index of total factor productivity change and changes in
‘ butpuf‘due to-éhéngeS»in inputs. Specificallf, for the single outﬁut
case: |

Q o o

T S
5.12) PP = TFP + X, - L

e ‘
where XI is the growth rate of the index of total

inputs,
. .
L is the growth rate of the fixed input L

with respect to which yield is measured.

, » . ‘ =N
The forecast of each of the elements of PP is a random variable with
’via forecast error. In the simplest case where the distributions of these
errors. for the components are independent,; the variance of the forecast
) Q

of "yield will»always exceed that of a forecast of TFP, the index of the

effect of technical change on outputx In such a case,

5.13) 62(%P) = 02(T§P) + 02(§I)

+ o%(L)
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o wherefOZ(Z) indicates the estimated forecast error of Z.

Al&hbugﬁ it méy bevtru¢vthat a’forécast bf‘yield is of ultimaté‘iﬁﬁefeét
:té pdiicy‘fofﬁétion, 5f13)’iilu5trates that»thekpossible erfor in:aﬁy
forecaéf‘of~thevgfowth'rate of yield depends‘qfitically not -only on

. accurate.fprecasté Qf-total‘féctof'productivity,«ﬁut aiso on the forecast
errors,§f fofecésts §f'cﬁaﬁges iﬁ input uses as captured’by ;- and f;
fhese chéhgés depend upon relétive’pfiCes.énd exqgenebus factoré:facing-
thé fifm aSiindicafed'in'Sectioniz.' A f&recast,of yields;‘therefore,‘atb
lééét implicitly‘carrié9~§ith‘it a-forécast of these~déterminants of
input utiliéation. = | | |

6. ‘A Consideration of,Altefnati&e»Téchnicél Change 

Forecasts ~.1; ’. , TR ‘ '

‘PreVioﬁs,discﬁséioh ﬁasindted-tﬁé”ﬁncertainfy that characﬁerizes the
‘speéificatignvof ﬁodéls:which_éanlﬁé used for'forécasting aé well aS'fhat
which is assobiated‘with'a particular.forecéét, Despife,this
uncertainty;bor risk of‘éfrbf'the aésumed levels: of §roduc;ivifyvchangé
ih thevS.C;S5 [1980] and,C.E.Q5 [1980] offer only: point estimates Qf 
fﬁture groﬁth :atés; ‘S.C.S. fl980] employs a fqrgcast afgrowth rate df,
o “aéricuitufal producﬁivity" &aryiﬁg betﬁeéh .8%~an& 1112 whil;vC;E:Qs
‘1 [19801'reiies»éﬁ:a,férQCas; oﬁ'ﬁhe'grpwth rateiofltotaltoutpuﬁ-of=fbod:§s
2.2%. 1If it is assumed that the 5.C.S. [1980] forecast is one of total factor
 ‘prodnc£ivity iﬁ‘agficul;ufe% theﬁ‘its coﬁsiéteﬁcy-with the C.E;Q. [1980]
:préjection of"tbtai.output.grOWthfcan\be aSséssed>by gﬁpldyingvthé',‘
'définition'of totéi;factor_proddctivity giQen in:Se¢£ibn'2,fi,é; i

o

e e e
6.1) TFP =Qp - Xy -L
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'Ihat is, growth in outputs results.from.eithet changee in technology as
measured by TFP’drxchangesfin the‘levele of inputs, % or io"If‘the twov':'
= forecasts are con51stent then the’growth 1n the level of input |
utllltation as measured by XI or L would have to fall in the range of
jbl 17 to 1 3/ Because fixed 1nputs 8 other than land (L) were 1ncluded
inc the deflnltlon of XI. the growth in the level of 1nput use c0uld occur
as a result of'purchased inputs, the expansion of other fixed input use,
vdrtexpansion ofkland'uee.
| The‘accuraey of’auy'fotecast‘ie'&ifficult to asseSS as Seetion 5 has
- argued. Howeuer, invthe ease of these:point forecasts no‘discussien:is
v offered concerniug the-otigins of suspected or actual variance'of the )
vforeeasts. Following‘the discussion of Section 5, if these ﬁariahces are
;bf:usual magnitudev(ewga ;OZ of'the-mean»foreeast), then thevforecasts‘
ceuld take‘on a>Wideurange.of values. | :

7. Usefulness of Fotecastszu The Costs of Incteased

Output. B : ‘ '

Previoue sections haverfocuaed on the-ptoblems of’meaeuring theb
level of product1v1ty at an? p01nt in time and of forecastlng the change‘
| in product1v1ty in the future. - This and the follow1ng sectlon w1ll
"briefly eehsider*two imﬁortant uses of this information. The present’
-E'seetion will fecuabdp“determination of the possible eostsuef futthet'

tﬂiineteases in‘output While”SectienfS_wiil coneider'the usefulnees of the .

©distribution of the forecast error for an assessment of alternative
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bmethods of achleving spec1f1c goals forkthe supply of food.: While’it‘isgh
‘fbeyond the scope of thls paper to present an exhaustlve enumeration or
:con31deratlon of these costs,"an overv1ew ofthelr general nature is
,;appropriate. »

The costs of achleving any level of output fall 1nto‘two broad B
_categories‘ those 1nternal to the flrm and those external to the flrm.-V
':Wlthln each category there exist two types of costs.: pecunlary and non—'
‘ pecunlary. The pecuniary costs ‘in each case are observable costs whlch

Silare borne by e1ther the flrm,as in the‘case otvhigher 1nput expenditures;;i

‘{ffor by other flrms or consumers,as in the case of hlgher 1nput |

':expenditures~which'at least in the~short-run areeresultant»from increasesfl

"1n input pr1ces induced by 1ndustry-w1de expanded use' of 1nput. Other

v’i;'fpecunlary costs borne by the flrm mlght lnclude hlgher short-run f*

fiproductlon costs resultant from 1nput supply bottlenecks or:, f1x1ty whlch'j
-;?prevent the flrm from adJustlng 1ts resource mix to be con31stent w1th |
'”’:the best technology cost functlon.l In the long-run hlgher productlonjil:
ﬂrcost might be 1ncurred as a result of myoplc behav1or Whlch could lead to?f;
hhfsubstltutlon of slowly renewable 3011 1nputs for hlohly prlced mar&eted ;
jinputs,l External pecunlary costs would 1nclude such costs ‘as those J;hﬁ
vrlncurred‘by 1ncreased 5011 er051on or chemlcal run—offs.' In addltlon,
’i”fthe opportunlty cost.of chang1ng the output mix should also’ be ;hi
cons1dered. e ‘ | | |
ﬁon—pecunlary costs whether lnternal or externalvto the flrm result
,1from preferences‘of the: flrm s managenent or socletyrwhlch arevunrelatedk
ito‘monetary-Valuest,‘For this'reason;'theirﬂenumeratlon‘requiresh » |

f_kknowledge_of thesefpreferences;’jAn_examplefiSTthe traditional concensus
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‘:iﬁ the U.S. thatbfamily farming is aniinstitution uhich'deservee'
protectlon. If scale economies indlcated that substantlal 1ncreases in
output could be achieved by reorganlzatlon of family 51zed farms into
,larger scale productlon unlts, then the loss of family farming would
incurva,non-pecuniary external cost.e At.this-extreme,'when_the external
bcostnmay be-borne byball'of society:lt is labeled a soclal cost. Non-

‘ pecuniary costs which may be 1nternal to the firm are constltuted by the .
::vast array of soc1al, politlcal and cultural preferences which often
~affect productlon dec131ons and the adoptlon of new technology.

Whlle measurement of non-pecunlary costs is. extreme y. difficult and
‘inyolves methodologies whichlare.independent of'thosevemployed to measure
'»‘5: forecast'productiyity,lan estimaterof pecuniary”coSte of ekpanded:‘
'output can'pevobtainedyfronjinforuationlrequired:tovueaeure or forecast‘
Per#CtiVitva Estimates offthe_shortérun cost impacts of increased use
'*flof inputs can be directlygobtained fron parameter estimatee obtalned-oyv
”lethe eStimatiOn ofva profit function as.proposed iniSection' A.d leen a
progected scenarlo for prlces and levels of" flxed factors, prOJectlone of::
input—use, output. supply and short-run cost and proflt are ea31ly ’
‘Tattainable.“'In addltion, changes 1n’costs'and profitsuwhlch could be
‘eXpectedbto result from changesvin‘scale of operationyor output mixfcould
| ealso’befforecaSted; | | N |

External pecunlary costs of expanded output would be more dlfflcult ‘

",lrto,forecast. Certalnly, the research and exten51on expendltures

neceseary for"attainment of target 1eVels of productivity could be,
determined using a methodology such as that used by Lu; Cline’and,Quancem

" The probable costs of'conyerting_land to  be suitable forzcrop production”
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_could‘alsofbe estimated. Perhaps most dlfflcult to. prOJeCt would be the'
'external costs 1ncurred hy expanded use of particular types of inputs.
For exahple, petroleum inten31ve 1nput expan51on’depends upon supply.and.

' price levels which are dlfflCult to forecast. However, demand for
‘partlcular pest1c1des, herb1c1des or fertlllzer coustltuents are h1gh1y
respon31ve to output prlce levels (see e. g.; Weaver [1980]), the effects ,.'
of expanded demand on prlces would requlre careful study of the
Ucompet1t1Ve characterlstlcs of the local markets for these products.

f‘é;: An Ihsurance Approach to Food Securlty Based on
The Dlstributlon of- the Forecast Error »
:fThevlmportaucévof,theddistrlbutioh‘of‘the:forecast errorffor the

' consideratlon offalterhativefmeaus'of achieving_varlouS'food securityr

- objectives:caushelillustrated‘by aniexample.a_Supposeothatla{forecast.of'
htotal factorjproductivltvjchangefngohtaldedjfrohva;cohposition of j'b

;ZeconometricrfOrecasts,and“ekpert:opihion5andithat an‘eSCiuate of the{f
distribution_f(') of'thetforecast:erroraf;is‘alsohavailablesl_for

vexamplé;iff ‘”, o . - o |

,-i ,l;‘.~ SRR
8.1) %= TP - TFP
: then'u

e ‘"‘f°"t'i.,12fwi

8.2) . T.N*N(O,G%)'

where TFP .is the mean forecast -

.h‘o%.aslnoted’is Section -7 is not a constaht~but>depends upon
L 1)a the~variance of thefdisturbance in the

' 2
:’relatlon used to forecast TFP, and 2) T oy

e : .. TFP
the varlance of the sampllng error. o
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Social'pfeferehces-concerpiﬁg'fqod sééurity wpul& prqvide é basis
for the defiﬁition of a Welfare‘fﬁnction which wbuld désgfibe the welférg
:reéultént from partiéular_e?ents of,;ypesrof insécurity in the‘supply-of‘
food;. Fof ekample, suppose the focus’of soCialyéoncern were the relatidn“
; between‘the‘gr9wth rate in demand (6&5 and'thgt of‘thevsupply qf:food
(6;); however, tﬁe costs»(C) of achieving various.levels;of balance
between these growth rates is also of social imporfance; Suppose these
preferences qould be represented by a welfare function‘w(') defined at aj

particular time t as:

8.3) W= W(B) C)

wheré
o [+]
B=0Q, = Q |
¢ = G(T,E) where c, <0 ¢,>0,
T = My(P +Y) - M'X(R + X),

M., Mx are vectors of revenue and expenditure shares of

profit,
) o o o

E = E(Y,X,L) represents the external cost of growth, and time
déting subscripts have been omitted.

: R »

Note that cost C can be considered as including both pecuniary T ' and non—
: X ) ‘ o. .

~pecuniary internal as well as external costs in the vector E. Finally,

suppose the growth rates of demand and supply are determined as follows
(in matrix notation):

o-

8.4)  Qy .=n§ P +‘n.i ¢



A

are labeled (Y » X
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8:5) Qg =nyFHngR+n K4ng L
oo d s S T
wheren , N are vectors of demand and
"production'elasticities.

Now, in‘the‘eentext'df plahningtthe»probleﬁ is to select the growthl,‘
- . N . g . e o. o . .

’ : - o o o o v SR S .
rates of the elements of Y, X, and LAfor‘given‘scenarios-of (P, ¢, K, R).
- Since"theseblattervgrowth rates arefrandom; and‘endooeneous in the long-

. run: assume the planner seeks to max1mlze the expected present value’

dlscounted stream of welfare w reSultant from t1me t to a horlzon H whlch
g ‘9,, .

‘would result’from a‘partlcularjset‘of act;ons (Y*‘X;,L), Thef

: L : e @ . o 0 ‘ ’ . ’ : . : :
distributions of (P, R, K;¢)'can~be‘derived from the“distribution:of’

‘respective fbrecast-errors“ Suppose that the actlons whlch optlmlze W

o* Ok .
L ). Now: suppose that the worst p0851ble case

’
S o . o. 0o o
‘outcome for (P, R, K, @) OCCurs. The.loss ;n;welfare can;be wrltten:

o% O% oO% "ao*o

’8;6)‘,4 ‘W(Y XL ) - WYX L )

A ff” L . - S
- where: W is the present value discounted stream . =

»glef:welfare which'aettally~resultedffrbmp
; o* '.0*;~ . .
(y , X L ) glven the worse possible
'.outcome for (P R K ¢) whlle W represents

"-j‘maX1mum expected welfare glven the subjectlve

l_dlstrlbutlonheld for (P R K ¢)

“If W satisfies traditional neo-classical properties, then D will be
: positiveland interpretable as;the-loSs3incurred as’a=resultlthe»”5
,Occurrance'of-the Worse~possiblercase. Alternatlvely, the value D

multlplled by the probablllty of the occurrance of the worst case can be
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iﬁterpreted as the insurance value of protection from the worse possible
o o o o .
outcome of (P, R, K, ¢)s i.e., the amount the planner should be willing-
to-pay to avoid the worst outcome. In the case of food security it is
likely that there exist a number of unexceptable or the worst possible
scenarios which could occur with non-zero probability. The probabililty
of each of thése can be determined from the forecast error distributions.
One form of insurance could be thought of as the expense incurred as
a result of increasing the availability of a particular input beyond the

level which would result from optimization of W. Specifically, consider

ok n, )
an increase in L + By definition, of W and the assumption that BZW/BLZ <
-0,
a(\’ O* O* O* .
WCY ;X |L ) < 0
oL

o o o o 04 O4 04 O

’ *
whereas, for (P,R,K,) less than (P ,R ,K ,$ )

n
which leads to W,

Bff >0
oL
Therefore,
n, Q
3
3 _ 3w _ 3w
oL oL dL

Q Qo .
Similar results hold for Y and X. It follows then that loss incurred as
a result of undesirable possible outcomes can be reduced by control of
Q o -] o o
(Y, X, L). The problem with this approach is that Y and X (as

interpreted as marketed inputs) may not be as directly controllable as
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ﬁight E;-the growth rate of land'stocks. If this were the case, a strbng
argument éouldvbé constructe& for ﬁhe management of land stocks to
iéchieve a growth rate»whiqh réduces the poésiblé lossvtb én écceptable
level. Clearly, thé»rolevof controllablé determinants of technical
change such as research and extension expenditufesfmﬁst also be
recogniZed.‘ Tﬁe work of Lu, Cline and Quance“[1979], Ruttan [1980],
.Evenson [1968], an& Griiiches tl964],establishes a strong relation
between thesgkeﬁpénditures’and productivity change. kHowever, given the
: uncertainty ﬁhi;h cha:acterizes thé lag in their effects and the.
magnitude of their effects, laﬁd management may prqvide the most
expedient, least-cost alternative for insuring against the losses which

would occur if worse possible scenarios were realized.
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