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PROBLEMS IN THY ESTIMATION OF AGRICULTURAL PRODUCTION FUNCTICNS
_by D
Clifford Hildreth

The present discussion will be largely confined to a remort of a study .
recently conducted at Iowa State College. In this study it was deslred to
estimate the nroduction effects of warious rescurces used by farmers in a
faii-ly homogeneous area in Southerg Iowa. Data were available on the
operations of a ssmple group of 161 individusl farms in the area during the
calendar year 1947. Sinos the observed varisblas related to behavior of
actual economic units, it was to be expected that thay ma.'subjact to a
mamber of technical and economic relationships. An approach to the atatistical
treatnent of variables generated by a system of sinnltanonun relations
 has been developed by Haavelmo and others. Thig approach involves three
steps. The first is the formulation of 2 model specifying the a priori
aseunptions the investigator is willing to make about the variables that
enter the equations used to represent the simultaneous relatione, the alge-
braic form of the equations, and the characterisiios of error terms in the
equations. The gecsdnd step 1s the cor_midoration of the o:_:t.ént to which
unknown characteristics of the squations can be inferred from knowledge of
the distribution of the obaserved variables. This is cslled the problem of
identification and a paremeter of the model is called identifiable if comlete
knowledge of the dlstridution of the observed miablu would determine the
paraneter uniquely. These steps are followed by estimation of such of the
fdentificble parameters es the 1nves£igator wishes to estimste. This anroach |
was used to estimate agricultural nroduction mnetic;na for Southern lowa
using the data mentioned above. The process is sketched delow along with a
conparison of the production functions estimated by this approach with re-

‘gression oquationi estinated by least squares.




1. The Model
This was developed in collaboration with YWallace E. ﬁgg of Iowa State
College., It consists of a. cron nroduction fanction, a livestock production
funetion and five input-~decision relations. The two vroduction functions are -
1) 3y = 7. 0, 1)
(2 v, = ’2("2' o5 £, 1,) vhere

¥y Crol; output

yo¢ livestock cutput

v  erop labor -

¥5i livestock labor

Uk cost of services of crop equirment used

epi cost of services of livestock equipment and costs (other than feed)
of maintaining the livestock herd

£,} feed fed to livestock

1y¢ cost of using cropland during period

12: cost of using livestock land during periocd

These variables ard those introduced below were measured in dollars at
averape 1947 prices. However, since a dollar's worth of anything is a definite
physical quantity a0 long a8 a constant set of prices are used, the relation-
shipe may be viewed as physical relationships..

It is assumed that 1; and 1o are predetermined varisbles and that the
others are jointly determined by the relations of the modsl. The dscision
relations have not been written out explicitly but the variables that enter
them were derived from the following decision making model -

) v=u, i)

(1) 7} =¥ (w, &, 1)
(118) T, = Fplwps oy £, 1)
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(v) R"Elﬂl + »232 rba *;-‘;L, (51.2 +)?6J+G~D

(vi) R' =R 'xltwl Ywp - vp) ~Voley = B gty + (1 c3)rg
-,(Ll+r.2)eqev}q + Q- ,,,) YiFp *15(95 Py

where

U: utility fuanction of entrepreneur during period when input decisions
are made

Ts anticipated income of entrepreneur when input decisions are made

j:1H) anticipated minimum 1iquidity position during production neriod

¥1: anticipated crop production

',‘2: anticipated livestock produnction

wei family labor awvailable to entrepremmer during year (includes own labor)

21: value of stock of crop equipment owned at beglnning of year

Eo: value of livestock equipment and permanent herd at beglnning of year

le value of cropland owned

Lyt value of livestock land owned

D: debts of entrepreneur

J;: inwestments of entreprenscur outside the farm enterprisa

Bt 1iquidity velus of assets at beginning of year

Pye 121, ..., 53 rates of interest on investments in various assets.
Intereat mey be received explicitly or imputed.

t‘ tax rate on land

1
%! Interest on land (935 + T
‘f‘!i. 151, ..., 6! liquidity or loan ratios for various assets, 6.2.

: Gll is value of cropiand used

."J 15 is the amount of eash that can readily be borrowed on the

sntreprensur's crop equipment.



el .

¥3. 171, ..., 5¢ ovroportions of the year's exnenses or vroduction to
accrue before small graia harvest when the minimum ligquidity vosition
for the year igs normally resched.

- _
E:. =p ¥ - /1)6 where § 1¢ the rate of depreciation on cron equinment.

The decision making nrocess consists of choosing Wis W, 81, 05, T, 80 as
to maximize utility subject to restrictions (1) to (vi). If the derivatives
of U with respect %o esach of the decision variables are get equnl to. zero,
five decision _rﬁ'.lations result. If (1) 1s not assumed to be linear the decision
relations will, in general, contain the followlng wariables.-

Yie Voo &, 8, 12 = gndogenous

Lol . v Pe ‘1&
12 2’ 2} rredetermined
Ll' Lat Ji c! D

The five predetermined variables in the last row were not observed in thig
study. J, O, and D vere omitted from considerstion. Observations were availall e
for the total acres owned and total aares used by each entrepreneur. A varisble
T=1. %%’-é:%# vas introduced in the belief that it would contain some
of the information lost thru not obeerving Iy and Ly, Thus the model actuslly
employed contained seven predetermined veriebles and seven jointly determined
variables. Neglect of some of the vredstermined variables does not prevent
the investigator from obieining consistent estimates of parameters providing
the neglected varlables are not needed to establieh 1dentifiability of the
parsmeters. (see Koopmans, T. C., '*Statistical Methods of Measuring Ecopomic
Relationships®, Cowles Commigsion Discussion Papers: Statistics, No. 10, p. 115)

To consider identification and estimation for this model it is convenient

to revise the notation as follows Q-




II.

I1X.

n-n L -n
Yo~ Yo 12-32
v - 73 Ve -1,
4 - -z
vp - ¥y leez,j
e -~ ¥ ?, - %
fg-‘y7 7 - 5

Making & linsarity asswmption and including parameters smd zrror ‘ernms

in the nroduction equatisns nuts them in the form -
]
W'y *Byg75 *BTy Y Y 8o " ™

(2') 7, +Bog¥5 *Bog¥s * Bopy * Yoot YBw " w
vhere the Lo end u, are arror terms assumed to have zero means and finite
variances and the P's and Y's are paraneters to bda estimated.
ldentification
For equation (1') to be identifisble & necessary and sufficient condition
(ses Koopmans pv. 30-31) is thst the mrtrix containing the coefficients of

Tor Voo Tgr ¥y and g, %o 2q in the slx equations other than (1') have rank 6.
This matrix has slx rows and ten columns. While it is possidle thet the
tows are not linearly indenendent it seems a reasonable assmumption that they
are in view of the meaning of the clements and the fact that each row contains
ten elements. Identifiability of the emuation was, therefore, assumed.
Similar considerations aoply to equation (2').
Estimation

Th§ statistionl theory o simul tanecus economic relationshing =a dewsloped
in existing literature treats linear models (linear in the coefficlents and
the dependent variablms, the y's). However the arguments cen still be apnlied
if it is assumed that the equations are linear in some functions of the observed

variables. It hag often been sasgumed that oroduction functions are linear in
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logs of the observed variables. It seems quite wrobable that to assume elther
that the ovroduction equations ere linear in the observed values or linesr in
the logs 1 a falrly severs oversimplification of the true relationship end
the most we can hope is that the simplifying assumption will leave us with

2 reasonable approximation within the range of our data and the range we will
contemplate in apolying the resul ts.

The asgumption of linearity in the logs (constant slasticity) did not
seem necessarily better to the investigator than assuning linesrity in
observed values {constant marginal vroductiviiy). Consequently estimates
were firat obtained under. the latter assumption and then under the former.

The method used for semputing estimates has been called the limited information
method by Koopmans {op. olt. pp. 82«125). It had previously been referred

to as the reduced form method (see Girshick, M.A. and Haavelmo, Trygve.
"Statistical Analysis of the Demand for Food®, Econometrica 15«2, p. T9).

With this method we are able to obtaln consistent estimates of our vroduction

equations without writing out our decision relations in detail, The production

squations with the estimated narameters included are -
Production Functione Linear
A ‘ _
(1'') y; = %05 ~ .03ly; + 38liyy + 2,920z,
(21) 7, =366 + 1.078y5 + 5.11lyg + 327y + 5632,

Production Functions Linear in Logs
AT ° 01‘ °
A1) 5y = 6.65875 iy 205y 8

(211) ?2 = 9.61;5,.5465 ,.6-19“ y7«“?13,2.02'5

1V, Comparison With Single Equation Eatimates
Since the msbove estimates reruired noticesbly longer commutations than
would have been needed to f£it ordinarr regressions of the outputs unon their

respective inputs, it may be 6f intereat to ses if the results &iffer much
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from the estimated regression equations. Thg regression equations obteined

from the same data om imputs and outputs are -

Linear Regression Fouations
A . .
(%) 7 =9 + 517 g5 + 320 3y + 2,671 o,

(2) 2 = 5434 - 711 y5 + .0k2 yg + .16h y2+ 2177 2,
Regression Equations Linear in logs
(1%*) v, = 2,475 y3'h27yu‘27°zl'328

(20%) y, = 1.921 7S 26236.382’7.,38032.159

There is a strong general vresumntion that the tmme merginal productivities
end elasticlties are positive and that elasticities are less then unity. Parm
managzeneont workers familiar with the ares sampled also have rather strongly
held conclusions about the returns to varlous resourcea in the ares. Probabdly
the most univereelly held conclusion is that there ic an over supply of labor
in the aree end that marginal productivity of labor is smali, Other fairly

strong vpresumntlons about this area are that returns to crop land (zl), erop

equipment‘ (yu), and. livestock herd and equinment (ys) sre relatively high

and that returns to livestock land (25) are low. Orop ylelds 1n 1947 were
generally poor, however, and returns to crop imputs were vrobably substantizlly
lower than in other years. On the whole, the results for equations linear in
logs are more consistent with previous presumptions than those linear in
observed varisbles and the structursl production functions are nore consistent
than the regression equations. Because most of our presunrpuohs are in terms
of marginal productivities 1¢ 1s a little hard to consider equations (1''?),
(2414), (1%%), and (2**) in their sbowe form. They have been used to calculate
estinates of'marginal' vrodnctivities of each resource on an “averaze" farm -

i.0. 2 farm employving an average quantity of each resourss, These results
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are tabulated below; the liP“ column conteins margingl productivities estimated
from the structural equations and the HP, column contalng those estimated from

the regression equations.

oo ey ey
3 019 .22
n, .515 .527
5 949 1.435
O 1.320 2.557
g 5.620 5.315
77 T34 +825

25 .326 2.519




