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A stochastic frontier preduction function is defined for panel data on sample firms, such that the
disturbances associated with observations for a given firm involve the differences between
traditional symmetric random errors and a non-negative random variable, which is associated with
the technical efficiency of the firm. Given that the non-negative firm effects are time-invariant and
have a general truncated normal distribution, we obtain the best predictor for the firm-effect
random variabie and the appropriate technical efficiency of an individual firm, given the values of
the disturbances in the model. The results obtained are a generalization of tho:z presented by
Jondrow et al. (1982) for a cross-sectional model in which the firm effects have half-normal
distribution. The model is applied in the analysis of three years of data for dairy farms in
Australia.

1. Introduction

The stochastic frontier production function, proposed independently by
Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977),
has been considered and applied or mndified in a number of studies, including
Battese and Corra (1977), Lee and Tyler (1978), Stevenson (1980), Pitt and Lee
(1981), Jondrow et al. (1982), Kalirajan (1982), Bagi and Huang (1983),
Kalirajan and Flinn (1983), Huang and Bagi (1984), Schmidt and Sickles
(1984), Waldman (1984) and Coelli (1985). The earlier studies involved the
estimation of the parameters of the stochastic frontier produciion function and
the mean technical efficiency for firms in the industry. It was initially claimed
that technical efficiencies for individual sample firms could not be predicted.
Jondrow et al. (1982) presented two predictors for the firm effect for an
individual firm on the assumption that the parameters of the frontier produc-
tion function were known and cross-sectional data were available for sample
firms. Schmidt and Sickles (1984) considered a number of methods of predic-
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ting individual firm effects (and hence, technical efficiencies) given that panel
data were available on sample firms. Waldman (1984) investigated the proper-
ties of a predictor for firm technical efficiencies proposed by Jondrow et al.
(1982) and two other possible predictors.

In this paper we present a generalization of some of the results presented by
Jondrow et al. {1982), under the assumption that panzl data on sample firms
are available and that a more general distribution for firm effects, suggested by
Stevenson (1980), applies for the stochastic frontier production function.

2. The frontier production function
Consider the frontier production function
Y, =x,B8+E,, 1)
and
E,=V,-U, )]

where Y, denotes the appropriate function (e.g., logarithm) of the production
for the ith sample firm (i=1,2,..., N) in the ¢th time period (= 1,2,...,T);
x;, is a (1 X k) vector of appropriate functions of the inputs associated with
the ith sample firm in the #th time period (the first element would generally be
one); B is a (k X 1) vector of the coefficients for the associated independent
variables in the production function; the V,-random random variables are
assumed to be independent and identically distributed as N(0,6%) independent
of the U-random variables, which are assumed to be independent and identi-
cally distributed non-negative random variables, defined by the truncation (at
zero) of the N(p,0?) distribution. In addition, it is assumed that the V- and
U-random variables are independently distributed of the input variables in the
model.
The density function for U, is defined by

sl ;
o xR ©

where ®(+) denotes the distribution function of the standard normal random
variable.

The distribution of the non-negative firm-effect random variables is that
suggested by Stevenson (1980), which is the generalization of the half-normal
distribution (in which p=0). Pitt and Lee (1981) and Schmidt and Sickles
(1984) considered the special case of this model in which the firm effects had
half-normal distribution. As noied by Pitt and Lee (1981, p. 46) and Schmidt
(1985, p. 314), firms may discover, afier a period of time, the extent of their
inefficiency and adjust their input values accordingly. This is not assumed to
be the case in this paper.
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Schmidi (1985, p. 313) states that ‘ unchanging inefficiency over iime is not a
particularly attractive assumption, but on the other hand it is a powerful one’.
Schmidt (1985, p. 315) also states that ‘an important line of future research, in
my opinion, is to allow inefficiency to change over time... . Forsund (1985, p.
333) comments that application and testing of the panel data models for
Swedish dairy farms is currenily under way. Cornwell, Schmidt and Sickles
(1987), in their empirical analysis of twelve years of quarterly data on U.s.
airline companies, consider a frontier model in which the firm-effect random
disturbances are a quadratic function of time.

Our application of the frontier model (1)-(2) involves only three years of
data on Austrahan dairy farms and so we believe that the time-invariant
model for the firm effect random disturbances is not unreasonable.

The likelihood function for observations on the frontier production function
(1)-(2) is presented in Coelli (1985) together with its first derivatives, which
are required for obtaining approximate maximum-i.ikelihood estimates for the
parameters of the model.

3. Firm technical efficiency

We define the technical efficiency of a given firm as the ratio of its mean
production (in original units), given its realized firm effect, to the correspond-
ing mean production if the firm effect was zero. Thus, the technical efficiency
of the ith firm, denoted by TE,, is defined by

E(Yit*lUi’ Xiy L= 1’29-")
TE,= ,
E(Y,*|U=0,x,,t= 1,2,...)

(4) .

where Y.* denotes the value of production (in original units) for the ith firm in
the ¢th time period.

This measure necessarily has values between zero and one. If a firm’s
technical efficiency is 0.85, then it implies that the firm realizes, on average, 85
percent of the production possible for a fully efficient firm having comparable
input values.

If the frontier production function (1)-(2) is defined directly in terms of the
original units of production, then the technical efficiency of the ith firm is

TE,= (£,8- U)(%8) ", (5)

where ¥, represents the mean of the input levels for the ith firm. The
corresponding measure of (mean) technical efficiency of the firms in the
industry, denoted by TE, is given by

04’(’!"/0) —py~1
)}(xm , ®)

R S )
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where ¢(¢) represents the density function for the standard normal random
variable and X is the inean of the mput levels for the firms in the industry.

If the frontier production funciion (1)-(2) is defined for the logarithm of
PRI TS 4.1.”.-. d..n mendnatinmn far tha ith irm in the tth nerind ic avn( V. )
Proauciion, Uicii Uit Prouutiivll 1L UIG ¢ UL RILL A 1T ¢l PUiiUG 1S5 VAR 4,
The suggested measure of technical efficiency for the ith firm is thus

TE; = exp(-U)) ()

This measure of technical efficiency is equivalent to the ratio of the production

aiasswles waa. Ty wa VIS 1 EQLIVU UL

for the :th firm in any given pericd ¢, exp(Y,, )— exp(x,,B+ V,— U) to the
corresponding production value if the firm effect U, was zero, exp(x,,ﬂ -V,
The technical efficiency measure (7) is not dependent on the level of the factor
inputs for the given firm, which is not the case for the technical efficiency
measure (5).

Mha mane $an bm:nnl afRAsacoey f frrng in tl\ andag

2 “r man 1 a ity that Anrracnnnde tn
111C [liCail lcuuuba CILVICIIVY Ul LD 1 UV HIUUdL Yy UIal WUILIWOPULIIUS W
the measure of (7) is
the measure of (/) 18
1-®lo—(p/0 \
TE = / lo = (s/0)] exp(—p + 10?) (8)
\ 1-&(-p/s) |
13 ¥ W G R TNCI T. - SIC ST, T oo sla A0 % Lo T .
wicll B = VU, lIC 1ecdn e Cdl CIIIC Y {0) Id C{juadi tU Uldl GCIiveld Uy LCC
and Tvler (1078 n. 3287
Wl llel \“”u, r. .’U"
It is important to clearly define the appropriate measure of technical

efficiency before reporting numencal values. It appears that theie is a degree
of confusion in the literature on this point. For example, Jondrow et al. (1982),
in their discussion of empirical results reported by Schmidt and Lovell (1980)
for the U.S. steam-electric generating plants, state that ‘... the estimated

average technical inefficiency (mean of u) is 0.095Y, matcazmg about 9.6
nowvront torhninnl f1afBnions?® (mn V2WMs Ane italine Thiie Tandranr at ot /1099
Perires oSlrraelln aniCyjilscnily \p. «J9, Uul uauvo; L1IIUS JULIMIUW UL al. (1704)
estimate technical ineff ciency of firms ir: the industry by estimating the mean

of the ﬁrm eﬁ'ects [defined by u; in Jondrow et al (1982), but by U, above].
However, predicting the technical efficiency of the ith firm by predlctmg the
value of the random variable, 1 — U, rather than exp(— U)), as suggested in (7)
for the logarithmic case, is not recommended. The expression 1 — U, includes

only the first term in the power-series expansion of exp(— U;). The remainder
- .

w

in Schnu«it an;i Lovell (1980, p. 84), -the - e;hnlca ;“aencv for th U S.

for the half-normal model [cf. eq. (8) above]. The estimate for a2, reported by
Schmidt and Lovell (1980, p. 90), was 0.014452. [Note that o2 in our paper
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corresponds to o2 in Schmidt and Lovell (1980).] Thus, the appropriate
estimate for the mean technical efficiency is

TE =2[1 — (0.12)]exp(0.667226) = 0.911.

Thus, firms in the industry are about 91.1 percent technically efficient (or 8.9
percent technically inefficient). While this value is close to the estimated value
of the mean of the firm effect U, for this application, we believe that it is
important to evaluate the appropriate measure of technicai efficiency.

Given the definition (4) of the technical efficiency of a firm, it is evident that
its prediction depends on inference about the appropriate function of the
unobservable firm =ffect U, given the sample observations. We obtain the
conditional distribution ¢f the firm effect U,, given the vzlues of the random
variables, E;, =V, — U, t=1,2,...,T. This assumes that the values of the
parameter B8 are known,

Theorem 1. Given the specifications of the frontier production function (1)-(2)
and sample values of the random vector, E;=(E,, E,..., E,;), denoted by
e, =(e;y,€5-..., €Y, then the conditional distribution of U, given E,=e,, is
defined by the truncction (at zero) of the normal distribution with mean

pr=(-0%,+ T wol)(o2+ T %2) . (9)
and variance

o2=0%2(o2+ Te?) ", (10)

where
T
- __ mel
i T Z €+
=1

Further, the conditional expectations of U, and exp(—U,), given E;=e;, are
given by

E(U, | E;=e,) =pf +ou{6(~ut/00)[1 - (-pt/0)] 7'}, (11)
and
1-8[o, — (p/04)]
1-&(~p}/04)

Elexp(~U) | E,=¢,] = { }BXP(—M‘ + ']2‘03)-

(12)
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The proof of Theorem 1 involves straightforward, but tedious, algebra.

It is evident that the mean p}, defined by (9), is of order one and converges,
as T o0, to the limit lim,_, , — T7'¥7_.e;, = u,, which is the sample value
of the random effect U, for the ith firm. Further, the variance ¢} defined by
(10) is of order T~} and converges to zero as T — co.

It is readily seen that the results of Jondrow et al. (1982) for the half-normal
case and cross-sectional data are obtained by substituting p=0and T'=1 in
egs. (9), (10) and (11). Jondrow et al. (1982) did not, however, obtain an
expression for the conditional expectation of exp(— U,), given sample values of
E..

Given that the parameters of the frontier production function (1)—(2) are
known and the model is defined in terms of the original units of production,
then a predicior for the random variable U, in the technical efficiency of the
ith firm, defined by (5), is

Uy=M*+0,{o(-M*/0,)[1 - &(-M*/s,)] '}, (13)

where M;* is the random variable which is the counterpart of the mean p¥*,
defined by (9), that is

M*=(-0%E,+ T 'nol)(o+ T'lo,z,)‘l, (14)
where
_ T
E;=T"'} E,
=1

The preclictor l7 is the minimum squared error predictor of U, given E,,
because it is the condmonal expectatlon of U, given E, Further it can be
shown that U is unbiased for U, in the sense that E(U) E(U )- This property
follows from the result

E{6(-M*/0,)[1-&(~M2/0,)] ")

oy .‘[ ¢(—p/o0) }
(0,2,+T02)‘/4l1_‘p(‘ﬂ'/0)

Finally, the predictor U is consistent for U, as T'— oo, because the random
variable M;*, defined by (14) converges in probability to phmT_,w E U,
and the random variable ¢(—M,*/q,)[1 — ®(— M,* /6,)] ! converges in prob-
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ability to zero. The latter result follows because — M;* /g, is expressible as

_M'_*//a*=; o’E,~ T 'poj \\'1"1/2,
\oo,,(a +T % \)/2[

which would be negative for T large enough.
Given that the frontier production function (1)-(2) is defined in terms of the
tha e .

laaarithea Af aeadintina ) e adsntne £A ankaianl AR Al sy ~F sb. cal
IWRAl Wi UL yluuuvuuu, tnen a PIWIDLUL ior tne tecnnical HICICIICY O LIC TUt
firm, defined by (7), is
J \" /2
TR (1-®[o,--(M*/a,)] Y
i= ex +
i 1- Q(_M*,/a*) ) p( 20*) (15)

This predictor is obtained by replacing p¥* in (12) by M,*, defined by (14). It
is the minimum squared error predictor for exp(—U,), given E, and is
consistent as T — oo.

It should be noted that, given the model (1)—(2), in which firm effects (and
tecnmcal emcxencws) are tlme-mvanant the cons1stency of estlmators for

a
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4. Empirical application to the Australian dairy industry
Ly ol A 1 ™_° T h | a _ 21 e A P | _ A o ——
INC Australlan pairy indust 1S presently strucwurca accoraing to regu-
latiAane an samiiramante writhin tha Aiffarant ctataec Thao ctatac Anf Wew Q@anth
AAVAVLIED QLI l\r\lull\vlll\all‘ﬂ WYALALLLLILL UilWw VIILWIWILYL DOLALWWD: L LV OLGLWY Vil AVWwYY wDUWLLL
Wales and Victoria are foremost in terms of guantities of Ik roduced and

Q282 FISARLAG 416 VLA AL S22 B Rt e L

consumed. The market-milk pohc1es within these two states are substannally
different. The New South Wales Dairy Council acquires all milk produced in
the state, allocates quotas to individual dairy farms and, until recently,
requlred farmers to produce at least 100% of their quotas in each of the

1f\n‘ 1 ™ _

thirteen IOUI-WCCK.ly penoos of the year. Since Jllly , Ne Lairy

ealavad ta ramiieaniame waler frm nt lanct teralua ~F Inn

reiaxea its requirement to appiy 1or at icast tweive of tne 'inui'wu
ppnnde In Victoria, the nmrv Ipﬂnctr\l Anthoritv has been witl

AW WSTL Y farsadlaan J =eed VLIS

specific milk quotas since 1977 and mtroducmg a factory-based qu ota system.
In contrast to New South Wales, there are no penalties for Victorian farms
varying their production in different months of the year.

Although the Bureau of Agricultural and Resource Economics annualiy

conducts the Austraiian Ua1ry anUStl"’ burvey, it appears that there has been
~ el : LR +

O

P DL Y o P Ry 4% m e bl memleraia AL Sens Locas 1acral Aata Wa ~nn_
o SIgILAllL Proauction-1unciion It lyblb Ul '3“\4!] IAlIi=1EVEL Udtd. VW U™
cidar the actimatian aof frontier nroduction functions for the New South Wales
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and Victorian dairy industries. We seek to test whetiier the mean technical
efficiencies in the two states are equal and to predict individual technical
efficiencies of aalry tarms

much income may be derived from other sources. The Dalry Industry Survey
involves a stratified rotation sample in which approximately ten percent of
farms in the sample drop out each year and are replaced by other ferms. We
consider data for the three financial years, 1978-79, 1979-80 and 1980-81, in

L P ﬂ--..; P SR, A N,

WII.lL!l Iﬂc"@ WEIE no blgﬂ.lll‘ t arougiw io iﬁllﬂeﬁ € pPr
. . "

t
i (i=1,2,..., N) refers to the ith sample farm and the
£,

i
4 —1T M A\ wafacus s~ tlan s4la wrmneme V Aawmntas tha lasarithoas ~AF ¢tha
J ’ 1C1IC1Id W UG Uil _ycal, 4 QUIIULWD l.llc lusauuuu O1 Ui

F
t
total gr. SS farm returns, _nr‘lnding receipts frnm nrnpc {net nf levies, freloht

from other sources such as dalry produce, wool, etc., x, denotes the loganthm
of the value of total farm labor (in work wceks), which includes the operator’s
on-farm labor. other family labor, partner or sharefarmer’s labor and total
hired labor; x, denotcs the iogamnm of the vaiue of the total cost of fodder,

cand ~wd facsiliona. L P

| PPN Lo wrmbdiin ~F slas ~nmmiend
LU allu ICILIILCL, and » 3 UCIIUGD lnlc lusdllllull Ul lll vailu VUi LUIC Lc Plt' 1,
which involves the averace estimated renlacement cost of structures, nlant and
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equipment, depreciated for age.

The variables of the model (16) are expressed in value terms, rather than
physical units, because the latter were not available from the survey data.
However, the costs and price structures in the two states are similar because
of government requirements. The random variables ¥, and U, in the model

Vs IV 4 QPR (i S Ry PORP.Y . Lo al o o B0 B
(16) are assumed to have the properties specified for the corresponding unoo-
servable random variables in the frontier nroduction function model (1)-(2)
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Ordinary least-squares estlm,t ors of the ;lasticity parameters 8,, B, and\
in the frontler productlon function (16) are unbiased (condmonal on the
values of the indepencent variables). Because the mean of the random vari-
able, U, is positive, then the ordinary least-squares estimator of the intercept
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Table 1

Parameter estimates for frontier production functions for the New South Wales and Victorian
dairy industries.?

Variable Variance parameters Mean
) Log-  technical
Region Intercept Labor Feed  Capital §° % g likelihood efficiency
N.S.W.(N =43)

OLS. (R?=085) —063 0142 0.39% 0.666 0.088 0.0 0.0 -24.49 —
(0.54) (0.039) (0.027) (0.055)

ML. (.#0) -038 009 03558 0.724 0108 0472 020 -1549 0.770
(0.18) (0.011) (0.0077) (0.018) (31/10%) (0.061) (0.22) (0.114)

ML (p=0) —0335 00840 03602 0.7220 0185 2590 0.0 -1747 0.768
(0.047) (0.0029) (0.0026) (0.0044) (15/10%) (0.037) (0.014)

Victoria (N = 69)

OLS. (R?=071) 074 0058 0200 0.736 0120 0.0 0.0 -72.64 —
©48) (0.071) (0.027) (0.044)

ML. (p+0) 1.268 0.0670 00914 08143 0202 0770 039 -3932 0633
(0.025) (0.0045) (0.0016) (0.0022) (12/10%) (0.020) (0.29) (0.095)
ML. (p=0) 1688 00260 00853 0.799 0407 0887 00 -43.82 0657
(0.010) (0.0018) (62/10°%) (86/10°%) (27/10°) (0.0099) (0.0012)

Both states (N =112)

OLS. (R?=0.77) 013 0137 0277 0.700 0116 00 00 -11316 -
(0.36) (0.037) (0.017) (0.036)

ML. (p#0) 111 0035 0169 08160 0137 0664 085 -—66.45 —_
0.17) (0.0M33) (0.0012) (0.0028) (2/10°) (0.020) (4.17)
ML. (p=0) 101 0040 0179 0.785 0362 0.865 00 —85.06 -

(0.009) (0.0010) (0.0005) (0.0009) (5/10%) (0.008)

2Estimated standard deviations of the estimators are giver in parentheses below the parameter estimates.

The ordinary least-squares estimates were directly used as initial ¢stimates,
or used to obtain initial estimates, for the Davidon—-Fletcher-Powell method
of approximating the maximum likelihood (M.L.) estimates for the parameters
of the frontier model (16) for the dairy industries in each state and the two
states combined. Initial estimates for the ratio-variance parameter y =o2(o?
+ 02)~! were considered between 0.1 and 0.9. A range of initial estimates for
the parameter p were considered and corresponding initial estimates v’ere
obtained for the intercept B8, and the total variance parameter 62 = (6% + 0°).

The approximate maximum-likelihood estimates for the parameters of the
frontier models for New South Wales, Victoria and the two states combined
are presented in table 1. The estimates for the standard deviations of the
maximum-likelihood estimators for the parameters, obtained by the method of
Berndt et al. (1974), are presented in parentheses below the maximum-likeli-
hood estimates. Maximum-likelihood estimates are also presented for the
parameters of the frontier production function when the pcsitive random
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variable U; has half-normal distribution (i.e., p=0). Also presented are
estimates of the mean technical efficiencies (8) for the original frontier model
(16) and the restricted case involving the half-normal distribution.

a Il in tha feantiar
A joint test on the significance of the random variable U, in the frontier

mcdel (16) is obtained frem the generalized-likelihood ratlo If the random
variable is absent from the model (i.e., p=1vy=0), then the ordinary least-
squares estimators of the remaining parameters of the production function are
maximum-likelihood estimators. Thus, the negative of twice the logarithm of
the generalized-likelihood ratio has approximately chi-square distribution with
parameter equal to two. The values of the test statistic for New South Wales
and Victoria are 18.0 and 66.6, respectively, which are highly significant. We

thus conclude that both narameters of the distribution of the random variable

LRATR WRILILITRS SR2GS TSI PEaRRSti o U2 SA35 LRA0RA 2T AR L RALS LRAANSVIALL VGRARaRY

U, are not zero, and so it is significant for describing the distribution of gross
farm returns for dairy farms in each state. Further, if the parameter p has
value zero, then twice the negative of the logarithm of the generalized-likeli-
hood ratio for the restricted (g = 0) and unrestricted (u # 0) frontier models
has approximately chi-square distribution with parameter equal to one. The
values of this statistic are 3.96 and 9.0 for New South Wales and Victoria,
respectively. These values are significant at the five percent level and so we
conclude that the restricted frontier model (1 = 0) is not an adequate represen-
tation for the dairy industries in New South Wales and Victoria.

We note that asymptotic r-tests on the estimated p values do not indicate
that p is signifcantly different from zero at the five percent level. It is evident
that the parameter estimates for the generalized frontier function (16) are not
as precise as those for the restricted model.

An asymptotic chi-square statistic is also used to test if the parameters of
the frontier production functions for New South Wales and Victoria are the
same. The negative of twice the logarithm of the generalized-likelihood ratio
for this problem has approximately chi-square distribution with parameter
equal to seven. The valu. of the test statistic is 23.28, which is significant at the
0.5% level. We, therefore, believe thai the frontier production functions for the
two states do not have the same parameters.

Additional empirical analyses were conducted in which the frontier model
(16) was specified for three regions within each state. These regions were
defined by the Bureau of Agricultural and Resource Economics for drawing
stratified samples for the Dairy Industry Survey. The regional frontier models
within the given states were not sigaificantly different.

Estimates of the mean technicz! efficiencies, based on the frontier produc-
tion function (16), indicate that dairy farms in New South Wales are about
77% technically efficient, whereas those in Victoria have technical efficiency of

about 63%. These estimates are significantly different at the 20% level for a
one-sided asymptotic t-test.
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Table 2
Frequencies and percentages of technical efficiencies within decile ranges for New South Wales

and Victorian dairv farms
vicionan gamry iarms.

Technucal efficiency New South Wales Victoria
Below 0.3 0 2 (29%)
6.3-0.4 0 3 (4.3%)
0.4-0.5 0 11 (15.9%)
0.5-0.6 4 (9.3%) 19 (27.5%)
0.6-0.7 9 (20.9%) 15 (21.7%)
0.7-0.8 9 (20.9%) 9 (13.1%)
0.8-09 18 (41.9%) 8 (11.6%)
Qver 09 3 (7.0%) 2 29%)
Total -3 (100%) 69 (100%)

The elasticity estimates obtained for New South Wales and Victoria are also
significantly different. The labor and feed elasticities are larger for New Souvth

Wales. This may be due to the significani amount of hand feeding on New
Canth T :1ac? fnrmg ing tha wrnt the in Ardar ta auvnid inocnseing
AW LIL PV ANGay LA LA

5
=
=
E
’Q
3
ol
=
=S
~3
2
5
=t
2
N
n
3
>
4
-
=
1]
7
€
el
2
=3
=
E
D
N

P naities for not mair

SewAR 2SS Sa ——a SNRSSIEST MmvRRS S¥S L) vaaw = SWYY e e oaa T T A

1taining n
D'alrv Council. The elast1c1tv estimate for capital is significantly greater for
Vicioria than for New South Wales.

Using the estimated parameter values for the frontier production function
(16), predictions were obtained for the technical efficiencies (15) of individual

uau'y farms in New South Wales anc VlCIOl'la The values obtained are

crnrmmmamiead hy ranarting tha feaaman nantoaac) Af farmae ryithin tha
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decile ranges irdicated in table 2.1 For dairy farme in New South Waies, the

technical efficiencies ranged from 0.548 to 0.927, whereas for Victorian faimns,
the range was 0.296 to 0.934. Thus, the technical efficiencies of Cairy farms in
Victoria are much more variable than in New South Wales and are generally
lower. This implies that dairy farms in New South Wales operate closer to
their frontier production function than du their Viciorian counierparis with
nnnnnn 4lania fon farannésmen carily imnly

respect to their frontier production function. T his does not necessarily imply
that dairv farme in New South Waleg are more economicallv viable than dairv

VAL T WhiRsd ) LKA LEAC 22k AVW M mae VY SRawd RS AAVAS e vaiValdlvGas )y 2GS AN RRaliS

farms in Vlctona. In fact, a recent study by Lembit and Bhati (1987) suggests
that Victorian dairy farms are generally more cost-efficient than those in New
South Wales. This study compared the cost of milk produ.uon in regions of
the two states separated by the Murray River. These regions have similar

1 predictions of firm technical efficiencies should be reported with suitable measures of the

precision of the predictors (15). These are not presented in this paper because the frequencies of
the nredicted technical efficiencies are listed in the different ranges for descriptive purposes.
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topography and climate, but the farms in the different states operate under
different market-milk policies.

5. Conclusions

Our application of stochastic frontier production functions to the dairy
industries in New South Wales and Victoria indicates that the traditional
(average) Cobb-Douglas production function is not a suitable model. Given
that the generalized frontier model (16) applies, then ihe half-normal distribu-
tion is not an adequate representation for the individual firm effects, which
determine technical efficiencies of farms. This concurs with the findings of
Stevenson (1980) in an application involving only cross-sectional data for the
U.S. Primary Metals Industry. The more general model for describing firm
effects in frontier production functions accounts for the situations in which
there is high probability of firms not being in the neighborhood of full
technical efficiency. This is not the case for the half-normal and exponential
distributions. However, it is obvious that further research is required on the
modelling of technical efficiencies of firms over time for different industries.
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