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NCN-PARAMEI'RIC MEASURES OF TEX::HNICAL EFFICIENCY IN MILK PIDcucriOO 

Boris E. Bravo-Ureta 

This paper presents estimates of technical 
efficiency in milk production based on Farrell's 
non-parametric frontier production function rreth­
odolOCJf . Data fran a sarrple of Maine and Vernont 
dairy farms, included in the ELFAC business anal­
ysis for 1979, were used to derive Efficient Unit 
Isoquants for capital-labor and concentrate feed­
roughage corcl:>inations. The analysis indicates 
that milk production in Maine and Vernont farms 
was characterized b{ significant technical inef­
ficiencies during 1979. 

I • INI'IDcucriCN 

The degree of technical efficiency with 
which resources are used at the aggregate and 
micro levels is a key indicator of econanic per­
forrre.nce. Tedmical inefficiency, which oc=s 
whenever there is a divergence between the exis­
ting use of resources and at¥ theoretical or em­
pirical opti.num, hinders overall econcrnic gra.rth 
and thus is costly to society and to individual 
econcrnic agents (Heaqr). In order to minimize 
such costs, empirical estimates of actual perfor­
mance and of efficiency gains that could be 
achieved b{ individual firms or entire indus­
tries are required. 

The purpose of this stuqr is to establish an 
empirically optirrum use of resources and then 
measure the gap that exists between technically 
efficient and inefficient firms in a sarrple of 
northern NEM England dairy farms. A major con­
sideration will be to derive efficiency measures 
that are rreaningful and useful not only to re­
searchers, but also to students, extension per­
sonnel and milk producers. 

The organization of the paper is as follo(.ls . 
Section two contains a si.JIT'D'l'Bry of Farrell's ap­
proach for estimating efficiency follo.Yed b{ a 
description of the data and definition of vari­
ables in section three. The analysis of techni­
cal efficiency in milk production is presented in 
section four and the final section contains the 
usual concluding remarks. 

II. FARRELL Is APPIDArn TO MFASURIN3 EFFICimcY 

Enpirical work measuring tedmical effici­
ency has relied extensively on the use of average 
factor productivity, efficiency indexes, and 
econcrnic-engineering rrethodolOCJf • Although the 
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average factor productivity criterion has been 
widely used it has the major shortcoming of con­
sidering only one factor at a tirre, thus ignoring 
the presence of other inputs 'which affect aver­
age (and marginal) productivity" (Lau and Yotop­
oulos, p. 94). Attempts to surnount this short­
coming led to the development of elaborate effi­
ciency indexes in-which a weighted average of in­
puts is carpared with output . Even though these 
weighted averages have been refined over tirre, 
they are plagued with the usual index number 
problems (Domar). 

The econcrnic-engineering approach has been 
used extensively to stuqr the relationship be­
tween cost (efficiency) and fann size under spe­
cific assumptions (eg., Buxton and Jensen; Mad­
den; Miller et al. ) . Estimates obtained using 
this technique do not reflect actual fann situa­
tions and are realistic only to the extent that 
specific assumptions are rret (Hall and LeVeen). 

In a seminal paper written alrrost three dec­
ades ago, Farrell introduced a measure of effici­
ency which reflects actual firm performance, can 
include all relevant factors of production, and 
is not subject to index number problems. The 
method, as originally presented, yields a deter­
ministic non-parametric frontier production func­
tion (FPF) defined as "an empirical function 
based on the best results observed in practice" 
(Farrell, p. 255). The frontier function has the 
added advantage of being consistent with the con­
ventional definition of a theoretical production 
function, and thus has a direct economic inter­
pretation. It should be noted that most empiri­
cal wprk is based on 'average' production func­
tions even though their econcrnic rreaning is much 
less clear-cut than that of frontier functions 
(Timner 1970). 

In order to measure efficiency Farrell 
started b{ assuming that a group of firms in an 
industry produce a single homogeneous output (Y) 
using two inputs (~ and x2 ) under conditions of 
constant returns to scale. Dividing each input 
b{ the level of output the three dimensional Y, 

~
, X surface becomes a two dirrensional plane in 
/Y ~d X/Y which can be represented in a sirrr­

p e isoquant map. One special feature of this 
representation is that a particular isoquant, the 
Efficient Unit Is<XIUant (EUI), can be drawn 
reflecting those firms that use the least amount 
of inputs per unit of output. Curve SS' in 
Figure 1, which is a reproduction of Farrell's 
Figure 1, is a graphical illustration of an EUI 
and represents an estirrate of a non-pararretric 
frontier production function. 

Firms using input corrbinations that coincide 
with the EUI, points Q and Q' on Figure 1, are 
said to be 100 percent technically efficient. 

1 'Average' production functions are " •.• those 
estirrated b{ a statistical technique such as 
least squares that minimizes errors on both 
sides of the estimated function •.. " (Timner 
1970, p. ll7). 
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Figure 1. The Efficient Unit Isoquant (Farrell, p. 254) 

s' 

A' 

0 INPUT 1/0UTPUT 

SS' Efficient Unit Isoquant 

AA' Relative input price ratio 

Q,Q': Technically efficient firms 

p Technically inefficient firm 

Q' Technically and price efficient 
(i.e., economic efficient) firm 

.29. ~ 
OP 

Measure of technical efficiency of firm P 

OR 
OQ • Measure of price efficiency of firm Q 

OR 
OP "' 

OQ OR 
OP x OQ = Economic efficiency of firm P 

Arr:f firm observed operating off the EUI, such as 
point P on figure 1, is considered technically 
inefficient. A measure of the technical ineffi­
ciency of firm P is given cy the ratio OJ/OP 
which represents the miniirum level of inputs act­
ually used cy firm P. 

The EUI fraJreWoik can also be used to meas­
ure price or allocative efficiency provided that 
input prices are kno.m. Assuming that the slope 
of line AA' in Figure 1 represents the prevailing 
relative input price ratio, then a 100 percent 
technically and price efficient firm is one that 
operates where the price line is tangent to the 
EUI. It follo..rs that firm Q ' in Figure 1 is both 
technically and price efficient, while firm Q is 
technically efficient but price inefficient. 
Price inefficiency for firm Q is measured cy the 
ratio OR/OJ. Finally, a rooasure of (overall) 
econanic efficiency can be derived cy IIU.lltiplying 

2 
It should be clear that points lying on the EUI 
and to the northeast of it are attainable while 
all points to the southwest of the EUI are in­
feasible. 

70 

technical efficiency times price efficiency. 
Thus, economic efficiency for firm P in Figure 1 
is equal to OQ/OP X OR/OP. 

The EUI was generalized cy Farrell to sever­
al inputs and outputs and m:l.de rrore operational 
cy Boles and Carlson through the use of linear 
prograrnning techniques. 'Ihe greater generality 
achieved cy including rrore than two inputs is 
offset cy the difficulty of visualizing the non­
parametric production function unless it is con­
strained to a specific algebraic form. "'Ihen the 
constraint of a functional form IIU.lst be balanced 
against the ease of visualizing the production 
surface" (Timrer 1970, p. llO ). 

A further generalization of Farrell's teCh­
nique, which has been extended cy Farrell and 
Fieldhouse, Boles, and Carlson, relates to the 
assl.lltption of constant returns to scale required 
to develop the EUI. Farrell relaxed this assllllp­
tion cy using the 'grouping method' which sinply 
consists in segmenting the observations based on 
output level and then estimating the EUI for each 
output group separate:!¥. A carparison of the re­
sulting EUis provides an esti!l'a.te of scale econcr 
mies. 



Farrell ' s method was also the basis for the 
parametric detenninistic methodolOC1f developed to 
measure technical efficiency by Aigner and Chu, 
and extended by Tirnrer (1970 and 1971). M::lre 
recent work dealing with detenninistic statisti­
cal and stochastic frontiers can also be traced 
to Farrell's initial paper (e.g., Aigner et al.; 
Bagi; Lesser and Greene; Sclunidt). --

The preceding discussion indicates that sev­
eral procedures for estimating frontier functions 
have evolved fran Farrell's initial contribution. 
In spite of this methodological progress, King 
has argued that the original EUI representation 
of a frontier production function can be a very 
useful tool in teaching, research and extension 
activities and that mudl can be gained by rrore 
general use of this approach. Hence in this 
paper the EUI concept is applied to measure tech­
nical efficiency in milk production. Specifical­
ly, EUis are used to investigate the substituta­
bility between pairs of inputs, identify the 
presence of econanies of size, and determine 
whether technical efficiency in milk production 
differs between the states of Maine and Verrront. 

III. DATA AND DEFINITICN OF VARIABLES 

This section contains EUis for milk produc­
tion based on a sanple of Maine and Verrront dairy 
fa.rrrs included in the ELF11.C business analysis for 
1979. After eliminating incx:rrplete records, 67 
fa.rrrs located in Maine and 96 in Verrront remained 
in the data set and were used in the analysis. 
In order to investigate the inpact of farm size 
on technical efficiency, the sanple was divided 
into small and large fa.rrrs. Farms with a herd 
size equal to or belcw the sanple median of 60 
ccws were defined as small, and fa.rrrs with rrore 
than 60 ccws were classified as large. 

Five variables were included in the analysis 
reflecting milk output and four inputs used by 
each farm in the sanple. The specific variables 
selected are: 

Output - Annual milk production per farm meas­
ured in pounds adjusted to a 3. 5 percent 
butterfat basis divided by 100,000. 

labor - Measured in annual full-time nan equi v­
alents per farm divided by output 

Capital - A measure of the flew of annual 
machinery and equipnent services per farm 
divided by output. The flew measure includes 
an o~rtuni ty <XlSt an the machinery and 
equipnent capital stocX ( .06 x value of the 
machinery and equipnent stcx:Xs), plus annual 
expenses on gas, oil, repairs, and mainte­
nance. 

Concentrate Feed - Pounds of purchased dairy 
concentrates used annually per farm divided 
by output. 

Roughage - Tons of hey equivalent produced per 
farm divided by output. (Using hey equiva­
lent production instead of cansurrption could 
lead to misleading results if these figures 
vary considerably fran each other. HaN' ever, 
only the production data were available. ) 

Table 1 contains a sumrrary of descriptive statis­
tics of the variables used in the analysis. 
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IV· EFFICIENT UNIT Is:xJUANTS FOR MilK PBOilJCriCN 

This section presents a series of EUis for 
concentrate feed-roughage and capital-labor carrr 
binations. These EUis are the basis for compar­
ing technical efficiency in milk production in 
dairy fa.rrrs in the states of Maine and Verrront. 
It should be stressed that the measures of tech­
nical efficiency presented belcw are based on the 
use of only two inputs at a time and thus do not 
provide an overall measure of technical effici­
ency for the fa.rrrs in question. 

By construction, the position of an EUI is 
determined solely by a subset of the data which 
makes it very sensitive to extreme observations 
and measurement errors (F9$rsund et al. ) . In 
constructing the EUis presented in Figures 2 
through 4 it was arbitrarily determined that at 
least four observations should lie on the iso­
quant. In order to accx:rrplish the latter and 
still draw convex isoquants compatible with con­
ventional neoclassical production theory, it was 
necessary to delete seve13 extreme observations 
frcrn the original data set . 

Figures 2A-2C represent concentrate feed and 
roughage carobinations used to produce one unit of 
milk in Verrront and Maine dairy fa.rrrs. The wide 
scatter in the observations shewn in Figures 2A 
and 2B reveals considerable technical ineffici­
ency in the use of these two inputs in both 
states, but particularly in Verrront. A carpari­
son of the EUis in the top two figures, as sho.-m 
in Figure 2C, reveals that Verrront farms achieve 
higher efficiency when concentrate feed is higher 
than 31,000 (lbs./output) and roughage is lcwer 
than 35 (tan/output). By contrast, when concen­
trate feed is belcw 31,000 (lbs./output) and 
roughage exceeds 35 (ton/output) Maine farms 
exhibit a higher level of technical efficiency . 

Figures 3A-3C present EUis for concentrate 
feed and roughage when the sarrple is divided into 
small and large farms. A carparison of figures 
3A and 3B suggests that, overall, large farms 
tend to be rrore efficient than small ones. 
Figure 3C, hcwever, shews that the EUI for small 
farms is closer to the origin when concentrate 
feed is higher than 32,000 (lbs./output) and 
roughage is lONer than 29 (ton/output). 

The technical efficiency of Maine and Ver­
rront farms regarding capital and labor catibina­

. tions is sho.-m in figures 4A-4C. The scatter of 
points in Figure 4A and 4B reveals a wide range 
of efficiency in the use of these two inputs in 
both states. When the EUis for each state are 
compared in one diagram, as in Figure 4C, the 
data suggest that the level of efficiency at­
tained in Verrront is higher than in Maine. 

A final set of comparisons, sho.-m in Figures 
5A-5C, correspond to capital-labor catbinations 
when the sanple is classified into small and 
large fa.rrrs. The relative scatter of individual 
farm observations in Figures 5A and 5B shews that 

3 A rrore elaborate approach for handling extreme 
observations is given by Tirnrer (1970) pp. ll5-
ll6. 



Table 1. Descriptive Statistics of Variables Used to Derive Efficient Unit Isoquants Based 
on a Sample of Northern New England Dairy Farms, 1979. 

Unit 1/ Standard Minimum Maximum 
Variable (per year) Mean Deviation Value Value 

A. Maine Farms (N=67) 
Hilk Production 
Labor 
Capital 
Concentrate Feed 
Roughage 
Cows 

B. Vermont Farms (N•96) 
·Milk Production 
Labor 
Capital 
Concentrate Feed 
Roughage 
Cows 

C. Small Farms (N~89) 

Milk Production 
Labor 
Capital 
Concentrate Feed 
Roughage 
Cows 

D. Large Farms (N~74) 

Milk Production 
Labor 
Capital 
Concentrate Feed 
Roughage 
Cows 

lbs/100,000 
Man-Equivalent 

Dollars 
Pounds 
Ton 
Head 

lbs/100,000 
Man-Equivalent 

Dollars 
Pounds 
Ton 
Head 

lbs/100,000 
Man-Equivalent 

Dollars 
Pounds 
Ton 
Head 

lbs/100,000 
Han-Eq ui valent 

Dollars 
Pounds 
Ton 
Head 

10 . 66 
0.32 

1,437.60 
43,094.08 

53.17 
77.16 

9.27 
o. 30 

1,219.37 
41,978.80 

59.12 
65.98 

6.10 
o. 35 

1,287.02 
42,571.25 

56.87 
45.25 

14.33 
0.26 

1,335.59 
42,276.04 

56.43 
101.03 

6.48 
0.10 

461.13 
10,906.47 

18·. 53 
51.71 

5.28 
0.10 

481.10 
8,139.16 

27.97 
33.68 

1.54 
0.10 

439.86 
9,111.34 

28.72 
8.55 

5.91 
0.08 

459.30 
9,711.06 

18.81 
46.38 

2.47 
0.18 

577.10 
20,565.90 

8.90 
25.00 

3.61 
0.14 

492.59 
26,413.00 

16.90 
25.00 

2.47 
0.18 

655.70 
24,525.60 

8.90 
25.00 

4.53 
0.14 

492.59 
20,565.90 

20.90 
61.00 

1/ Labor, Capital, Concentrate Feed, and Roughage are divided by Milk Production. 

37.37 
0.68 

2,745.37 
65,385.20 

101.00 
350.00 

28.41 
0.56 

2,593.30 
60,942.26 

169. so· 
202.00 

10.44 
0.68 

2,745.37 
63,250.20 

169.80 
60.00 

37.37 
0.53 

2,505.55 
65,385.20 

108.80 
350.00 
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Figure 4. Efficient Unit Isoquants for Capital/Output (CAPIT) and Labor/Output (LABOR) Combinations 
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inefficiency in the use of capital and labor is 
considerably higher in small dairy farms catpared 
to large operations. When the EUis of Figures 5A 
and 5B are presented on the same diagram, as in 
Figure 5C, the data shew that large farms achieve 
a higher level of efficiency than small farms . 
In other words, the EUI representation of capi­
tal-labor COI'lbinations supports the contention 
that economies of size are prevalent among effi­
cient dairy farms. 

v. CXlNCUJDIN3 REW\RKS 

The purpose of this paper was to establish 
an enpirically optinum level of resource use in 
miJk production and then determine the gap be­
tween the optinal and actual perform:mce of a 
group of Maine and Ve:mont dairy farms. Fbllew­
ing King's suggestion, Farrell's non-parametric 
frontier production function approach was used. 
The analysis was limited to two inputs at a time 
in order to illustrate the usefulness of Far­
rell's approach in teaching and extension, as 
well as research endeavors. It should be 
stressed that limiting the analysis to two inputs 
makes it possible to visualize the production 
surface, but yields only partial measures of 
teclmical efficiency. 

The EUis derived fran the data represent em­
pirical measures of maxinum technical efficiency 
while the distance between an EUI and observa­
tions lying awey fran it provides a measure of 
teclmical inefficiency. A carparison of the EUis 
for concentrate feed and roughage shew that the 
relative teclmical efficiency of Maine and Ver­
nont, and of small and large farms varies with 
the level of inputs used. A similar c:onparison 
for capital and labor COI'lbinations shews that a 
higher level of technical efficiency is achieved 
cy- Verrront fanns ccnpared to Maine farms, and cy­
large fanns catpared to small. In general, the 
EUis presented in this paper support the conten­
tion that considerable technical inefficiencies 
characterize miJk production in Maine and Ver­
nont, and that significant quantities of resour­
ces could be saved cy better utilization of con­
centrate feed, roughage, capital, and labor in­
puts. 

In sunrnary, Farrell's approach is a useful 
method to analyze resource use in agricultural 
production. A major advantage of EUis is that 
they provide considerably rrore information than 
the average productivicy measures traditionally 
used to analyze farm records in a manner that can 
be easily understood cy producers. 
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