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An Analysis of Inefficiency on 
Dairy Farms in Ecuador Using Stochastic 

Production and Profit Frontiers 

by 
DeeVon Ba il ey, 

Basudeb Biswas, 
Subal C. Kumbhakar and 

B. Kris Schulthies 

Abstract 

The relative technical allocative, and scale inefficiencies of small, 
medium, and large-sized dairy farms in Ecuador was investigated. Large 
farms were found to be" the most technically efficient group. However, 
medium-sized farms were discovered to be the most allocatively efficient 
group of farms. Capi ta 1 inputs were found to have the 1 argest output 
elasticity. Government retail milk pricing ceilings in Ecuador reflect a 
farm level milk price which is likely above average costs for many 
producers. However, marginal costs exceed the farm level price indicating 
that increasing efficiency of the farms would be an essential part of any 
government designed to increase milk production. 

*Bailey and Biswas as Associate Professors in the Department of 
Economi cs, Utah State Unvers ity. Kumbhakar is an Ass i stant Professor in 
the Department of Economics, University of Texas at Austin. Schulthies is 
a Research Assistant in the Department of Economics, Utah State University. 



An Analysis of Inefficiency on 
Dairy Farms in Ecuador Using Stochastic 

Production and Profit Frontiers 

Considerable literature e~ists regarding the production efficiency of 

firms. Much of this research has centered on firms in developing countries 

(Lau and Yotopoulos; Yotopoulous and Lau; Barnum and Squire; and Kaiser). 

Other studies have examined the behavior of groups of U.S. agricultural 

producers to determi ne if they acted 1 ike profit max i mi z i ers (Smi th and 

Martin; Biswas, et. al). These studies generally dealt with the efficiency 

of groups of firms with no direct measure of efficiency for single firms. 

More recently researchers have attempted to quantify the efficiency of 

individual firms. Most of this research has centered on modeling stochas-

tic production frontiers. Estimation of stochastic frontiers, may help to 

explain the behavior of agricultural producers. Farmers are, in general, 

price takers who will use similar inputs in varying ampunts and in differ-

ent proportions to obtain similar output levels. This, coupled with the 

impacts of government intervention, raises questions regarding the relative 

production efficiency of farmers. If some farmers or groups of farmers are 

more efficient than other farmers then explaining why differences in 

efficiency between the farms exist is important. 

The dairy industry in Ecuador is represented by a wide diversity of 

farm sizes. Output can vary substantially between farms and retail prices 

are admi ni stered by the government. However, pri ces vary widely between 

farm sizes since milk is purchased by a variety of handlers who pay 

different prices. 

Stigler states that the optimum size of a firm really "depends upon the 

resources that the firm uses" (page 162). If this is true, questions about 

why a farm succeeds, fails, grows, or exits the industry cannot be answered 
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by only its relative financial position or its size. Management ability, 

inventories, asset portfolio, and outside resources may all contribute to a 

farmer's ability to succeed. 

This paper examines the relative technical, allocative, and scale 

efficiencies of dairy farmers in Ecuador. A direct measure of technical, 

allocative, and scale efficiency for individual farmers is obtained by 

estimating the stochastic production and profit frontiers for a random 

samp 1 e of dairy farms. The following sections present the estimation 

process and data manipulation, results, and a summary of the study. 

Theory and Model Development 

Aigner, et al., stated that when the output of individual firms is not 

found lying on the production frontier, that this deviation could consist 

of a systematic as well as a random component. The random component 

consists of occurrences beyond the firm's control (weather, disease, etc.) 

while the systematic component consisted of technical inefficiencies 

associated with differences in management abilities. Schmidt and Lovell 

extended this idea to include allocative as well as technical inefficiency 

in the estimation of cost functions. Kumbhakar estimated allocative and 

technical inefficiency as they related to profit frontiers. 

Following Kumbhakar we begin with a Cobb-Douglas production function: 

(1) y = A('Ji'X i ai ) exp(v) 
i 

where y is output, the i's are the inputs (e.g., i=land, labor, capital), 

v is a random error term representing random shocks not in the control of 

the firm. A is a technical efficiency parameter represented by the 

intercept. Equation (1) can be related to a stochastic ~roduction frontier 

by designating A as 
CL A = 0 exp (T) T < 0 
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T represents the technical inefficiency of the firm whileao represents an 

industry technical inefficiency. T is distributed as the non-positive 

portion of a normal distribution with mean zero. Technically efficient 

firms produce output that lies on the stochastic production frontier with 

some random fluctuations. Inefficient firms produce at a point below the 

stochastic production frontier. This deviation is not merely random, but 

can be explained as differences in management that lead to less than 

optimum output to maximize profit (Mundlak). 

Allocative inefficiency occurs if the ratio of the marginal physical 

products of two inputs does not equal the ratio of their prices (e.g., 

fjlfi f wjlwi' where i and j are inputs, f is the marginal physical 

product, and W is the price of the input). This relationship could be 

written as 

(2) j = 2, ... n 

where Uj is a representation of allocative inefficiency. If Uj = 0, no 

allocative inefficiency exists and the equilibrium conditions are met. 

Equation (2) can be rewritten using (1) as follows: 

(3) aj xl W· 
J e U . -- . -- • J 

ai X· wI J 

Simil arly, scale inefficiency can be described as a firm not achieving 

output levels where marginal cost equals output price (e.g.,th: / a~ = P, 

where C is the cost function, y is output, and P is output price) (Forsund, 

Kumbhakar). This could also be written as 

a c 
= P~ where- ~ is scale inefficiency. 

ay 



or 

(4) Pe~ WIXI 

Y • al 

(I + r eUJ.) (see Kumbhakar) 
j 

Placing (I), (3), and (4) in logarithmic form yields 

(5) ln y = ln 0.0 + o.i ln xi + T + v 

- ln Xj - ln Wj + ln wI + In(o.j/o.i) = Uj 

- ln y - ln wI - ln 0.1 + In(1 + L e- uj ) = ~ 
j 

i. ,. ' ... " ............ >' ••• • • •• • ; , •• • , ••• , .• , ,, • • , , • • • • • 
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Equation (5) represents a system of (n+l) equations to solve for the output 

supply and input demand functions. Solving (5) for the (n+l) unknowns 

yields the production function and conditional demand functions (see 

Schmidt and Lovell): Ordinary least squares estimates (OLS) are 

inconsutent since the X's and T 's are correlated. The following section 

presents the full information maximum likelihood (FIML) model used to 

complete this study. 

The Maximum Likelihood Estimator 

The error vector in (5) is the following: 

T + v 
u2 

un 
~ - ln(l + L e -u.) 

j J 

Let ZI T + v 

Z2 u 

Z3 ~ - ln (1 + ~ e-Uj) 
J 

From this, the joint probability distribution function (pdf) of (ZI' Z2' 

Z3) can be found from the pdf's of 

assumptions are the following: 

, v, u, and The distributional 
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(i) v iid N(o, a v) 

(ii) T a half normal distribution or T N(o, a~), T 0 

(iii) u multivariate normal C-<.U E) , i id over all firms 

(i v) t; i id N(o, 0'2 ) 
t; 

(v) v, T , u, and t; are independent among themselves. 

The log likelihood function for a single observation can 

follows (see Kumbhakar): 

,, :., " , ";' 
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be written as 

b 
+ log a + log O(7~ / a) - log a v - log aT - log at; const. 

2 

1 
(Z3 - ln (1 + ~eZ2j»2 + log IJI 

2 0'2 J t; 

where ZI' Z2' and Z3 are replaced by their deterministic parts from (5). 

IJI is the determinant for the Jacobian matrix 

n 
In this case IJI is (I-r) where r=~a., The maximum likelihood estimates 

;::01 1 

(ML) of ln ao' 

maximizing (6). 

a 2 and 
T' 

0'2 can be obta i ned by 
T 

Following Kumbhakar, it can be shown that the conditional distribution 

of given ZI (the residual of the production function) is truncated normal 

with mean and variance 2 Then technical inefficiency is estimated by 

the mean or mode of the error term, i.e., 

(7) T m = M..T -
r( T / a ) 

0'-----------
~( - T / a ) 

Allocative inefficiency for each input (relative to input 1) can be 

estimated from 

(8) " Uj = ln xl - ln Xj - ln Wj + In wI + In(wj/wI) for each firm, 

j22' ... n. 
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Scale inefficiency can be estimated from the last equation in (5), i.e., 

1\ 

(9) = ln xl - ln y - ln wI - ln 1 + ln (1 + e- uj ) where uj 

is obtained from (8). 

The loss of potential profit due to technical inefficiency alone is 

(10) 

where 

PT = 1 -

TT T (p, w, T, v) = TT (p, w, v) - TT (p, w, T, v) 

(p, w, T, v) is the profit function with technical inefficiency and 

TT T( ° ) 

TT * 
where PT is the percentage reduction in potential 

profit due to technical inefficiency and TT* represents potential profit 

for the firm if no technical inefficiency existedo Similarly, the foregone 

profit (or percentage increase in cost) due to allocative inefficiency in 

producing a given level of output, Yo' is 

(11 ) 
C (w, Yo' v, u) 

(eE- lnr - 1) 
C* (w, Ye' v) 

where C (0) is the actual cost of producing Yo with the presence of 

allocative inefficiency and C* (0) is the minimum cost of producing the 

given level of output, Yoo 

Finally, the loss of potential profit due only to scale inefficiency, 

, is 

TTs = (p, w, v,~ ) = TT(p, w, v) - TT(p, w, v,~ ) 

* 
(12 11_ exp(r ~/I-r)[1 - re~ ] 

l-r 

The fo 11 owi ng section descri bes data gatheri ng and data preparation 

for estimation of equation (6). 

Data and Procedures 

The data for this study were obtained from a random sample of dairy 

farmers in Ecuador. Face-to-face interviews were conducted with the sample 
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which consisted of 68 observations. Questions regarding a wide range of 

farm ~haracteristics were asked including numbers of acres and cows, input 

costs, asset values, milk prices, capital structure, etc. The 

observations were separated by size based on number of cows milked during 

1986. 

Tab 1 e 1 presents some of the economi c characteri st i cs of the farms 

surveyed. Small farms had under 20 dairy cows, medium-sized farms between 

21 and 60 dairy cows, and large farms had over 60 dairy cows. Large farms 

tended to be operated by absentee land owners with hired managers. Large 

farms had higher production levels per cow and used less labor, on average. 

Smaller farms tended to milk the cows by hand while large farms used modern 

milking equipment. 

The government of Ecuador establishes maximum retail prices for milk. 

However, prices at the farm level vary by farm . Mil~ prices are not based 

on component pricing. Thus, no quality differential exists between farms. 

Large farms received the highest price for their milk. This is probably a 

function of assembly cost for processors. Some small producers had prices 

similar to large farmers. However, these prices were received for 

unprocessed milk sold on the street. Assets varied greatly between farm 

sizes. Sma 11 er farms tended to be near subs i stence 1 eve 1 and depended 

heavily on labor inputs while large farms were quite capital intensive. 

Three inputs were considered for the dairy farms in the estimation of 

(6) 1 abor, cap ita 1, and 1 and. Labor represented the time, in 1 abor 

hours, spent in activities on the farm by the operator and hired labor. 

The wage rate represented acutal payments to labor by the farmer. 

The opportunity cost of capital consisted of depreciation and interest 

expenses on the farm (Jorgensen). All capital was depreciated on a 

.'\' 
~. 
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Table 1. Average Farm and Farm Family Characteristics. 

Size 
----------~------------------------------------------- ----

Category Small Medium LarSe 
(Avg. Values) (under $100,000 ($100,000-$250,000 (over $2 0jOOO 

sales) sales) sales 

Number of Cows 10.9 40.1 125.5 

Mil k Pri ce 
(Sucres/liter) 21.5 22.5 24.3 

Total Hectares 13 .1 45.7 122.0 

Average Annual 
Milk Prod. )er 
Cow (liters 2384 2555 3076 

Total Farm 
Assets (Sucres) 2,142,272 8,611 , 771 27,418,320 

Table 2. FIML Estimates for Capital, Land, and labor. 

Parameter Estimate Standard Error T-Statisti c 

Constant 7.284 0.621 11. 73 

Labor 0.005 0. 571 8.963 

Capital 0. 151 0.018 8.489 

Land 0.131 0.026 5.047 

°v 0.920 
°T 1.100 
°z 7.108 

Table 3. Measures of Inefficiency by Size of Dairy Farm-Ecuador 1986. 

Size 

Measure Small Medium 

a 
b 
c 

81.9% 

26.1% 

91.9% 

69 . 4% 

5. 9% 

87.9% 

PT = Loss in profit due to technical inefficiency. 
CA = Increase in cost due to allocative inefficiency. 
Change in profit due to scale inefficiency. 

Large 

54 .8% 

7.9% 

91.0% 
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straight line basis. Buildings and other structures were depreciated based 

on · actual farm replacement but average depreciation was considered 3% per 

year, machinery at 10% per year, and milk cows at 14% per year. An 

interest rate of 21% was used to calculate capital interest opportunity 

costs. Land costs were determined to be an approximate opportunity cost of 

owned property (21% of agricultural value). The farm's output was measured 

in liters of milk produced. Milk production was calculated by multiplying 

annua 1 average production per cow by the tot a 1 number of cows. Recei pts 

from the sale of livestock and crops were divided by the price of milk and 

then added to output. Total output was adjusted downward for costs other 

than land, labor, and capital that were not included in the estimation 

Results 

The FIML estimates of (6) are found in Table 2. A stochastic produc

tion and profit frontier were estimated and direct m~asures of efficiency 

for individual farms were calculated. As expected, all three inputs have a 

positive and significant impact on output. However, capital has the 

largest coefficient (elasticity). This indicates that the largest impacts 

on output, on average, would be experi enced if add it i ona 1 cap ita 1 was 

inputed on the farms. Labor has the smallest output elasticity. This 

result would be expected given the small amount of capital used on many of 

the farms. Significant increases in production will likely be best 

accomplished by increasing capital inputs. 

While larger farms utilize inputs in a more technically fashion than 

the other size categories (PT in Table 3) they appear to allocate those 

input less efficiently than medium-sized farmers. The additional costs of 

production associated with allocative inefficiency (CA in Table 3) show 

that medium-sized farms are the most allocatively efficient group with 
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costs averaging only 5.9% above the cost-minimizing amount. Some of the 

larger farms may over invest in capital items. For example, some large 

farmers had center pivot irrigation systems that are generally regarded as 

unnecessary given annual average precipitation. 

Small and medium sized farmers may have difficulty obtaining credit to 

expand their capital bases. Income from the dairy operation is, on 

average, also more critical for the medium and small-sized farms. 

Consequently, these farms have more incentive to minimize the cost of 

available inputs. Perhaps medi um-s i zed farmers are more educated than 

small farmers or have better managers. However, data concerning education 

levels were not available. 

Government price controls reflected back to the farm level prices as 

deri ved demand appear to generate farm 1 evel pri ces above average cost 

since few dairy farmers are existing the industry. However, marginal costs 

for increasing production are well above the farm level price (PS in Table 

3). Thus, the most economic benefit will likely accure if these operators 

use inputs more efficiently before they attempt any large scale expansion. 

Another study found that U.S. dairy farms were more technically 

efficient than this group of Ecuador farms. However, the Ecuador farms in 

the medium to large sized categories were actually found to be more 

allocatively efficient than the U.S. farms (Author publication). This may 

reflect more accessible credit in the United States. The U.S. farms may 

rely on adding inputs to achieve efficiency while the Ecuador farms rely on 

minimizing costs. 

Conclusions 

These results show that a considerable amount of inefficiency (techni

cal, allocative, and scale) exists in the dairy industry in Ecuador. Small 
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farms were found to be much less efficient than large and medium-sized 

farms. Medium-sized farmers are the most efficient group at minimizing 

costs. This likely refelcts the reliance on farm income of the operator 

and also difficulty in obtaining credit. On average, the greatest supply 

response woul d be expected if capital inputs are increased based on the 

output elasticity. 

Government policies relating to dairy production should be fashioned 

to a specific goal. For example, one pol icy goal might be to increase 

overall production while another might be to reduce inefficiency. Current 

government price controls appear to be maintained above average costs for 

many producers. However, marginal costs exceed those price levels. 

Policies should be designed to encourage efficiency as well as production. 

Otherwise, production expansion will be difficult from an economic view 

poi nt. eei 1 i ng for these dairy farmers if asset fi xi ty exi sts. Policy 

makers may wish to consider programs that account for relative efficiency 

of farmers as well as production levels. 



12 

REFERENCES 

Aigner, O.J. C.A.K. Lovell 
Stochast i c Frontier 
nometrics 6 (1977). 

and P. Schmidt. Formulation and Estimation of 
Product ion Funct i on Model s . Journal of Eco-

21-37. 

Barnum, H.N. and Squire, L. A Theoretical Model of an Agricultural 
Household. Baltimore: The Johns Hopkins University Press. (1979). 

B i swas, Basudeb, John R. Lacey, John P. Workman, and Franc isH. S i ddoway . 
"Profit Maximi zat i on as a Management Goal on Southwestern Montana 
Ra n c h e s" . .:..:.W.:;:..e s",-t",-,e::...:r-,-n,---.:::..J.:::..o "'-u r'-!n,-,-,a"-.-'l,---",o-,-f---!A...!;g:L!r-,i,-"c=u,-,-l..::.t.:::..u r!....:a::o...l,----"E=c=o.:..:..n o.::::..:mc:..:..'.!...:· C"-,,,-s 9 (1984 ) : 
186-194. 

Forsund, F.R., C.A.K. Lovell and P. Schmidt. A Survey of Frontier 
Production Functions and of their Relationship to Efficiency Measure
ments. Journal of Econometrics 13 (1980). 5-25. 

Jorgenson, D.W. "The Theory of INvestment Behavior". Macroeconomic 
Theory: Selected Readings. eds. Harold R. Williams and John D. 
Huffnagle. Appleton-Century Crofts Publishers. 1969. 

Kaiser, Harry M. Relative Economic Efficiency in the Dominican Republic 
and Implications for Land Redistribution Programs. A.E. Res. 87-13 . 
Cornell University. Ithaca, New York. April 1987. 

Kumbhakar, Subal C. "The Specifications of Technical and Allocative 
Inefficiency in Stochastic Production and Profit Frontiers." Journal 
of Econometrics. 34(1987)335-348. 

Lau, L.J. and Yotopoulos. "A Test for Relative Efficiency and an 
Application to Indian 
61(1971):94-109. 

Agriculture." American Economic Review. 

Mundlak, Y. Empirical Production Function Free of Management Bias. 
Journal of Farm Economics 43(1961). 44-56. 

Schmidt, P. and C.A.K. Lovell. Estimating Technical and Allocative 
Inefficiency Relative to Stochastic Production and Cost Frontiers. 
Journal of Econometrics 9(1979). 343-366. 

Smith, A.H. and W.E. Martin. "Implications of Socioeconomic Goals and 
Attitudes of Cattle Ranchers on Rural, Community Development in the 
West: American Journal of Agricultural Economics. 53(1971): 846. 

Stigler, George J. The Theory of Price. 4th Edition. MacMillan 
Publishing Co. New York, New York. 1987. 

Yotopoulos, Pan A. and Lau, Lawrence J. "A Test for Relative Economic 
Efficiency: Some Further Results." The American Economic Review. 
63(1973):214-223. 


	An Analysis of Inefficiency on Dairy Farms in Ecuador Using Stochastic Production and Profit Frontiers
	Recommended Citation

	tmp.1354922643.pdf.JH6g5

