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ABSTRACT

AN ANALYSIS OF PRODUCTION EFFICIENCY OF COW-CALF OPERATIONS IN
ALBERTA

SudarmaRanjani Samarajeewa
University of Guelph, 2007

Co-Advisors: Professor Getu Hailu
Professor Maury M. Bredahl

The purpose of this study is to examine the production efficiency (i.e.., technical,
allocative and economic) of cow-calf farms in Alberta. Production efficiencies are
measured using an econometrically estimated stochastic Cobb-Douglas production
frontier and analytically derived stochastic cost frontier. The study uses repeated crosssection data of samples of 333 Alberta cow-calf farms from 1995 to 2002.

The results reveal that mean technical, allocative and economic efficiencies for sample
cow-calf farms are approximately 83, 78, and 67 percents, respectively. Ceteris paribus,
such degrees of production efficiency suggest that Alberta cow-calf producers could
increase output and/or save cost by reallocating resources with the existing technology.
Improvement in allocative efficiency appears to be relatively more important than
technical efficiency as a source of gains in production efficiency for the sample cow-calf
farms. The results suggest that herd size and biological efficiency have positive effects on
production efficiency; government supports and production efficiency are negatively
related; and there is variation in production efficiency across farms in different locations.
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Chapter 1
INTRODUCTION
The purpose of this study is to examine the production efficiency of cow-calf farms in
Alberta. The study is motivated by two basic economic concerns. First, improvement in
production efficiency is seen as one of the generic strategies in enhancing the
competitiveness and long term success of the Canadian beef industry. Second, although
the beef industry plays an important role in the agriculture sector of Alberta, no
information on farm level production efficiency is available.

As highlighted by Coelli et al. (2005), the performance of a production unit can be
defined in many ways and there are different performance measures with their merits and
demerits. Among these measures, production efficiency is an important characteristic of
the producer performance (Fare 1984). Empirical analysis of production efficiency of
firms not only provides evidence on the ability of an industry to keep pace with its most
efficient firms but also reveals the sources of inefficiency. Such analyses bear policy
implications as well. Measuring firm's production efficiency may guide actions, which
aid in realizing firm resources in a producer welfare enhancing manner. Moreover,
production inefficiency is costly both to the producer under investigation and to the
society at large (Fare 1984).

Production efficiency of a firm may be measured by an index of observed and desired
performances, which is generally assumed to be made up of two components: technical
and allocative efficiencies (Farrell 1957). Technical efficiency is defined as the capacity
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of an economic unit to produce the maximum possible output from a given bundle of
inputs and a given technology. Allocative efficiency is defined as the ability and
willingness of an economic unit to equate its specific marginal value product with its
marginal resource cost. The product of technical and allocative efficiencies gives a
measure of economic efficiency. Quantifying or measuring production efficiency is
useful at least in three ways: i) it facilitates comparisons across similar economic units,
i.e., indicate relative performance; ii) it illustrates variations in performance across
economic units and further analysis may identify the sources of performance variations;
and iii) it reveals policy implications for the improvement in performance.

Recently, the Canadian beef industry has faced several challenges that may move the
industry towards a more dynamic and competitive environment. As such, efficiency
improvements become increasingly important determinants of the financial success at the
farm level and of the economic viability of the industry. First, the implementation of
various free trade agreements has resulted in Canadian and- the U.S. beef markets
becoming highly integrated. Canada's beef production is no longer strictly geared
towards domestic consumption. Distinct Canadian and the U.S. cattle and beef prices
disappear as arbitrage activities forced their convergence.

Second, continued

appreciation of the Canadian dollar creates additional competitive disadvantage for the
Canadian beef industry. Third, rapid expansion of a crop-based bioeconomy sector will
make grain more costly for beef producer. Fourth, food safety and related issues may call
for implementation of costly procedures in the beef industry.

2

Although much research has' focused on measuring and investigating production
(technical) efficiency of the Canadian dairy farms (Bravo-Ureta et al. 2007), this
information is not available for Canadian beef farms. This study is motivated by the gap
in knowledge about the degree of performance of Canadian beef industry. Specifically,
this thesis focuses on the assessment of the production efficiency of the cow-calf farms in
Alberta.

1.2 Economic Problem
Advances in technology and related productivity improvements have led to a sustained,
long-term decline in most agricultural commodity prices. More importantly, increased
international competition will continue to push prices down, regardless of the level of
government support. In this context, all agribusiness firms are challenged to identify their
competitive strengths and to develop strategies to maintain their competitiveness.
Producers who continue to innovate strategies to reduce the cost of production and/or to
maximize their revenues will have a higher likelihood of survival in the industry.

According to Statistics Canada data (various years), over the past fifteen years Canada's
beef cattle sector has grown to be the third largest exporter of beef and beef cattle in the
world, accounting for 15 percent of the world beef exports. Because of this, Canada's
beef producers not only face competition from their regional and national peers, but also
from the producers in other countries. On the other hand, per capita annual Canadian beef
consumption has been declining, while per capita consumption of other meat products,
particularly chicken, has been increasing. According to Lamb and Beshear (1998), in
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addition to increased consumer awareness of the health effects of red meat, the decline in
beef consumption is also attributable to a rise in relative beef prices. If beef producers
consider the declining per capita consumption to adversely affect their beef operations,
one generic competitive strategy for reversing the trend in consumption is to be a low
cost producer.

In this sense, the viability of the beef industry will depend upon the ability of producers
to remain cost competitive, where they are able to produce maximum output from a given
cost minimizing input combination. Reductions in a per unit cost of production could be
achieved through the adoption of new or improved technologies, improvement in
production efficiency, or achieving economies of scale. Ceteris paribus, gains in
production efficiency may continue to play a key role in the sustainability and growth of
the beef sector.

1.3 Economic Research Problem
Kumbhakar and Lovell (2000) and others suggest that not all producers are always
successful in solving their economic optimization problem. Thus, not all producers
succeed in utilizing the minimum inputs required to produce the desired outputs, given
the technology at their disposal. In this context, they are technically inefficient. In
addition, not all producers succeed in allocating their inputs in a cost efficient manner.
Consequently, not all producers succeed in maximizing profits from their production
activities.

4

The presence of production inefficiencies means that output can be increased without
using additional inputs, and without the adoption of new technologies. If a farm is underutilizing resources it currently owns, and is forgoing investment in capital or technology,
then the farm may be producing or performing at a level below its potential. If this is the
case, then empirical measures of efficiency are necessary to determine the magnitude of
the gain that could be achieved by improving production performance with a given
technology.

According to Kalirajan (1981), one policy implication stemming from production
inefficiency is that elimination of inefficiencies may be a more cost effective way to
achieve short run increases in farm output, and thus income, compared to introduction of
new technologies. As well, a systematic study of production efficiency can point to where
broader efforts can be made at an industry/sector level to remedy the inefficiencies.

Recognizing the drawbacks of partial performance measures', economic/production
efficiency measures (i.e., technical and allocative efficiencies) have emerged as
comprehensive tools in performance benchmarking. These measures are holistic in that
they can be constructed to take account of all inputs used and outputs produced in the
farm. One of the beneficial features of economic efficiency measures is that they identify
best-practice producers, measure the performance of other producers in relation to these
best-practice producers and provide directions for improvement. With this knowledge,
Examples are costs of production, feed conversion efficiency, labor productivity, land
productivity, financial returns, etc. The basic limitation with the partial performance measures is
their ignorance of the overall productivity/efficiency of the farm without considering the total
resource-base (Fleming et al. 2006).

5

Alberta cow-calf farms may be provided with better insights into key farm-specific
performance indicators to maintain or improve their competitiveness.

This study has policy implications as it not only provides empirical measures of different
production efficiency indices, but also attempts to identify the sources of inefficiency.
Hence, the findings of this study will be useful to understand the performance gaps, and
to suggest appropriate strategies to improve the production efficiency of Alberta's cowcalf farms for long term success and economic viability in the beef industry.

1.4 Purpose and Objectives
The purpose of this study is to evaluate the production efficiency of a sample of cow-calf
farms in Alberta in order to understand their performance gaps. To realize this purpose,
the following research objectives are formulated:
i)

To examine the effect of alternative distributional assumptions on the degree
of ranking of technical efficiency;

ii)

To estimate a stochastic production frontier for cow-calf farms;

iii)

To use the estimated stochastic production frontier to estimate technical,
allocative and economic efficiency indices of cow-calf farms;

iv)

To evaluate the relationship between production efficiency and the sources of
inefficiencies (farm characteristics); and

v)

To draw farm-level policy implications.

6

1.5 Outline of the Thesis
The remaining chapters are organized as follows. Chapter two begins with a description
of the Canadian beef industry, giving its economic importance, structure and markets,
emphasizing the challenges faced by the industry. Chapter three presents a literature
review on production efficiency focusing on the empirical evidences in agriculture.
Chapter four outlines the conceptual framework by providing the definitions of different
efficiency measures.

The main purpose of chapter five is to provide the empirical model based on the concepts
given in the preceding chapter. Chapter six provides the description of data. In chapter
seven, the empirical results addressing the research objectives are provided. In the final
chapter, chapter eight, conclusions are established regarding the production efficiencies
of cow-calf farms in Alberta, including the limitations of the study and directions for
further research.
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Chapter 2
BEEF CATTLE INDUSTRY IN CANADA
2.1 Introduction
The beef industry is a key part of the Canada's agricultural sector, which adds
significantly to the national and provincial economies in terms of income and
employment (Statistics Canada 2006). Canada's beef industry is the largest single
commodity source of farm cash receipts. Farm cash receipts from the sale of cattle and
calves in 2005 totaled $6.4 billion or 17 percent of the total farm cash receipts (Statistics
Canada 2006). In addition, beef production contributes to the processing, retail, food
service and transportation sectors. With these other sectors considered, the beef industry
has added approximately about $25 billion to the Canadian economy in 2005 (Canfax and
Statistics Canada 2006). The beef industry continues to be a significant component in the
provincial economies as well. For example, a study done by Bredahl et al. (2006) show
that the importance of beef sector in the Ontario economy in terms of income,
employment and its significant linkages with other related provincial industries .

Beef production takes place in every province of Canada with over five million heads of
beef cattle and calves (Canfax 2007). According to Canfax data, in 2007, Alberta
accounts 39 percent of the Canada's beef cattle herd, followed by Saskatchewan at 29
percent, Manitoba at 12 percent and Ontario at 8 percent. According to the Statistics
Canada data, there are about 90,000 farms reporting beef cows in Canada. Alberta has the
largest share of fed cattle2 population in Canada at 66 percent, followed by Ontario at 20
2

Steers and heifers (in a feedlot) that have reached optimum slaughter weight of 600 to 750 kg
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percent, British Columbia, Saskatchewan and Manitoba combined at 10 percent and
Atlantic provinces at 3 percent in 2006 (Canfax 2007).

Figure 2.1 provides the

distribution of beef cattle by province.

Figure 2.1 Distribution of the Canadian beef cattle by Province, as of January 2007 (in
'000 head)
2500
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Source: Canfax Research, http://www.canfax.ca/. Accessed July 2007

As Athwal (2002) highlights, the expansion in the Canadian beef cattle industry is
primarily driven by exports to the U.S. The lack of trade barriers and government
intervention in the beef industry has contributed to the integration of the U.S and
Canadian markets making the industry increasingly competitive. As integration of the
global economies deepens, Canadian beef farmers and agribusiness firms face major
opportunities and challenges. To realize the potential benefits of economic integration,
there have been structural and technological adjustments in the Canadian cattle industry.
More specifically, feeder cattle production has been expanded in Alberta where feed
grain and land are abundant.

9

There are several factors that may affect the profitability and the performance of the
Canadian beef cattle industry, notably amongst them are domestic policy and trade
agreements. For example, the Western Grain Transportation Act was terminated in 1995
allowing grain prices to reflect the full cost of transportation. This enables the Western
beef cattle producers abundantly use grains to feed their cattle. Other significant factors
that affect profitability and performance of beef cattle farms are the supply of animals
and foreign exchange rates. Specifically, the value of the Canadian dollar could be the
most significant factor affecting beef and live cattle trade. The increased value of the
Canadian dollar has made the Canadian beef more expensive to international customers
making export market development even more challenging. Also, an appreciated dollar
may result in higher consumer prices for beef and cattle influencing the consumer
demands adversely.

Furthermore, the BSE3 event in May 2003 stifled Canada's global market growth, as
world markets closed to Canadian beef exports. Over time, these export markets appear
to be gradually reopening. However, the threat of BSE has increased consumers'
concerns about food-safety. Consequently, food safety, health, environmental and
international trade concerns have all been cast upon the beef industry by the society for
beef cattle producers to deal with. Complicating trade, the major importer of the
Canadian beef, the U.S., is instituting a country-of-origin labeling law on cattle and beef
imports.

3

Bovine Spongiform Encephalopathy, the lethal disease in cattle
10

Most prominently, due to recent rapid development of ethanol as a bio-fuel, the food
production sector (in particular the beef industry) and the fuel industry will compete for
limited land resources. Economic pressures will see land directed to serve the industry
offering the best returns; food or fuel. Given this new demand particularly for grains
(corn in the East and to some extent wheat and barley in the West), feed prices will rise.
In particular, the Canadian beef cattle feeders will have to spend more to feed their cattle.
According to Athwal (2002), changes in feed prices significantly affect the profitability,
thus production responses in the cattle industry. In this sense, this new motivation
towards grain-based bio-fuel industry will adversely affect the beef industry's
performance in the future.

Therefore, the livestock industries in Canada will have to compete within this new
economy. In summary, all the above factors signify that the beef cattle producers need to
focus on enhancing competitiveness of their industry for its long term viability.
Consequently, improving efficiency in beef production will become one of the important
attributes to achieve competitiveness.

2.2 Beef Production and Utilization in Canada
Figure 2.2 shows the trends in Canada's beef production, consumption and exports from
1990 to 2004. Canada produces approximately 4.4 million cattle a year. In the year 2004,
the total beef production in Canada has been 1.496 million tonnes, and Canada has
exported 0.59 million tonnes (Cattle Statistics 2006). The distinct decline in production
and exports of beef in 2003 is due to the BSE crisis (Figure 2.2).
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Figure 2.2 Production, Exports, Imports and Domestic use of Beef in Canada from 1990
to 2004 ('000 tonnes)
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Over the past few decades, the Canadian consumers have altered their consumption
patterns of meat and poultry products and opting for more poultry (i.e., white meat).
Canadian per capita annual beef consumption increased throughout the 1960s and the
70s, to a high of 50.4 kg in 1972, and it has been decreasing ever since. During the past
two decades, per capita beef consumption has come down from 28.08 kg in 1985 to 23.29
kg in 2005. A possible hypothesis is that the relative decline in red meat consumption is
due to increased consumers' awareness of health effects in their diets. Another probable
cause for the decline in per capita beef consumption is the fact that chicken price relative
to beef price has declined by nearly 50 percent in the 1970's (Athwal 2002). Figure 2.3
depicts the trends in per capita beef, pork and chicken consumptions in Canada from
1970 to 2005. Figure 2.3 suggests that per capita chicken consumption has been
increasing, while per capita beef consumption has been declining.
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Figure 2.3 Per capita meat consumption in Canada from 1970 to 2005 (kg)
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Figure 2.4 illustrates the export markets for Canadian beef in 2006.

Figure 2.4 Export Markets for Canadian Beef in 2006 (Metric Tonnes)
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Source: Canfax Statistics, http://www.canfax.ca/. Accessed in July 2007

Historically, export markets have been a driving force for the Canadian cattle and beef
industry since the late eighties. Canadian exports of live cattle to the U.S. have been
increasing rapidly and dependent upon the U.S.. market for well over 90 percent of its live
cattle exports. Moreover, the U.S is Canada's largest export market for beef, with at least
90 percent of beef exports landing in the U.S. and the other 10 percent covered largely by
Mexico, Japan, Taiwan and South Korea (Figure 2.4).

2.3 The Beef Production Structure
The Canadian beef production structure consists of four main operations, i.e., i) cow-calf,
ii) backgrounding, and iii) feedlot or finishing operations, and iv) processing and
packing. All segments of the beef industry are undergoing consolidation. For example,
according to Statistics Canada census data, the cow-calf operations almost doubled in
size in the past quarter century, from an average of 27 head in 1976 to 51 head in 2001.
However, with more than 90,000 cow-calf operations in Canada, cow-calf sector is the
least concentrated in the beef industry. Conversely, in the feedlot sector, Alberta and
Saskatchewan data suggests a trend to fewer but larger feedlot operations. The following
section provides a brief description of each operation.

2.3.1 The Cow-calf Operation and Backgrounding
Beef production begins with the cow-calf operations4, which produces cows and calves
for the industry. Weaned calves, as steers and heifers5 are the principal output of the cowcalf sector. The established practice in most cow-calf ranches in Canada is to breed their
4

A cow-calf operation must have more than one beef-cow to be defined as such.

5

These are approximately eight months old and weigh 220 kg.
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cows in June and July. This means that the young calves are raised outdoors. Hence, the
cow-calf industry mostly depends on the availability of inexpensive grazing lands. In the
cow-calf operation, the main costs of operation include pasture, winter feed and bedding
costs. Cow-calf operations generate revenue through the sale of calves or other younger
steers and heifers. The cow-calf operation also generates revenue through the sale of
cull-cows.

The structure of the cow-calf sector is very diverse: some of the cow-calf operations are
full time commercial ranches while the others are diversified operations with only small
cow-calf enterprises. Some operations are mixed farms while others are fully integrated
in breeding, backgrounding and feedlot businesses. On most farms, the entire cow-calf
production takes place exclusively outside on open pasture where the cattle graze and
calves nurse until they reach a weight of approximately 250 kg. Depending on the breed,
production process and the market conditions, the calves will enter either into a
backgrounding/stocker operation or directly into a feedlot integration operation.

Backgrounding is the process of feeding forages such as alfalfa, hay and straw to increase
the weight of smaller calves up to 350 kilograms. In many cases, backgrounding occurs
on the cow-calf farm that originally produced the calves. This type of operation has both
beef cows and slaughter cattle. The lighter calves (160-225 kg) typically are left on
pasture for an extra 120-150 days before they enter backgrounding and high-energy
feeding programs for slaughter between 18 and 24 months of age. The medium weight
calves (225-275 kg) at weaning are placed on a lower-energy backgrounding feeding
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program for slaughter between 14 and 18 months of age. The heavier calves (275-320
kg) are normally placed on a high energy grain feeding program and are ready for
slaughter between 12 and 14 months of age.

2.3.2 The Feedlot Operation
The only intensive part of conventional beef production takes place at the feedlot where
cattle are brought to a finished weight. Virtually, all cattle in feedlots are fed high-energy
grain feed rations for a minimum of 120 days until they reach a weight of about 600 kg.
Cattle gain a weight at about 1.7 kg per day on these high-energy rations. The main
reason to feed grain to cattle is to produce tender and marbled beef (Martin et al. 2004).
Hence, the primary costs for cattle feeders are the cost of feeder cattle or calves and feed
(grain, supplements, roughages, etc.)

2.3.3 Beef Packing and Processing
Packers slaughter cattle. The meat is cut, trimmed and packaged. The Canadian beef and
veal packers have processed over 3.543 million head of cattle in 2006 (Canfax Research
2007). A new international competitiveness has developed within Canada's beef and
veal processing sector. Continued industry restructuring has produced newly invigorated
companies with increased production capacities and efficiencies. Companies across
Canada continue to invest capital for processing capacity expansion and product quality
improvements. This includes developing expertise in value-added beef and veal products.
The increase in the capacity of the packing and processing sector, driven by economies of
scale, which in turn may result in lower operating cost per head.
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In summary, the cow-calf sector appear to be the most fragmented in the beef production
chain in Canada providing inputs to backgrounding, feedlots and packing and processing
sectors.

Therefore, any gain in efficiency in cow-calf production may reflect its

beneficial effects into other related sectors in the beef industry value chain.

2.4 Beef Cattle Industry in Alberta
In Alberta, the livestock sector continues to be a major component of the agriculture
industry. Alberta has become the dominant force in every sector in the Canadian cattle
industry: cow-calf, backgrounding, finishing, and processing. Approximately 60 percent
of the Alberta's farm cash receipts come from livestock and livestock products.
According to Martin et al. (2004), the Alberta beef cattle industry has demonstrated a
strong growth supported by particularly the change in grain transportation policy, which
initially lowered feed grain costs in the prairies.

Figure 2.5 shows the total cattle inventory in Alberta for the last decade. Alberta
accounts for 68 percent of total fed cattle production and it is a home for 2.05 million
head of beef cattle, representing 39 percent of the total Canadian beef cattle herd as of
January 2006 (Canfax and Cattle Statistics 2006).

The incremental Alberta cattle

inventory has been altered due to the BSE occurrence in 2003, and has been started to
keeping pace in 2005 and 2006 (Figure 2.5).
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Figure 2.5 Changes in Alberta's total Beef Cow Inventory from 1996 to 2006 ('000 head)
23»
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Table 2.1Alberta cow-calf operations and percent of inventory in 2005
^ ^
Beef cows
Number of
Percent of
Percent of inventory
(number of head)
operations
operations
1-100
101-250
251-500
501-1000
1000+
Total

12,307
7,659
2,732

481
142

52.77
32.84
11.71
2.06
0.61

23,320

100

17.4
36.1
29.0

9.6
7.9
100

Source: Statistics Canada 2006

Table 2.1 provides a breakdown of the Alberta cow-calf sector. Based on Statistics
Canada data as of mid 2005, there are 23,320 beef cow-calf operations with more than
half (52.8 percent) of these operations having less than 100 head. These small-scale
operations account for only 17.4 percent of cow inventory within the province. The
largest two size groups, having more than 500 head, represent less than three percent of
total operations. According to Statistics Canada data in 2006, the average number of beef
cows per operation is 90 head in Alberta, whereas it is 72 head in Canada for cow-calf
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operations. These figures show that, in general, the cow-calf operations are highly
fragmented with large variations in scale of operations.

The lack of consolidation in the Alberta's cow-calf sector relative to the feedlot sector
may reflect the absence of significant economies of scale and potentially higher
production costs as profitability may not necessarily be the driving force for a majority of
the cow-calf producers (Martin et al. 2004). However, with nearly all sectors of the
agriculture and food industry, Alberta cattle industry has been slowly restructuring to
fewer and larger operations. For example from January 1996, Alberta accounts 27,500
cow-calf operations and in July 2005 this number accounts 23,320, which is a decline by
four percent (Statistics Canada 2006).

Figure 2.6 presents Alberta's beef production and slaughter structure. A larger number of
small-sized cow-calf operations from Alberta, the rest of Canada, and the U.S supply
calves to a concentrated feedlot sector.
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Figure 2.6 Alberta's beef production and slaughter structure in 2005
Alberta cow/calf
operations
23,320 producers

Other Canadian cow-calf
operations
61,556 producers

Other sources of
feeder cattle
(U.S)

/
Alberta Feedlots
750 feeders

Alberta beef packers
6 Federally inspected
plants

Other beef packers

Canadian and International beef processors, retailers, and food service

Source: Canfax and Statistics Canada (2006) and adapted from Schroeder (2003)

2.6 Summary
This chapter describes the importance of Canada's beef cattle industry providing
information on production structure, output, exports, imports and consumption trends. It
discusses the beef production structure in detail featuring, cow-calf and backgrounding,
feedlot, packing and processing operations. Special focus has been given to the Alberta
beef industry.
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From different facts, it is clear that the Canadian beef cattle industry has grown from a
relatively smaller-sector to a major exporter. At the same time, the industry faces several
challenges due to free trade, changing exchange rate, rising feed costs and food safety
issues. The declining per capita beef demand is another possible challenge faced by beef
producers. Given these challenges, efficiency gains in production may be one of the
leading factors to achieve success in the beef cattle industry.
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Chapter 3
EFFICIENCY IN PRODUCTION
3.1 Introduction
Empirical measurement of production efficiency has received increasing attention from
academics, policy makers and practitioners alike. This chapter focuses on two aspects of
literature addressing economic efficiency in production. First, it discusses the
developments in empirical estimation of production efficiency. Second, it reviews
empirical applications of production efficiency in agricultural industries, with special
emphasis on the livestock industry. This review will enable identification of the gaps in
the literature, thus providing better insights to design an analytical framework to achieve
the objectives of the study.

3.2 Developments in Empirical Economic Efficiency Measurements
A thorough discussion of production efficiency measurement begins with Farrell (1957).
According to Farrell, efficiency is not an absolute but a relative measure. It is viewed as
the deviation from the best practice exhibited by a group of producers. Farrell proposes
that the economic efficiency of a firm is a product of technical and allocative efficiencies.
In Farrell's best practice frontier6 framework, defining and measuring economic
efficiency requires the specification of an economic objective and information on market
prices. For example, if the firm seeks to minimize cost, then a measure of cost efficiency
is provided by the ratio of minimum cost to observed cost. Alternatively, if the objective
of the firm is to maximize physical output, a measure of technical efficiency is provided
6

Efficient production function; that is, the output that a perfectly efficient firm could obtain from
any given combination of inputs Farrell (1957 p.3).
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by the ratio of the observed output to the maximum output. Given input prices and
production technology, then, the ability of a production unit to use the least-cost input
combination provides allocative efficiency.

Farrell (1957) suggests a method of measuring both technical and allocative efficiencies
of a firm. The underlying hypothesis of Farrell's work is that the removal of economic
inefficiency will result in efficient production. Farrell's model allows the computation of
allocative, technical and hence economic efficiencies. However, this computation is
restricted to a technology exhibiting constant returns to scale. Over the past five decades
Farrell's method has been applied widely, while undergoing many refinements and
improvements.

Aigner and Chu (1968) introduce a deterministic approach to the estimation of
parameters of the production frontier by proposing one-sided deviations. It is labeled
deterministic because the stochastic component of the model is entirely contained in the
(in)efficiency term and therefore any deviation from the frontier is considered as
inefficiency. Charnes et al. (1978) extend Farrell's single-input/output efficiency measure
to a multiple inputs/ outputs case and reformulated it as a mathematical programming
problem. In both Aigner and Chu (1968) and Charnes et al. (1978), the assumption of
constant returns to scale in production is maintained.

The deterministic (non-parametric) approach measures efficiency of each production unit,
comparing it with a peer group consisting of a linear combination of efficient decision
»
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making units (Charnes et al. 1978). This method also referred to as data envelopment
analysis (DEA) and is based on mathematical programming techniques. However, there
is fundamental problem with the DEA method. As Greene (1993) highlights, in the
deterministic approach, any measurement error, or any source of stochastic variation in
the dependent variable is embedded in the one-sided error component. As a result,
outliers can have profound effects on the estimates and any shortcoming in the
specification of the model could translate into increased inefficiency measures.

Greene (1993) further notes that the DEA technique has a notable disadvantage in that it
does not produce standard errors for the estimates; therefore, inference is not possible.
As Bravo-Ureta and Rieger (1991) point out, another drawback of the DEA method is
potential sensitivity of efficiency scores to the number of observations as well as to the
number of outputs and inputs. Due to this limitation, many firms may be seen to be
efficient, even though they are not.

On the other hand, DEA possesses several advantages. A major advantage of DEA is that
it places no restrictions on the functional form of the production relationships between
inputs and outputs. Also, DEA does not require imposition of any distributional
assumptions on firm-specific inefficiency effects. Further, DEA can accommodate
multiple inputs and multiple outputs simultaneously (Chavas and Aliber 1993).

Alternatively, Aigner et al. (1977) and Meeusen and Van Den Broeck (1977)
independently introduce a new parametric approach to the estimation of frontier
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production functions, which involves the specification of an error term with two
components. According to Aigner et al. (1977), the economic logic behind this
specification is that the production process is subject to two economically distinguishable
random disturbances with different characteristics, i.e., one component of the error term
accounts for random disturbances and the other to account for deviations from the
frontier due to inefficiency. This feature facilitates estimation and interpretation of a
production frontier, enabling one to overcome the limitations of the deterministic
frontiers (i.e., DEA) and is referred to as the 'stochastic production frontier'.

Hence, the stochastic frontier approach addresses the noise problem associated with the
deterministic frontiers, while permitting the estimation of standard errors and hypotheses
testing. As well, stochastic frontiers offer flexibility in modelling various aspects of
production, such as production risk and marketing risk. Kalirajan and Shand (1999)
highlight that modelling a production function with a stochastic frontier is in conformity
with production theory.

According to Coelli and Battese (1996), the stochastic frontier (econometric) approach
has generally been preferred in the agricultural economics literature. This can be
associated with a number of factors. First, the assumption that all deviations from the
frontier are associated with inefficiency, as assumed in DEA, is difficult to accept, given
the inherent variability in agricultural production. This is due to the fact that weather,
fires, pests, diseases, etc frequently affect agricultural output. The stochastic frontier
models allow for inefficiency, while capturing the effect of noise, measurement errors,
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and exogenous shocks beyond the control of agricultural production. Second, many farms
are small family-owned operations, and keeping accurate records is not always a priority.
Thus, most of available data on production are likely to be subject to measurement errors,
which can be captured by stochastic frontiers.

The stochastic frontier, however, is not without problems. As Coelli and Battese (1996)
point out, favorable properties of the stochastic frontier model comes with a price. The
main criticism is that there is no a priori distributional assumption for the inefficiency
error term. Furthermore, the need of specification of a particular functional form, which
is common to all parametric frontiers, is another criticism.

However, as Chavas and Aliber (1993) highlight, the advantage of the parametric
approach is that it provides a consistent framework for the econometric investigation of
the indices measuring technical, allocative and scale efficiencies. The work by Schmidt
and Lovell (1979), Kopp and Diewert (1982) and Akridge (1989)7 has led to alternative
formulations of parametric models, which relax the linear homogeneity restriction while
enabling calculation of various efficiency indexes.

Building on ideas of Farrell (1957) and duality theory, Kopp and Diewert (1982) propose
a technique to estimate a dual cost frontier. This method uses a production frontier to
estimate cost efficiency, and vice versa. Specifically, Kopp and Diewert (1982) show the
connection between the primal production frontier and the dual (cost) frontier to
7

The models develop by Schmidt and Lovell (1979) and Akridge (1989) require the joint
estimation of the production frontier and thefirstorder conditions for profit maximization or cost
minimization
26

efficiency analysis. This approach allows allocative efficiency to be extracted from the
measure of economic efficiency and technical efficiency using a decomposing technique.

Furthermore, Bravo-Ureta and Rieger (1991) extend Kopp and Diewert's (1982)
decomposition technique from a deterministic model to a stochastic model. This
stochastic formulation yields technical, allocative and economic efficiency measures that
are free from distortions, stemming from statistical noise, inherent in deterministic
models. Table 3.1 provides a summary of the selected seminal contributions to the
empirical measurement of economic efficiency in production.
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3.3 Production Efficiency Analysis in Agriculture
There have been many applications of frontier functions to measure technical, allocative
and economic efficiencies in agriculture over the past two decades. The measurement of
production efficiency of farms has gained much attention, especially in developing
countries, as a means to identify gaps in actual and potential farm outputs. In the context
of agriculture, this information is vital to developing countries, where agriculture is their
most significant industry.

It is also essential in developed nations where the

determination of appropriate agricultural policy continues to be contentious. As BravoUreta and Pinheiro (1997) highlight, this is because it might be more cost-effective to
achieve short-run increases in farm-output, and thus incomes, by concentrating on
improving efficiency rather than introducing a new technology.

Most of these efficiency analysis studies have used either parametric or non-parametric
methods. A number of papers have systematically reviewed and synthesized this
literature. Battese (1992) reviews the use of frontier functions to estimate technical and
economic efficiencies in agricultural production and highlights the popularity of
production frontiers estimated through econometric techniques. Kalirajan and Shand
(1999) also review the various methods to measure technical efficiency and offer a
comparison between established methods of measurement. In another review, MurilloZamorano (2004) highlights the extent to which the wide ranges of techniques are used to
measure efficiency in different industries, including agriculture. In a recent review,
Bravo-Ureta et al. (2007) analyze 167 studies estimating farm-level technical efficiency
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from both developing and developed countries and emphasize the extensive use of the
stochastic frontier method.

As reported by Battese (1992), the first application of the stochastic frontier model to
farm-level agricultural data is presented by Battese and Corra in 1977 for Australian
sheep production. Among the many early studies analyzing agricultural production
efficiency of the developing countries, Kalirajan (1981), Kalirajan and Shand (1986),
Bravo-Ureta and Pinheiro (1993) and Battese and Coelli (1992) attempt to study
efficiency in rice production. Kalirajan (1981) and Battese and Coelli (1992) estimate a
stochastic production frontier for Indian rice farmers and extend their analyses to
investigate reasons for inefficiency. Bravo-Ureta and Pinheiro (1993) assess the
production efficiency of small-scale agriculture in the Dominican Republic extending
their analysis to identify key variables that correlate with inefficiency.

Among the efficiency analysis in agriculture, rice (e.g. Kalirajan 1981; Battese and Coelli
1995; Xu and Jeffrey 1998) and dairy (e.g. Weeresink et al. 1990; Bravo-Ureta and
Rieger 1991; Ahmed and Bravo-Ureta 1996; Richards and Jeffrey 2000; Mbaga et al.
2003; Hailu et al. 2005) industries-are the most commonly studied. Furthermore, as
indicated by Bravo-Ureta et al. (2007) most efficiency analyses related to agri-food
industries have extensively focused on the measurement of technical efficiency. Only a
few studies measure both technical and allocative efficiencies in agriculture (e.g.
Kumbhakar 1993; Bravo-Ureta and Evenson 1994; Bravo-Ureta and Rieger 1991;
Osborne and Trueblood 2006). As point out by Osborne and Trueblood (2006), one of
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the most formidable obstacles to studying production efficiencies in the farming sector
appears to be the lack of comprehensive data on outputs, inputs, and prices.

Form a policy perspective, it is more important to determine what causes inefficiency in
the farming sector or to which variables it is related rather than simply to measure
efficiency. Therefore, the analysis of the effects of exogenous variables has become an
important step in production efficiency analyses in agriculture. Many researchers have
extended their analyses to examine the potential influence of selected socioeconomic
factors, i.e., age and level of education of the producer, farm/herd size, access to credit,
availability of extension services, location of the farm, and other management and farm
characteristics, on estimated technical, allocative or economic (in)efficiencies (e.g.,
Kalirajan et al. 1981; Weersink et al. 1990; Ahmed and Bravo-Ureta 1996; Featherstone
et al. 1997; Richards and Jeffrey 2000; Mbaga et al. 2003; Haghiri et al. 2004; Hailu et al.
2005).

3.4 Production Efficiency Analysis in the Livestock Industry
In the livestock sector, the dairy industry is one of the most widely studied (e.g.,
Weersink et al. 1990; Bravo-Ureta and Rieger 1991; Ahmed and Bravo-Ureta 1996;
Mbaga et al. 2003; Richards and Jeffrey 2000; Haghiri et al. 2004; Haliu et al. 2005). In
addition, Rowland et al. (1998) analyze the efficiency of Kansas swine operations. These
studies adopt either deterministic or stochastic frontier analysis in order to measure the
efficiency. Table 3.2 summarizes selected examples related to dairy and beef cattle
industries in North America and one example from Italy.
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3.4.1 Efficiency Analyses in the Dairy Industry
Among the early studies on efficiency analyses in the dairy industry, researchers have
alternatively used parametric (e.g., Kumbhakar et al. 1989, and Richards and Jeffrey
2000) or non-parametric (e.g., Weersink et al. 1990; Clotier and Rowley 1993)
approaches. Bravo-Ureta and Rieger (1991), attempt to apply both methods in their
analysis in order to compare the results of the parametric and nonparametric methods.
Richards and Jeffrey (2000) follow Kopp and Diewert's (1980) decomposition method in
order to estimate technical, allocative and economic efficiencies of Alberta dairy farmers.
In contrast to Bravo-Ureta and Rieger (1991), Richards and Jeffrey (2000) estimate a
stochastic cost frontier, emphasizing the impact of the quality of input variables on
efficiency.

The extension of the dairy farm efficiency analyses to investigate the factors affecting
inefficiency is another notable feature of the preceding studies. Weersink et al. (1990) use
censored regression, while Bravo-Ureta and Rieger (1991) use the analysis of variance
method to investigate the relationship between the inefficiency levels and the selected
variables, i.e. farm size, producers' education level and farming experience and extension
education, farm location, herd size, etc. Results from Weersink et al. (1990), Richards
and Jeffrey (2000) and Kumbhakar et al. (1989) suggest that herd size and dairy farm
technical efficiency are positively related. Richards and Jeffrey (2000) also find that
efficiency scores are positively related to milk yield, breeding program quality, and labor
quality.
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Methodological aspects related to the estimation of technical efficiency of Canadian dairy
industry are the focus of the studies conduct by Mbaga et al. (2003), Haghiri et al. (2004)
and Hailu et al. (2005). Mbaga et al. (2003) show the robustness of the results obtained
for technical efficiency using different functional forms, i.e., Leontief, Cobb-Douglas,
Q

and translog with three alternative distributional forms for the inefficiency term .
Furthermore, for comparison purposes, Mbaga et al. (2003) use the non-parametric DEA
as an alternative method to measure the technical efficiency scores. Their study shows
that there are substantive discrepancies in estimated results between parametric and nonparametric methods.
While contributing to the improvement in the econometric method, Haghiri et al. (2004)
compare technical efficiency of Ontario and New York dairy farmers by applying 'nonparametric stochastic frontier method' using panel data. As the authors claim, the nonparametric approach derived in their study is referred to as stochastic, because it is fully
statistical and accounts for random noise in the data. This method has allowed the
comparison of the performance of dairy producers at farm level within and between the
two regions. In a different study, Hailu et al. (2005) estimate cost efficiency of dairy
farmers in Ontario and Alberta using a stochastic cost frontier. Specifically, this study
assesses the significance of intra- and inter-provincial cost efficiency differentials among
individual farms, while extending the analysis to identify farm-characteristics that
influence cost efficiency.

Hailu et al. (2005) impose concavity (i.e., local curvature)

condition on a translog cost frontier to be consistent with economic theory.

(i) exponential, (ii) half-normal and (iii) truncated-normal distributions
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3.4. 2 Efficiency Analyses in the Beef Cattle Industry
Despite the popularity of the efficiency analyses in the dairy sector, only a very few
researchers have analyzed the production efficiency in the beef cattle sector (e.g.,
Featherstone et al. 1997; Iraizoz et al. 2005; Trestini 2006). Featherstone et al. (1997) use
non-parametric programming approach to estimate the technical, allocative and economic
efficiencies of Kansas cow-calf farms. In contrast, Iraizoz et al. (2005) and Trestini
(2006), use parametric approach to estimate the technical efficiency of Spanish and
Italian beef farms, respectively. Iraizoz et al. (2005) use stochastic translog production
function, while Trestini (2006) uses stochastic Cobb-Douglas production frontier to
estimate technical efficiency. Both functional forms permit elasticity interpretations for
the inputs used in.the production frontiers. However, the general criticism about the
translog function is its susceptibility to multicollinearity in the estimation process, which
has not been discussed by Iraizoz et al. (2005).

The general feature of the preceding three studies is that the beef farm output has been
included as the value of production in the production frontier, instead of the physical
quantity. The common input variables in the production frontiers include feed, labor9,
capital, utilities and fuel, veterinary expenses and miscellaneous costs and inputs. All
three studies have been extended to examine the inefficiency effects by considering
variables such as, producer characteristics (age, education level, and experience), debt,
farm size, government subsidies, extension services, product specialization, etc.
Specifically, Iraizoz et al.'s (2005) study investigates the impact of the EU BSE crisis on
9

Includes paid and unpaid labor combined or as separate inputs
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Italian beef farms' technical efficiency by including a dummy variable into the
production frontier.

Although, these studies yield different technical, allocative or economic efficiency
scores, a common rationale is that efficiency is positively correlated with the herd/farm
size (Featherstone et al. 1997; Iraizoz et al. 2005; Trestini 2006). Moreover, Iraizoz et
al.'s (2005) results suggest that the EU BSE crisis has been negatively associated with
technical efficiency, and government subsidies have a significant negative impact on
technical efficiency of the Spanish beef farms. According to Featherstone et al.'s (1997)
results, age of the operator is negatively associated with the technical efficiency, which is
consistent with the findings of an earlier study by Weersink et al. (1990) on the dairy
industry. Conversely, Iraizoz et al. (2005) find that the age of the producer and farm
location have no significant impact on technical inefficiency. Furthermore, Trestini
(2006) finds that hired labor and building values have negative influence on technical
efficiency of the Italian beef farms.

3.5 Summary
This chapter summarizes the growth and development of the empirical measurement of
production efficiency. Though, the frontier function approach has become a widely used
tool in applied production efficiency analysis, there are many ways to estimate any single
type of efficiency, i.e., deterministic frontiers, stochastic frontiers or non-parametric
programming methods. Each method may potentially yield different efficiency scores.
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Therefore, a considerable controversy about the choice and advantages of a specific
method has remained.

The literature supports the wider use of the stochastic frontier models to analyze
production efficiency in agriculture rather than DEA, because it facilitates to capture the
inherent stochastic nature of the agricultural production. Based on the preceding
discussion of the merits and demerits of the methods, this study adopts a stochastic
frontier model to estimate production efficiency in the Alberta cow-calf sector.
Nevertheless, the stochastic frontier analysis may also result in different efficiency
measures or efficiency rankings based on the choice of the functional form and the
structure of the error term to represent inefficiency. This will be discussed in detail in the
following chapters.

In terms of further study, many researchers have attempted to investigate the sources of
inefficiency in agriculture while shedding light to formulate appropriate policies to
improve efficiency. In order to do so, many researchers have used selected producerspecific, farm-specific or policy-specific variables incorporated into the frontier models.

There is a gap in literature in Canadian beef sector in general and cow-calf sector in
particular. Therefore, understanding the level of production efficiency of the cow-calf
farms and the factors affecting their efficiency would enable the beef producers to
improve their competitive position in the market place through re-allocation of resources.
The next chapter provides a theoretical basis to achieve this objective.
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Chapter 4
CONCEPTUAL FRAMEWORK
4.1 Introduction
This chapter provides a theoretical framework of production efficiency in a firm,
emphasizing the notions of technical, allocative and cost/economic efficiencies.

The

discussion includes theoretical specifications of these economic phenomena, which
facilitate the empirical estimation of production efficiencies of cow-calf farms.
Furthermore, the production efficiency of a firm is highlighted using duality theory,
which connects the production and cost functions in a self-dual situation. Finally, a
theoretical foundation of the stochastic frontier model is provided.

4.2 Economic Efficiency
Although economic efficiency covers a wide variety of dimensions, the most widely
accepted concept of efficiency is developed by Vilfredo Pareto. 'Pareto efficient'
outcomes are guaranteed only if all the conditions for an 'ideal market' are satisfied
(Buchanan 1985)10.

Koopmans (1951) extends the notion of Pareto efficiency to

production economics and provides a definition of technical efficiency:

A state of a given system is Pareto optimal if and only if there is no feasible alternative state of
that system in which at least one person is better off and no one is worse off.
The 'ideal market that ensure Pareto optimal equilibrium state fulfils the following conditions:
i)
Full information is available
ii)
Costs of enforcing contracts and property rights are zero
iii)
Individuals are rational
iv)
Transaction costs are zero
v)
Products offered in the market are undifferentiated
Alternatively, Buchanan (1985) also proposes arguments against the perfect market, which fail to
satisfy important conditions of the ideal market leading to inefficiency i.e. i) high transaction
costs, ii) lack of information, iii) monopolistic tendencies, iv) externalities, v) divergence of
individual well-being and preference satisfaction and vi) unemployment.
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a producer is technically efficient if any output requires a reduction in at least
one other output or an increase in at least one input, and if a reduction in any
input requires an increase in at least one other input or a reduction in at least one
output. Thus, a technically inefficient producer could produce the same outputs
with less of at least one input, or could use the same inputs to produce more of at
least one output (p. 60).

Stigler (1957) also adds that perfect competition leads to a completely efficient outcome,
where firms attempt to minimize their costs and move towards production efficiency.
Extending the above concepts, Debreu (1951) and Farrell (1957) define input-orientated
technical efficiency as the maximum equi-proportionate reduction in all inputs consistent
with equivalent production of observed output.

The basic concept underpinning the measurement of technical efficiency starts with the
description of production technology. A production unit transforms a vector of
nonnegative inputs into a vector of nonnegative outputs, subject to a constraint imposed
by a known fixed technology. According to Kalirajan and Shand (1999), production
technologies can be represented using isoquants, production functions, cost functions or
profit functions. However, Murillo-Zamorano (2004) points out that the primal
production function is the most commonly used concept to measure technical efficiency.

Theoretically, a production (cost) function expresses the maximum (minimum) amount of
output (cost) obtainable from a given bundle of inputs using a given technology, i.e., the
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frontier production (cost) function (Chambers 1988; Kumbhakar and Lovell 2000). As
such, no producer can operate above (below) a production (cost) function. The production
frontier of the i-thfirm,producing a single output with multiple inputs following the best
practice technique can be defined as:
y:=f{xk)

4.1

where yt* is the frontier output and Xk is a vector of inputs, for a given technology that is
common to all firms. Chambers (1988) provides several general properties associated
with the production function in Equation 4.1 (i.e., non-negativity of y; weak essentiality;
non-decreasing in x (monotonicity); concavity in x).

There may be a situation in which the i-th firm is not producing its maximum possible
output owing to some slackness in production induced by various non-price and
socioeconomic organizational factors (Fare et al. 1984). Hence, the production function
of the i-thfirmcan be written as follows:

y," = Axk)0„

y," < /(*,) = y;

v/, o < et < 1

where y" is the actual output from the given level of inputs and f(xk)

4.2

is the maximum

achievable (frontier) output. In Equation 4.2, f(xk) represents the maximal output given
Xk and hence yt* is the frontier output. 6>, represents the combined effects of various nonprice and organizational factors, which constrains the firm from obtaining its maximum
possible output yt* . In other words, Qit which is firm specific, reflects the /-th firm's
ability to produce at its present level, which is otherwise called the /-th firm's technical
efficiency. A measure of technical efficiency of the i-th firm can, then, be defined as,
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a

ei = -^—

4.3

In Equation 4.3, the numerator is observable whereas the denominator is not '. The
values taken by 6t depend on the situation the firm faces. When a firm is technically
efficient in production, 0t takes the value of one. When the firm is inefficient in
production, <9, takes a positive value less than one. Thus, the value of 0t ranges from zero
to one12.

Note

that

technical

efficiency

production/economic efficiency.

is

one

of

the

components

of

the

overall

The second component of economic efficiency is

allocative efficiency. Allocative efficiency reflects the ability of a firm to use its inputs in
optimal proportions, given the respective prices they face in the market, which involves
selection of an input mix that produces a given quantity of output at minimum cost
(Coelli et al. 2005).

The product of technical and allocative efficiencies provides a measure of an overall
economic efficiency. Therefore, to be economically efficient, firms have to be
allocatively efficient in addition to being technically efficient. The implication here is
that not all positions on the production frontier need be allocatively efficient. Hence, to
attain economic efficiency, the production unit must utilize its inputs in the most efficient
11

In a manufacturing operation, the denominator may be approximated by engineering studies of
the production/manufacturing process.
12

In equation 4.3, the production frontier is deterministic, showing that the entire shortfall of
observed output from maximum feasible output is attributed to technical inefficiency. Such a
specification ignores the fact that output can be affected by random shocks. This requires the
specification of a 'stochastic production frontier', which is discussed later in this chapter.
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manner (i.e., technical efficiency) and choose the right combination of inputs, given the
relative input prices (i.e., allocative efficiency).

The concept of technical and allocative efficiencies can be illustrated graphically using
Farrell's unit isoquant in Figure 4.1. Assuming constant returns to scale, the
technological set is fully described by the unit isoquant SS' that captures the minimum
combination of inputs needed to produce a unit of output.
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If information on market prices is known, and cost minimization is assumed, the input
price ratio is reflected by the slope of the isocost line WW in Figure 4.1. If a given firm
uses quantities of inputs, defined by point A, to produce a unit of output, technical
inefficiency of that firm could be represented by the distance BA, which is the amount by
which all inputs could be proportionally reduced without reducing output. Thus, the
technical efficiency (TE) of a firm can be measured by the ratio,
TE = OB/OA
Point B is technically efficient because it lies on the efficient isoquant SIS".

In the presence of input price information, it would be possible to measure the allocative
efficiency of the firm. If the input price ratio, represented by the slope of the isocost line
WW (in Figure 4.1) is also known, the allocative efficiency (AE) of the firm operating at
point A is defined as the ratio,
AE = OC/OB

The distance CB represents the reduction in production costs that would occur if the firm
were producing at the allocatively (and technically) efficient point E, instead of at the
technically efficient, but allocatively inefficient, point B. The product of technical
efficiency and allocative efficiency provides a measure of economic efficiency. That is,
EE = TExAE = (OB / OA) x (OC / OB) = OC/OA
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4.3 Dual form of the Technology
The concept of duality can be used to obtain several related economic representations of
the structure of production technology. This can be done using information on both the
quantities and the prices of inputs and outputs, and assuming that producers attempt to
solve an economic optimization problem. According to Coelli (1995), the dual forms of
the technology reflects alternative behavioral objectives (e.g., cost minimization),
accounts for multiple outputs, and enables one to simultaneously predict both technical
and allocative efficiencies.

Following Kopp and Diewert (1982) and Kumbhakar and Lovell (2000), the primal-dual
relationship can be described as follows. Consider Equation 4.1, and Figure 4.1,
generalize it to the case of k inputs. Let xAk be the actual input bundle and xBk is the
technically efficient input bundle relative to xAk- The corresponding cost frontier can be
derived as:
C, (y*,wk) = Min {w'kxk \y, = f(xk)}
{x}

4.4

I

where C is the minimum cost to produce frontier output y? and Wk is a vector of input
prices. The use of Shepherd's Lemma generates a system of cost minimizing (optimal)
input demands:

Substituting actual input prices and output quantity into the input demand system in
Equation 4.5, the economically efficient input vector (xEk) can be obtained. The overall
economic efficiency can then be defined as:
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< 4

wAkxAk

wAkxAk

The input bundle x°k costs the same as the economically efficient bundle, xEk- To
examine technical efficiency, the bundle xBk is obtained in two steps.

First, the

technically optimum input level, xBk, lies on the efficient surface with a different input
price ratio.

xt

dC{y],wBk)
dwk

A.l

where wBk is a vector of input prices for which xBk is allocatively efficient, and xBk is the
input demand system derived using Shepherd's Lemma. Second, by construction, bundle
xBk represents input use in the same proportion to bundle JC\ That is, from Figure 4.1, xBk
lies on the line segment joining the origin to xAk suggesting that the input mix at xAk and
xBk must be the same. Therefore,
xBk = rBxA

4.8

where, rB>0 is a scalar to be determined. Equations 4.7 and 4.8 are a system of 2n
equations in the 2n+l unknowns, xBk wBk and i?. Kopp and Diewert (1982) suggest
obtaining an extra equation by using price normalization on the input price vector wBk, as
only relative prices matter to determine xBk in Equation 4.7. By setting the k-th input
price equal to unity:
wBk = 1

4.9

r8 can be eliminated from Equation 4.8, by dividing the left-hand side vector by its first
component x8^ the first component of xBk, and by dividing the right-hand side vector by
its first component r^x/, This allows to obtain k equations xB/xB = xA/xA , where the
first equation is the identity 1=1. The remaining k-1 equations can be rewritten as:
46

xB/x?=x?/xf,
4.10
xk I xx = xk I xx .
By substituting 4.9 into 4.7 suggests k equations:
x* = dC(y*,wl,w2,...,wk_1,l)/dwl,
xl = dC{y*,wx,w2,...,wk_{,\)/dw2,
4.11
x? = dC(y*,wl,w2,....,wk_l,\)/dwk.
Equations 4.10 and 4.11 are the 2«-l equations in the 2n-\ unknowns xB,...,xB,

and

W]B,....,wi(B . Once the values of wB and xB are obtained, technical efficiency can be
defined as:
wBxB
TE = - Ar TA
wx

4.12

Finally, economic efficiency and technical efficiency measures allow generating
allocative efficiency (AE) to be calculated as (Farrell 1957):
AE = (EE)/(TE)

4.13
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4.4 Production Efficiency and Stochastic Frontiers
Depending on the firms' objectives, stochastic frontiers can be extended to production,
cost, or profit frontiers13. From an estimated production/cost frontier it is possible to
measure the relative efficiency of certain groups or a set of practices from the relationship
between observed production/cost and some ideal or potential production/cost (Greene
1993). Following Aigner et al. (1977) and Meeusen and Van Den Broeck (1977), the
stochastic frontier production function can be specified as14:
Production:

yu = exp(/?0 + Inxklj3k + v„ -u„)

4.14

Cost:

cu - exp(a 0 + a \nytl + wktak +vu +«,-,) i = l,...,n; k=l,...,m

4.15

yu and cit represent output and cost of the z'-th firm in time t, respectively. x& is a vector of
inputs in time /, wu is a vector of input prices in time t.

a.k and ftk are vectors of

parameters; vit is symmetric random error that accounts for statistical noise, and uu is a
non-negative random variable that captures the effects of technical inefficiency relative to
the stochastic frontier vit and uit are distributed independently of each other, and of the
regressors. However, the error term in the model is asymmetric since utj>j). As the error
term in the stochastic frontier has two components, these models are often referred to as
the 'composed error' models (Kumbhakar and Lovell 2000).

Profit efficiency requires (either input-oriented or output-oriented) technical efficiency and
both input-allocative efficiency and output-allocative efficiency. Moreover, even these
efficiencies are not collectively sufficient for profit efficiency, since profit efficiency also
requires a type of scale efficiency. Further, unlike the measures of cost efficiency and revenue
efficiency, the measure of profit efficiency is not bounded below by zero, since negative actual
profit is possible (Kumbhakar and Lovell 2000). Hence, discussion in this section proceeds with
production and cost frontiers.
14

Most of the discussion in this section concentrates upon production frontier. However, its
concepts are equally applicable to the dual forms of the technology, i.e., cost.
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Figure 4.2 presents the stochastic production frontier illustrating the random noise and
inefficiency effects on outputs. Firm 1 uses input level xjt to produce output yn, while
firm 2 uses input level X2t to produce y>2t. If there are no inefficiency effects (i.e., M;f=0
and U2t=Q) then frontier outputs are; yn = exp (J3o+fiAnxjt+V]t)and y2t = exp (/?o+
/yn*2,+V2f).

It is clear that the frontier output for firm 1 lies above the deterministic part of the
production frontier only because the noise effect is positive (i.e., vn>0, better weather
condition for crop farming), while the frontier output for firm 2 lies below the
deterministic part of the frontier because the noise effect is negative (i.e., vn<0, drought
effect for crop farming). Observed outputs (yn and y2t) tend to lie below the deterministic
part of the frontier. They can only lie above the deterministic part of the frontier when the
noise effect is positive and larger than the inefficiency effect (Coelli et al. 2005).

49

o

in

c
o
o
3
T3
O

o
V

o
tn

ST

•S

K

c,

C

<D

CX

ti—i

G
O
i-

a
_o
*-£
o
3
T3
O

a
o
o

•c

u
X!
H

3

.£P

•

;\

^

^

The presence of vit in the model also means that the frontier is stochastic with random
disturbance vit. This implies that the frontier may vary randomly across firms or over time
for the same firm. On the other hand, if there are no statistical errors and no influence of
external uncontrollable factors on production, then the firm's realized output will be
equal to or less than the potential frontier output. This depends on whether it uses the best
practice technique or not, i.e., whether uit is zero or negative respectively (Kalirajan and
Shand 1999). Thus, uit measures the technical inefficiency in the sense that it measures
the shortfall of output (yit) from its maximal possible value given by the stochastic
frontier, yu = exp(£0 + In xk, j3k + vu).

According to Coelli et al. (2005), the measure of technical efficiency (TE), given
equation 4.14, is the ratio of observed output to the corresponding stochastic frontier
output:

TEU=-

?*

= exp(A + taa^ t -«,) gflq)M

exp(/?0 + In xu f3k + vu)

416

exp(/?0 + In xkl J3k + v„)

while the measure of economic efficiency (EE), given equation 4.15 is the ratio of
observed cost to stochastic frontier the cost:
exp(a0+a
EEU =

\nyu+wuak+vu)

= exp (-uit)
exp(a0 + ay Inyu + witak + v„ + u„)

4.17

4.4.1 Stochastic Distance Functions
Recent work has focused on extending the stochastic frontier approach in order to deal
with multi-output technologies within a primal framework (Bravo-Ureta et al. 2007). To
this end, the 'stochastic distance function approach' has been proposed and is now
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becoming widely used in the efficiency literature. The main advantage of using a distance
function is that price information is not needed and the production frontier can be
estimated without assuming separability of inputs and outputs (Kumbhakar and Lovell
2000).

As point out by Coelli et al. (2005), distance functions allow one to describe a multiinput, multi-output production technology without the need to specify a behavioral
objective (such as cost minimization or profit-maximization). One may specify both input
distance functions and output distance functions. An input distance function characterizes
the production technology by looking at a minimal proportional contraction of the input
vector, given an output vector. An output distance function considers a maximal
proportional expansion of the output vector, given an input vector.

It is also possible to adapt the techniques developed for the estimation of a stochastic
production frontier in the single-output case to the estimation of a stochastic output
distance function in the multiple-output case (Kumbhakar et al. 2000). For example,
Akridge (1989) presents an empirical example of multi-product production efficiency
combined with duality theory. However, as Kumbhakar and Lovell (2000) point out two
main complications with the stochastic distance function approach are: there is no natural
choice for a dependent variable in the multiple-output case, and endogeneity of regressors
may create problems.
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4.5 Stochastic frontiers and Inefficiency Effects
In the stochastic production frontier (Equation 4.14), the firm-specific inefficiency effects
are not explicitly considered in the model. The incorporation of exogenous variables that
affect the deviation of output from the frontier may provide important implications on
producer performance. Examples include the degree of competitive pressure, input and
output quality indicators, ownership form, and various managerial characteristics
(Kumbhakar and Lovell 2000).

Wang and Schmidt (2002) provide guidelines to analyzing the problem of estimation of
the exogenous effects on firm's level of technical efficiency. According to their review,
exogenous variables can be incorporated into the inefficiency model using either one-step
or two-step procedure. Consider a stochastic frontier model with one-sided inefficiency
uit, and suppose that the scale of uit depends on some firm characteristics zjt. A one-step
model specifies both the stochastic frontier and the way in which uu depends on zJt and
can be estimated using single-step. In contrast, in the two-step procedure, the first step
estimates a standard stochastic frontier model, and the second step estimates the
relationship between (estimated) uit and zjt.

Wang and Schmidt (2002) explain theoretically why the two-step procedure is biased and
present Monte Carlo evidence showing that the bias can be severe. Their study identified
two sources of bias, i.e., the first step of the two-step procedure is biased for the
regression parameters if zjt and the inputs x/a are correlated, and even if zjt and Xh are
independent, the estimated inefficiencies are under-dispersed when ignore the effect of zjt
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on inefficiency. This causes the second-step estimate of the effect of zjt on inefficiency
biased downward (toward zero).

Kumbhakar and Lovell (2000) provide the single-step estimation of inefficiency effects
in a stochastic frontier model:
^ =/(**! A ) + v„-0^„+*>„)

4.18

where uu =-{§'' zit + &>„). uit, which captures technical inefficiency, has a systematic
component 5 'zit associated with the sources of inefficiency and a random component cou.
The assumption that uit > 0 requirescou > -S'zjt, which does not require 8'zit> 0. However
as stated above, it is necessary to impose distributional assumptions on vu and cou, and to
impose the restriction cou > -S'zit (Kumbhakar and Lovell 2000). Finally, the technical
efficiency for the /-th firm can be expressed as:
TEU = exp(-u„) = expi-S'z, -co,)

4.19

4.6 Summary
This chapter provides the theoretical foundations of technical, allocative and economic
efficiencies based on Farrell's method, extended by Kopp and Diewert (1982) using
duality theory. The discussion on stochastic frontiers provides the theoretical basis for
efficiency analysis switching from a deterministic to a stochastic model, which is adopted
in this study. Furthermore, when exogenous variables are hypothesized to influence the
production process, the incorporation of such variables into the stochastic frontier model
allows investigating the determinants of inefficiency.
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Chapter 5
EMPIRICAL FRAMEWORK
5.1 Introduction
As Kumbhakar and Lovell (2000) indicate, in most empirical efficiency analysis studies,
the selection of the method to measure efficiency is arbitrary and may based on the
objectives of the study, the data available and the choice of the researcher. Consequently,
the selection of a specific method can affect the estimated efficiency scores. Analyzing
these issues, the findings of the reviewed studies have varied, as have the approaches and
methods used. This has been indicated in a comprehensive review of technical efficiency
studies in agriculture by Bravo-Ureta et al. (2007).

However, the choice of functional form is pivotal to any applied parametric efficiency
analysis. As well, the literature on production efficiency has shown that technical
efficiency scores are sensitive to the choice of both functional form of the technology and
the distributional assumption of the one-sided inefficiency component uit (Ahmed and
Bravo-Ureta 1996; Mbaga et al. 2003). As Richards and Jeffrey (2000) point out:
There are many ways to estimate any single type of efficiency and within each
method, even one's choice of the functional form or the structure of the error can
cause different efficiency measures or efficiency rankings for a single observation
(among other things) (p. 233)

Therefore, emphasis will be given to select a functional form to analyze technical
efficiency including distributional assumptions for inefficiency for the sample cow-calf
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farms. Moreover, the choice between production and cost frontiers is another important
concern. Coelli (1995) suggests that direct estimation of a production frontier to measure
technical efficiency of production/farm units is justified (than cost or profit frontier) if it
is appropriate to assume that: the input levels are fixed and that the manager of the farm
is attempting to maximize output given these input quantities; and the manager is
selecting the levels of inputs and output to maximize expected (rather than actual)
profit15.

On the other hand, the empirical estimation of cost frontier requires several conditions:
i)

estimation of cost efficiency requires information on input prices, output
quantities, and total expenditure on the inputs used, and depending on the
model, perhaps input quantities or cost shares as well (Kumbhakar and Lovell
2000),

ii)

estimation of the cost frontier requires that input prices be observable and vary
among observations. However, in many instances firms in an industry face the
same price in a given time period (Coelli 1995),

iii)

simultaneous estimation of both technical and allocative efficiency requires
that the functional form be self-dual, for example the Cobb-Douglas (Coelli
1995). Therefore, the estimation of technical and allocative efficiency using
cost frontier is limited to the use of only a self-dual functional form, which is
a substantial drawback,

iv)

relationship between the cost function and the cost share equation error terms
remains an unresolved issue, where treating the two error terms as

15

Further discussion on this is available in Zellner et al. (1966)
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independent is an unsatisfactory restriction from theoretical as well as
practical point of view. This has been pointed out by Greene (1980) and
known as the 'Greene Problem".
However, Richards and Jeffrey (2000) point out, estimating a cost frontier does not
require an assumption that producers maximize expected profit, typically made to justify
input exogeneity in a single equation production framework.

5.2 The Choice of the Functional Form
Empirical measurement of efficiency refers to the choice and specification of an explicit
production (cost) function and specification of the inefficiency terms. Choosing a correct
functional form, specifying the structure of the model and selecting the relevant variables
to include are all governed by economic theory. Since the validity of statistical tests and
inference are conditional on model specification, the choice of functional form should be
specific to research or hypotheses to be tested (Coelli 1995).

There is no functional form that dominates under all circumstances, and therefore, the
appropriate functional form specification is case specific. If the empirical estimates are
contaminated with the imposition of an inappropriate functional from, predicted
responses arising from the model may be biased and inaccurate, posing serious problems
for policy design and/ or policy implications.

Giannakas et al. (2003) conclude that the choice of functional form significantly affects
the efficiency measures obtained, implying that the selection of a particular parametric
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specification cannot be a matter of indifference. Battese and Brocca (1997) also provide
some insights on the sensitivity of the functional form on the estimated efficiency score.
They compare the Cobb-Douglas and translog functional forms using panel data from
wheat farmers in Pakistan and conclude that the final efficiency measures are sensitive to
the choice of both functional form and inefficiency effects distributional assumption.

Empirical measurements of efficiency have traditionally focused on single ad-hoc
imposed functional specifications, mostly the translog and Cobb-Douglas functional
forms (Giannakas et al. 2003). For example, Schmidt and Lovell (1979), Xu and Jeffrey
(1998) and Bravo-Ureta and Rieger (1991) adopt the Cobb-Douglas functional form to
estimate production efficiency. Alternatively, Kalirajan (1990), Kumbhakar (1994),
Heshmati and Kumbhakar (1994) and, Iraizoz et al. (2005) adopt a more flexible
functional forms such as the translog to estimate production efficiency.

The Cobb-Douglas function, however, is associated with a number of restrictive
properties. Most notably, returns to scale are restricted to take the same value across all
firms in the sample and elasticities of substitution are equal to one. Nevertheless, the
most attractive feature of the Cobb-Douglas function is its simplicity. In addition, selfduality, by which the production and cost functions are members of the same family, is
an important characteristic of the Cobb-Douglas functional form.

Despite the restrictive properties of the Cobb-Douglas function, it appears to be the most
widely used in the empirical estimation of production efficiencies as given in the reviews
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by Battese (1992), Bravo-Ureta and Pinheiro (1993), Kalirajan and Shand (1999), and
Bravo-Ureta et al. (2007). Murillo-Zamorano (2004) also shows that serious specification
and estimation problems arise as one moves far from the traditional, well-behaved and
self-dual Cobb-Douglas functional forms when estimating production efficiency.
Furthermore, according to Larue et al. (2002):
Monte Carlo simulations results indicated that the Cobb-Douglas functional form
performs as well as or better than the translog and Generalized Leontief
functional forms for most data generating processes, especially for small sample
sizes (p. ii)
Larue et al. (2002) conclude that the Cobb-Douglas function does better than, or is as
good as the more flexible alternatives such as translog and Generalized Leontief
functions, in terms of ranking firms or assessing the firms' level of efficiency.

Flexible functional forms such as, translog or the Generalized Leontief functions impose
no a priori restrictions upon the production technology such as returns-to-scale or
substitution possibilities. However, flexible functional forms are not self-dual; hence,
models based on production, cost or profit functions do not incorporate the same
maintained hypotheses on the underlying technology. Moreover, Coelli (1995) highlights
that the flexible production function such as the translog has the drawback of being
susceptible to multicollinearity due to the presence of squares and cross-products of the
variables.
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5.3 Empirical Model
Shedding light from the above discussion on the choice of functional form, it appears that
the Cobb-Douglas function is a preferred option to estimate efficiency due to its self-dual
nature. Furthermore, statistical tests are conducted using likelihood ratio test to select a
functional form. The use of a single equation model is done by the assumption of the
cow-calf producers maximize expected profits to produce single output. The choice of
input and output variables in the empirical model is guided by previous studies in the
beef sector (e.g., Featherstone 1997; Iraizoz 2005; Trestini 2006), and the availability of
data. Therefore, the production frontier for the Alberta cow-calf operations in the CobbDouglas form is given by:
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where, yu is real value of weaned cow-calf output per cow of the /-th cow-calf farm in
year t; xw is quantity of labor utilized per cow in the /-th cow-calf farm in year /,; X2u is
real value of capital inputs per cow for the /-th cow-calf farm in year /; xsu is quantity of
winter feed per cow for the /-th cow-calf farm in year /; x» is quantity of pasture input
per cow for the /-th cow-calf farm in year t; xsu is real value of veterinary and medicine
inputs per cow for the /-th cow-calf farm in year t; xeu is real value of utilities and
miscellaneous inputs per cow for the /-th cow-calf farm in year /; A's are year dummies
for 1995-2001; fi's are parameters to be estimated; sit (v„ -uu) is composed error term.
The explanatory variables constitute inputs that influence the value of weaned cow-calf
output. Greater usage of any input should lead to increased output of weaned cows and
calves, which is indicated by a positive relationship between the dependant and the
explanatory variables.
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5.4 Decomposition of Cost/Economic Efficiency
The empirical approach is primarily based on the Kopp and Diewert (1982) method
extended by Bravo-Ureta and Rieger (1991) into a stochastic production frontier. The
dual representation of the production technology allows, inter alia, for the alternative
behavioral objectives and the joint analysis of both technical and allocative efficiencies
(Bravo-Ureta and Rieger 1991). The dual stochastic cost frontier corresponding to the
stochastic production frontier denoted in equation 5.1 can be given as:
6
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where cit is the cost of production of the /-th cow-calf farm at time t; yu is the frontier
output at time t adjusted for technical inefficiency and stochastic error and wit are the
input prices at time t and D are the year dummies. The a's are the parameters to be
derived analytically assuming cost minimization objective is satisfied, where:
a
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same for 0,4,..ay, using respective input prices W3,..we and for year dummies,
aJ=-/3J-al.

5.5 Distributional Assumptions for Inefficiency
Once the functional form for the stochastic frontier is specified, the next step is the choice
of the distributional assumption for the inefficiency term. The objective of specifying the
stochastic production frontier in Equation 5.1 is to obtain technical efficiency of each
producer. For that, predictions of statistical noise vit and technical inefficiency un need to
be extracted from estimates of sit for each producer. This requires distributional
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assumptions on the two error components (Kumbhakar and Lovell 2000). The noise
component vit in Equation 5.1 is assumed to be independent, identically distributed
normal random variable with mean zero and variance a2. Thus, the error term in Equation
5.1, Sit= vn-Uit is asymmetric, since uit > 0. Therefore, additional assumptions, and a
different estimation technique are required to obtain a consistent estimate of the intercept
and estimates of the technical efficiency of each producer (Coelli et al. 2005).

Four major distributions for uit have been assumed in the literature, the most frequently
used being the truncated-normal, half-normal and exponential forms. The pioneers of the
stochastic frontier, Aigner et al. (1977) assume a half normal distribution for uit, along
with a normal distribution for vit, whereas Meeusen and Van Den Broeck (1977), use an
exponential distribution for uit. Greene (1980) considers gamma-distribution for uit.

Coelli et al. (2005) point out that the choice of the distributional specification is
sometimes a matter of computational convenience, while theoretical considerations may
influence the choice. For example, some researchers avoid the half-normal and
exponential distributions because they have a mode at zero (Stevenson 1980). A zero
mode implies that most inefficiency estimates are in the neighborhood of zero and the
associated measures of technical efficiency are in the neighborhood of one (Greene 1980;
Kumbhakar and Lovell 2000). Furthermore, if the mean of the truncated-normal model is
zero, it reduces to a half-normal model, and if the mode of the gamma model is zero it
reduces to an exponential model.
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Greene (2000) suggests that the normal-gamma model has the virtue of providing a richer
and more flexible parameterization of the inefficiency distribution in the stochastic
frontier model than either of the canonical forms: normal-half normal or normalexponential.

According to Greene (1990), the primary advantage of normal-gamma

distribution is that it does not require that the firm-specific inefficiency measures be
predominantly near zero. Hence, the gamma distribution offers a promising alternative to
the half-normal and exponential models.

According to Kalirajan and Shand (1999), although several distributions have been
considered in the literature, the most commonly employed are the half-normal and
exponential distributions. Murillo-Zamorano (2004), states that the most frequently used
distributional assumptions in empirical studies are the half-normal, exponential, and
truncated normal.

Coelli (1995) suggests that even if the selection of a particular

distributional form is arbitrary, the choice of more general ones, such as the truncatednormal (Stevenson 1980) or gamma (Greene 1990) is warranted.

Few researchers have also attempted to deal with the question whether distributional
assumption for uit in the estimation of the stochastic frontier does matter (e.g., Greene
1990, Kumbhakar and Lovell 2000, Mbaga et al. 2003, Coelli et al. 2005). Coelli et al.
(2005) point out that different distributional assumptions can give rise to different
predictions of technical efficiency. Mbaga et al. (2003) using the exponential, halfnormal and truncated-normal distributions show that the choice of the distributional form
is not critical in ranking of the efficiency levels of a sample of

dairy farmers.
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Apparently, the findings of these studies provide contradictory evidences on the issue of
whether the distributional form for inefficiency effects matter.

On the other hand, Schmidt and Sickles (1984) and Kalirajan and Shand (1999) indicate
that truncated or gamma distributional assumptions are not required when panel data are
used. This is because, with panel data, the noise is being averaged in the overall residual
over time, rather than only once as in the case of single-cross section data. Mbaga et al.
(2003) conclude that the robustness of efficiency estimates to various distributions of the
error term is specific to the data used. In this study, more flexible distribution such
truncated-normal or gamma model will be used by testing for its accurate representation
of inefficiency.

5.6 Econometric Estimation of the Stochastic Production Frontier
Efficiency analysis in a stochastic production frontier involves two steps. First, obtain the
estimates of the parameters of the technology and the parameters of the distribution of the
error terms, uit and vit. Second, to obtain the estimate of the composed error term:
su=vlt-ult=yu*-f{xkt)

5.3

This implies that one cannot use an Ordinary Least Square (OLS) estimator to compute
measures of technical efficiency (Coelli et al. 2005). As an alternative, one could apply a
Corrected Ordinary Least Square (COLS) estimator introduced by Richmond (1974).
However, the correction suggested by Richmond does not always yield non-negative
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values for all residuals (m-Sit) in empirical applications, thus failing to satisfy the frontier
hypothesis of efficiency (Kalirajan and Shand 1999)16.

Consequently, Aigner et al. (1977) provide a maximum likelihood (ML) estimator, which
appeared to be more appropriate to estimate the parameters in the stochastic frontier. As
point out by Coelli (1995), the ML estimator is asymptotically more efficient than the
corrected ordinary least square (COLS) estimator. Greene (1980) provides the refinement
of the ML estimators for the full frontier function, which has all of the familiar properties
of ML estimators.

Aigner et al. (1977) parameterized the log-likelihood function for the half-normal model
in terms of variances with the truncated half -normal distribution for uu and symmetric
distribution for vit:
2
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5.5

If 1=0 (alternatively, cr„2=0), there is no technical inefficiency effects, and all deviations
from the frontier are due to noise. In the extreme when the av2 is zero, X is equal to
infinity. Since, A, is nonnegative, Battese and Corra (1977) replace it with:
COLS is basically used in estimating the 'parametric deterministic frontier', which can
be written in the log-linear form:
In^
=PQ+f3k\nxkt+su,
where yn is output, x& a set of k inputs, /? 's are a set of parameters to be estimated, i refers
to number of producers and t is the time periods. Technical inefficiency is represented by
the error term eu in contrast to the composed error term in the stochastic frontier (Greene
1980).
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o
the values of y lies between zero and one. Using Aigner et al's (1977) parameterization,
the log-likelihood function for the truncated-normal distribution appears as:
lnZ= constant
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where, <t>(.) is the cumulative distribution function (cdf) of the standard normal random
variable evaluated at x ; N is the total number of observations; a = ^au2 + a

2

and A is as

defined above. The log-likelihood function illustrated by Equation 5.7 should be
maximized using an iterative procedure (Coelli et al. 2005). If // = 0, the truncatednormal collapses to half-normal distribution.

Alternatively, Greene (1990) proposes a gamma distribution. Considering the stochastic
production frontier specified in Equation 5.1, in which uit has the gamma distribution
gives:
f{uu) = G{X,P) = ^-ep-xe-X£,
The mean and variance of e are

a > 0, X > 0, P > 2

5.8

/J = P/A and a2 = P/X2, where P is a scalar. For the

general case of G(X,P), P must be positive. The log likelihood function for the simulated
maximum likelihood estimation is available in Greene (2000, p. 6). If P=l, the gamma
distribution collapses to the exponential distribution.
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When a stochastic frontier model is estimated, the problem of decomposing the error term
su into two components ofv„and uu is solved by Jondrow et al. (1982), by considering the
conditional distribution of uir given eit. According to Jondrow et al. (1982) either the
mean (E) or mode (M) of the distribution17 can be used as a point estimate of Ujt:
E(u„ \eu)-(Tt

KeuK)
\-F{suXJa)

g«4

5.9

where,/and F represent the standard normal density and cumulative density functions
and ov = ferial la2. The mode is:
M(U„\SU)

= -SU(<TII(T2)

\feit<Q,

5.10

'M(uu\su)
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If en > 0 chances are that uit is not large (since mean, E(vit) = 0), which suggests that the
producer is relatively technically efficient, whereas, if eit < 0, chances are that uit is large,
which suggest that the producer is relatively technically inefficient (Kumbhakar and
Lovell 2000).

5.7 The Sources of Inefficiency
Once the estimation of a stochastic production (or cost) frontier and technical efficiency
is accomplished, the next step is to examine the sources of variations in efficiency across
farms. The factors explaining inefficiency are neither inputs to the production process nor
outputs from it, but which nonetheless exert an influence on producer performances. In

17

Jondrow et al. (1982) provide the point estimates of mean and mode of w^for the halfnormal distribution
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agriculture, these explanatory factors typically include: farm/herd size, producer's age,
education and experience, and extension education, among others.

Many early empirical studies use a two-stage approach (Kalirajan 1981; Kumbhakar et al.
1989; Weersink et al. 1990; Featherstone et al. 1997; Amara et al. 1998; Bravo-Ureta and
Rieger 1991). In a two-stage approach, the first stage involves the specification and
estimation of the stochastic frontier production (cost) function and the prediction of the
technical (cost) (in)efficiency of the firms involved. The second stage of analysis
involves the specification of a regression model for the levels of technical (cost)
efficiency of the firms in terms of various explanatory variables and an additive random
error (Kalirajan 1981). In justifying the two-stage approach, Kalirajan (1991), argues that
farm-specific factors exert only an indirect effect on production through their association,
with inefficiency, so that their effect is appropriately modeled with a two-stage approach.

Coelli (1995) and Wang and Schmidt (2002), point out the theoretical and statistical
inconsistencies of the two-stage approach. This is because of the assumption that the
inefficiency effects are independently and identically distributed in the first-stage, while
treating them as dependent variables in the second-stage. The biasness of the two-stage
approach has been further discussed by Kumbhakar and Lovell (2000).

The one-stage approach is acceptable from a statistical point of view and is assumed to
give more efficient inference with respect to the parameters involved (Wang and Schmidt
2002). Many researchers have subsequently used a one-stage approach in the agricultural
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economics research (e.g., Kumbhakar et al. 1991; Coelli and Battesse 1996; Traizoz et al.
2005, Hailu et al 2005; Trestini 2006). This study also adopts one-stage approach to
analyze technical inefficiency effects.

The technical inefficiency effects model in general form is expressed as:
M

utt=80 + Yd5mzmli+a>ll

5.12

where, zmn = the mth explanatory variable of i-th farm's technical inefficiency in time t
such as farm/herd size, location, producers' characteristics, etc; <5's are parameters to be
estimated; cou is a random variable with zero mean and variance defined by the
truncation of the normal distribution at time t such that;
a>«*H

IX z «

5.13

According to Battese and Brocca (1997), in the inefficiency effects model, the
explanatory variables may be positively, negatively or not related to the technical
inefficiency.

5.8 Summary
This chapter provides the empirical model to achieve the objectives of the study, i.e., to
measure technical, allocative and economic efficiencies. It also addresses issues on
functional forms and the distributional assumptions in the stochastic production frontier.
Given its self-duality, Cobb-Douglas appears to be a preferred functional form over other
flexible functional forms. This facilitates the estimation of technical efficiency and
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analytical derivation of allocative and economic efficiencies. However, statistical tests
are done to select the functional form for the production frontier.

Once the functional form for the production frontier is specified, the choice of the
distributional assumption to represent the inefficiency term is made. The choice of
distributional form in the efficiency analyses is arbitrary, although there is a tendency to
adopt more general forms such as truncated-normal or gamma distributions that are
supported by theoretical considerations. As the question of choosing a preferred
distributional form is yet to be answered, stochastic production frontiers with different
distributional assumptions are estimated.

Extending the analysis to examine the inefficiency effects, the one-stage approach is
implemented.

Finally, the maximum likelihood method is chosen as appropriate

estimator to estimate the specified stochastic production frontier.
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Chapter 6
DATA
6.1 Sources of Data
The database for this study comes from the 'AgriPro>fit$' project, Economics and
Competitiveness Division of the Alberta Agriculture and Food. This comprehensive
database consist a wide range of inputs and output variables, including farm management
practices, from a sample of Alberta's cow-calf farms.

The data collection process is based on a two-stage random sampling depending on the
size distribution of cow-calf farms by region across Alberta. First, regions are divided
according to grass/soil types. Second, regional cross-sections of cow-calf operations are
randomly drawn. The number of cow-calf operations included in each regional sample is
subjected to revision from time to time according to the size-class distribution of cowcalf operations as provided by the Statistics Canada census. In addition to this random
sample of cow-calf farms, there is a possibility to include groups of producers who are
willing to subscribe with their farm-data. This sampling procedure is therefore assumed
to be a satisfactory representation of the cow-calf operations in Alberta.

The database contains pooled, cross section data collected at individual farm level for the
period 1995 - 2002. The database is unbalanced, due to the fact that a majority of the
cow-calf operations participated only once. Hence, the observations are a mixture of time
series and cross-sectional profiles, which is given in detail in Table 6.1.
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Table 6.1 Frequency of observations in the 'AgriProfit$' database (1995-2002)
Frequency of annual
cow-calf farms count
Percentage of cow-calf
observations
farms
1
fl8 ~
35.4
2
47
28.2
3
13
11.7
4
10
12.0
5
6
9.0
6
2
3.6
Total
333
100.0
Source: AgriProfit$ database 1995-2002

6.2 Variable Description
The specified production frontier includes output as the dependent variable and inputs
such as labor, capital, feed, utilities and other expenses, veterinary and medicine as the
independent variables. The variables included in the frontier model captures the basic
production relationship in a cow-calf farm. Selection of variables is also guided by
previous studies (e.g., Featherstone et al. 1987, Iraizoz et al. 2005 and Trestini 2007).

6.2.1 Output
Theoretically, outputs are specified in physical units in production function. However,
depending on the availability of data (e.g., given the difficulty in measuring the physical
change in production for cows and calves in a specific period, or weight gain of calves
per year), the value of weaned calves production is used as a proxy output. The choice of
the dependent variable in value terms is consistent with previous studies on beef
production efficiency (Iraizoz et al. 2005; Trestini 2006).

72

The value of output of weaned cow- calves is deflated by the cattle price index to obtain a
real value of weaned cow- calves. The deflated value of weaned cow- calf output is
normalized by the number of cows to obtain per cow output measure. The total value of
production per cow is another potential output variable. However, the values of other
outputs (i.e., feeder calves, cull calves, bulls, etc) from this sample cow-calf farms are
negligible relative to the weaned cow-calf output. Hence, single output production
function is assumed and is estimated using weaned cow-calf real values in the study.

6.2.2 Inputs
The inputs included in the production frontier are the factors of production that directly
influence the cow-calf output. Again, the choice of input variables in the model depends
on data availability. Some inputs are available in physical quantities (e.g., feed, labor,
pasture) while other inputs are in monetary values (e.g., capital, utilities, veterinary and
medicine). All inputs included in the production frontier are on per cow basis. A
description of each input variable is provided below.

Labor: Total quantity of labor hours is calculated by adding hired and family labor in
hours for a given year, assuming that family and hired labor are similar in quality. The
wage rate for farm labor (including family labor) is calculated by dividing total labor
cost by the number of labor hours. In addition, labor is adjusted for quality and used in
the production frontier estimation. Labor is adjusted for quality by dividing the total
labor expenditure by the price index for hired labor.
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Capital: The value of capital is measured as the flow of capital, which consist of
depreciation and machinery/ equipment/building lease payments on assets allocated to the
cow-calf enterprise in dollar value. However, livestock has not been treated as capital
value. Using the capital price deflators (Statistics Canada, 2005), the values of capital are
converted into constant terms.

Feed: Feed is measured in quantities and divided into two major groups as winter feed
and pasture. Tonnes of winter feed are obtained as the sum of all feed utilized such as
winter feed, hay and silage except pasture. The quantity of pasture is measured in
Animal Unit Months (AUM's)18 per cow. Winter feed and pasture prices are obtained
by dividing the costs of feed by the quantity of feed. These nominal prices are then
converted to real prices by dividing each series by a livestock feed price index.

Utilities and Other Expenses: Utilities and other expenses is obtained as the sum of
total cost spent on fuel, machinery and corrals and building repairs, utilities and
miscellaneous costs, custom work and specialized labor19 operating interest paid, taxes,
water, license and insurance payments in dollar values. The constant value of utilities
and other expenses are obtained by deflating the nominal values by the utility price
index.

One AUM is the amount of forage required by an animal unit (AU) for one month, or the
tenure of one AU for one month period.
19

Labor use for special activities other than family and hired labor
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Veterinary, Medicine and Breeding: This input variable is obtained as the sum of
veterinary, medicine, breeding, and bull rental expenses. The real value this input is
obtained by dividing total expenditure on of veterinary, medicine and breeding by the
veterinary services price index.

The Year Dummies: Dummy variables for the years from 1995 to 2002 are created. The
year 2002 is used as reference year in the analysis. These dummy variables may account
for any year effects (i.e., weather, technology, policy, etc.) on cow-calf output that have
not been captured by the variables in the production frontier.

The values of price indices used in this study are provided in Table 6.2. Year 2004 is
considered as the base year for the calculation of price indices.

Table 6.2 Price indices used to deflate price variables (1995-2002)
Year
Price Index
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Cattle
production
110.7
88.3
118.1
125.1
134.8
159.6
164.0
140.4
132.2
100.0

Capital

Utilities

77.9
80.1
82.5
80.3
82.1 •
86.0
88.9
87.3
93.9
100.0

77.2
82.2
83.2
79.1
79.0
80.9
84.9
91.5
96.9
100.0

Veterinary
service
64.7
67.2
68.4
68.3
71.7
72.2
74.9
89.2
96.3
100.0

Labor
77.6
80.7
84.6
84.9
81.3
85.8
90.7
92.3
95.2
100.0

Livestock Animal
feed
production
99.2
92.4
100.7
112.0
110.3
106.3
105.6
93.8
107.9
85.3
83.4
119.8
93.3
126.5
122.5
109.1
105.1
117.5
100.0
100.0

Source: Statistics Canada (1990-2004)
Note: Annual index value is the average of quarterly indices and capital price index is the
average of building, fencing and machinery price indices.
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6.3 Variables in the Technical (Economic) Inefficiency Effects
A summary of the explanatory variables commonly used to explain inefficiency in the
livestock sector is given in Table 6.3. The definitions of variables explaining efficiency
variations are provided below:

Table 6.3 Variables explaining inefficiency in the Livestock sector
Variable
Reference
a) Labor Quality
Education/Schooling years of the producer Weersink et al. (1990); Kumbhakar et al.
(1991)
Bravo-Ureta
and Rieger (1991)
Extension services
Iraizoz et al. (2005)
Producers' age
Weersink et al. (1990); Kumbhakar et al.
Producers' farming experience (years of
farm management)
(1991)
b) Input Specification
Concentrate feed per head
Ahmed and Bravo-Ureta (1996); Trestini
(2006)
Share feed purchased
Weersink etal. (1990)
Labor per head
Ahmed and Bravo-Ureta (1996); Trestini
(2006)
Hired labor utilization
Weersink et al. (1990); Iraizoz et al. (2005)
Share of family labor
Trestini (2006)
Debt level
Iraizoz et al. (2005)
Reliance on Subsidies
Iraizoz et al. (2005)
c) Size Specification
Herd size
Weersink et al. (1990); Ahmed and BravoUreta (1996)
Farm size (area or economic)
Bravo-Ureta and Rieger (1991); Kumbhakar
et al. (1991); Iraizoz et al. (2005)
d) Physical/ Temporal Environment
Regional dummies
Weersink et al. (1990); Kumbhakar et al.
(1991); Iraizoz et al. (2005); Hailu et al.
(2005)
Time dummies
Trestini (2006); Iraizoz et al. (2005)
Hailu et al. (2005)
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Herd size: Herd size represents the number of cows per farm. Although the evidence on
the influence of herd size on inefficiency is inconclusive, herd size is expected to have
positive effect on efficiency. This is because larger farms are hypothesized to be able to
potentially exploit economies of scale and become more efficient in production.

Reliance on government support: Any financial receipt from government is considered
as government support, for which some of the cow-calf operations have been entitled.
Theoretically, reliance of cow-calf producers on the government support is expected to
have negative influence on the degree of efficiency. That is higher government support
per unit output may reduce the incentive to improve efficiency. This has been verified in
other studies as well (e.g., Iraizoz et al. 2005). A dummy variable is created to capture
government support; 1 if the farm received any government support, 0 otherwise.

Region: Based on soil/grass type, cow-calf production is divided into three regions.
Three dummy variables are created to represent region. Southern-Alberta region is used
as a reference. Region could have positive, negative or no relationship with production
efficiency.

Conception, calving rate and, weaning rates: All three biological variables are
measured in percentage. These variables are used as a proxy for biological performance.
The biological efficiency may also have link to managerial competence of the cow-calf
operation. Therefore, these indicators are expected to have positive influence on technical
efficiency.
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Family labor share: Share of family labor is measured as a ratio of family labor hours to
hired labor hours. The proportion of family labor to total labor could have a positive,
negative or no effect on production efficiency. Higher share of family labor in cow-calf
operations may be an indicator of full-time farming with negligible off-farm incomes.
Hence, a higher share of family labor could enhance production efficiency. On the other
hand, larger cow-calf operations may opt for more specialized hired labor. The influence
of labor on efficiency may largely depend on the quality of labor rather than quantity.

Cost of bedding: A higher cost of bedding may suggest the presence of a better quality
bedding materials for cow-calves on the farm. Bedding may enhance the management
condition for cows and calves resulting in a higher output. Therefore, a priori we expect
that higher bedding material expenditure enhances production efficiency.

Trucking and marketing costs
Trucking and marketing costs may represent transaction costs in cow-calf marketing. If
this is the case, higher trucking and marketing cost might be associated with lower
efficiency. A priori expectation on the influence of trucking and marketing costs on
production inefficiency is therefore positive.

Table 6.4 provides summary statistics of variables used in the study. Generally, many
variables show a wider variation between the minimums and maximums (e.g., output
variables, cost of labor, etc.).
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Table 6.4 Summary statistics of the output and inputs variables
Min Max
Units
Mean
Variable
Output
Real value of output of
weaned cows and calves
Real value of total
production
Inputs
Quantity of hired labor
Quantity of family labor
Real value of hired labor
Real value of family
labor
Real value of capital
Quantity of winter feed

$/cow

442.7

63.3

1,284.4

114.9

25.9

$/cow

459.0

5.9

924.5

141.1

30.7

hours/
cow
hours/
cow
$/cow
$/cow

1.5

0

61.6

4.5

300.0

11.5

0

150.5

15.6

135.6

18.7
135.6

0
0

646.0
1,865.8

54.9
188.8

293.5
139.2

123.9
6.2

3.4
0.26

2,312.1
93.7

212.3
9.2

171.3
148.4

365.2
11.5

22.4
0.27

4,448.4
136.7

485.2
14.0

132.8
121.7

207.4
147.3
40.6

1.4
6.6
0

2,702.0
1,545.6
878.4

254.2
173.4
70.0

122.6
117.7
660.4

160
0.88
92.2
98.0
97.7
2126.4
2,415.5

7
0.0
62.4
76.9
72.9
0.0
21.0

950
1.0
100.0
100.0
100.0
30,820.4
28,434.8

119.8
0.19
6.3
3.5
8.1
3,022.6
2999.2

74.8
21.5
6.8
3.6
8.3
142.2
124.2

$/cow
tonnes/
cow
Real value of Winter feed $/cow
Quantity of pasture
AUM's/
cow
Real value of Pasture
$/cow
$/cow
Real value of utilities
$/cow
Real value of veterinary
and medicine
Inefficiency Effect
Variables
Herd size
Share of family labor
Conception rate
Calving rate
Weaning rate
Bedding cost
Trucking and marketing
costs

Standard CV
Deviation

Cows
%
%
%
%
$/ton
$/ton

Source: AgriProfit$ database 1995-2002
Note: Zero values of some variables (i.e., quantity of hired labor and family labor,
bedding cost, etc.) are adjusted as 0.001, when converted them into log values when
production frontier estimation.
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Table 6.5 provides the descriptive statistics of total cow-calf herd size distribution. Total
cow-calf herd includes wintered, weaned, feeder and slaughter cows. The total number of
cows per farm varies widely, from 51 to 950 cows, among the cow-calf operations in the
three Alberta regions. The coefficient of variation (CV) tells that the dispersion of the
size of the total cow-calf herds in the sample. The dispersion for large cow-calf
operations is higher in Southern Alberta, while it is lower in small herds. In general, the
heterogeneity in size is relatively higher for farms with more than 200 cows.

Table 6.5 Cow-calf herd size distribution in Southern Alberta, Aspen Parkland, and
Boreal Transition regions of Alberta

Mean
Min
Max
Standard
Deviation
CV
Total farm
acres

Small Operations
(less than 200 cows)
Aspen
Southern
Boreal
Alberta
Parkland Transition
118
118
122
59
51
51
197
196
198
36
30.5
2,882

44
37.3
1,860

41
33.6
1,483

Large Operations
(more than 200 <;ows)
Southern
Aspen
Boreal
Alberta
Parkland
Transition
317
308
307
202
210
200
717
570
950
143
45.1
10,358

106
34.4
3,423

135
43.9
4,221

Source: AgriProfit$ database 1995-2002

6.4.1 Average Cost of Production and the Size of Cow-calf Farms
The relationship between the average costs of production and the log of herd size with a
fitted log trend line for Alberta cow-calf farms is illustrated in Figure 6.1. If the
producers are to exploit economies of scale, it should show a lower cost of production for
the larger farms. This relates to the notion that the larger the herd size, the lower the
average cost of production, which might have some bearing on scale-efficiency in
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production. The log trend line suggests such a general pattern exists for the sample cowcalf farms.

Figure 6.1 Average cost of production among cow-calf operations -1995-2002 (real
dollars per cow per year)

Avgcost/
cowyr

200

1.00

1.50

2.00

2.50

3.00
Log (find size)

Source: AgriProfit$ database 1995-2002

Figure 6.2 presents the frequency distribution of the herd size in the three regions, i.e.,
Southern Alberta, Aspen Parkland and Boreal-Transition. In all three regions, a majority
of cow-calf farms fall into the herd-size category of 101-200. Also, Figure 6.2 shows a
higher frequency of cow-calf farms with less than 200 cows relative to the farms with
more than 200 cows for all three regions. In Southern Alberta, 80 percent of the cow-calf
farms in the sample have less than 200 cows, whereas this value is 74 and 71 percents for
Aspen Parkland and Boreal-Transition regions, respectively. The average herd size in this
sample is 160, indicating a higher frequency of medium size cow-calf operations in the
database. However, the herd size is highly diverse, ranging from a minimum of seven
head to a maximum of 950 head.
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Figure 6.2 Frequency distribution of the total herd size in the sample
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6.5 Summary
This chapter provides the description of variables used in the stochastic frontier model
and stochastic dual cost frontier. It also describes the variables used in the inefficiency
effects model. The variables included in the frontier function and inefficiency model are
selected based on the previous studies and availability of variables in the database. All
the price variables are deflated by using relevant price indexes to obtain real values. Also,
labor input is adjusted for quality to reflect the wage rate. The descriptive statistics of the
variables provide some indications of the magnitudes and the dispersion of each variable.
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Chapter 7
RESULTS AND DISCUSSION
7.1 Introduction
The objective of this chapter is to present the results from the empirical estimation of the
stochastic production frontier and related efficiency analyses for the sample of Alberta
cow-calf farms. Maximum likelihood procedures in both20 LIMDEP version 9 (Greene
2007) and FRONTIER 4.1c (Coelli 1996/97) are used to obtain the parameter estimates
of the stochastic production frontier and efficiency estimates.

Once the production

function is estimated, the stochastic cost frontier is analytically derived and economic and
allocative efficiencies are estimated. A likelihood ratio test is used to select a suitable
functional form that represents the production technology of the sample cow-calf farms.
Parametric and non-parametric statistical tests are conducted to compare and select the
distributional form for the inefficiency term un.

7.2 The Choice of the Functional Form
There are no theoretical or prior empirical reasons to favor a specific functional form.
Therefore, likelihood ratio (LR) test is carried out to select functional from, i.e., the
Cobb-Douglas production frontier versus translog production frontier. The likelihood
ratio test statistic is given by:
LR=2[LLFu-LLF R ]~x 2

LIMDEP allows for the estimation of production frontier with all four distributional forms for
iij, (i.e., half-normal, truncated-normal, exponential and gamma), whereas FRONTIER 4.1 allows
for the estimation of production frontier with half-normal and truncated-normal distributions.
However, LIMDEP shows convergence problem (Greene 2007, p.R-9-11) when estimating
truncated normal production frontier model in a one-stage approach.
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where, LLFu is a log likelihood function for the unrestricted (i.e., translog) and L L F R is a
log likelihood function for the restricted (i.e., Cobb-Douglas) . The LR test statistic has
asymptotic chi-square distribution with degrees of freedom equal to the number of
restrictions (Battese and Coelli 1995). The calculated LR test value is 17.48, and the
critical chi-square value is 32.80 ( j 2 ) at a five percent significance level for 15 degrees
of freedom. This suggests a failure to reject the null hypothesis in favor of the CobbDouglas production frontier.

According to Ahmed and Bravo-Ureta (1996), the estimation of conventional translog
frontier is generally prone to problems of multicollinearity. As well, previous studies
(e.g., Larue et al. 2002 and Murillo-Zamorano 2004) have shown that the Cobb-Douglas
production function is as good as or better than flexible functional forms such as translog
when estimating efficiency. In addition, the self-duality property of the Cobb-Douglas
functional form enables one to analytically derive the stochastic cost frontier, and
economic and allocative efficiencies. Therefore, the Cobb-Douglas stochastic production
frontier is estimated as defined by Equation 5.1. The remaining analysis and discussion is
based on the Cobb-Douglas stochastic production frontier.

7.3 Tests for Distributional Forms for un
The major purpose of the study is to measure production efficiency, and to examine the
underlying sources of variations in production efficiency across individual cow-calf
farms. Once the Cobb-Douglas production frontier is selected, the next step is to select
an appropriate distributional form for the inefficiency effect term uit (i.e., half-normal,
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truncated-normal, exponential and gamma). The following section provides statistical
tests to select a distributional assumption for the study, and to compare efficiency
measures from alternative distributional assumptions.

7.3.1 Correlation and Rank-Correlation Tests
To compare the levels and rankings of technical efficiency measures resulting from the
four distributional assumptions, Pearson and Spearman rank correlations are calculated.
Table 7.1 presents the correlation coefficients and the Spearman rank correlation
coefficients between technical efficiency scores from the four distributional forms for the
sample of cow-calf farms.

Table 7.1 Correlation and rank correlation coefficients of estimated efficiency scores
from the four distributional forms of the sample cow-calf farms
Gamma
Gamma
Truncated-normal
Half-normal
Exponential

1.000

Gamma
Gamma
Truncated-normal
Half-normal
Exponential

1.000

Correlation
TruncatedHalf-normal
normal
0.971***
0.881***
1.000
0.959***
1.000
Spearman Rank Correlation
TruncatedHalf-normal
normal
O.974***
0.980***
0.990***
1.000
1.000

Exponential
0.994***
0.984***
0.921***
1.000
Exponential
0.996***
0.979***
0.985***
1.000

Note that, *** indicates 1% significance level
The highest level of correlation is observed between the gamma and the exponential
distributions (0.994), whereas the lowest correlation is observed between the gamma and
the half-normal (0.881) distributions. The highest rank-correlation is also observed
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between the gamma and the exponential (0.996) distributions, whereas the lowest rankcorrelation is observed between the gamma and the truncated-normal (0.974)
distributions.

The overall comparison of the magnitudes of the pair-wise level and the rank correlations
between technical efficiency scores from alternative distributional assumptions show a
relatively strong association among the technical efficiency indices. Kumbhakar and
Lovell (2000, p.90) and Mbaga et al. (2003) also report high correlations between
technical efficiency scores from different distributions. Both these studies suggest that the
choice of a distribution is often inconsequential. In this context, this indicates that all
four models give similar technical efficiency scores and ranking of the cow-calf
producers. However, further statistical tests are conducted to select a suitable
distributional form for cow-calf farms.

7.3.2 Mean Differences of Estimated Technical Efficiency Scores
Technical efficiency measures are relative and are based on a comparison of individual
farms with the most efficient farms in the sample. Therefore, there may be mean
differences in the estimated technical efficiencies among distributional assumptions.
Table 7.2 provides the descriptive statistics of technical efficiency measures.
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Table 7.2 Technical efficiency distributions among alternative distributional forms
Distribution
Mean Technical Minimum Maximum Std. Error CV (%)
Efficiency
0.129
Truncated-normal
0.830
0.163
0.983
16
Half-normal
0.811
0.165
0.983
0.121
15
Gamma-normal
0.877
0.174
0.984
0.109
12
Exponential-normal
0.837
0.168
0.974
0.122
15

To test if there are statistically significant mean differences among the estimated
technical efficiencies, a paired sample t-test and a non-parametric tests (i.e., Wilcoxon
Signed Rank test) are conducted. The results suggest that the mean differences between
the pairs of distributional assumptions (e.g., truncated-normal and gamma, truncatednormal and half-normal, truncated-normal and exponential, gamma and exponential,
gamma and half-normal and exponential and half-normal21) are significantly different at
the one percent significance level. Furthermore, Wilcoxon Signed Rank tests show
statistically significant differences in mean technical efficiencies between pairs of
distributional assumptions.

7.3.3 Likelihood Ratio Tests to select among Alternative Distributions
To investigate the issue around distributional assumptions further, likelihood ratio tests
are conducted to select between the half-normal (restricted) and truncated- normal
(unrestricted) distributions and between exponential (restricted) and gamma (unrestricted)
distributions (See Green 2007). The results of LR tests are presented in Table 7.3.

Results are provided in the Appendix I
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For both pairs (i.e., truncated versus half-normal and gamma versus exponential) the LR
test statistics are higher than the critical chi-square values at five percent significance
level. This implies that the truncated-normal distribution (unrestricted) is significantly
different from the half-normal (restricted) distribution, irrespective of the inclusion of
inefficiency effects. The gamma distribution is significantly different from the
exponential distribution at five percent significance level. Given the LR test statistics, the
gamma (Greene 1990) and truncated-normal (Stevenson 1980) distributions are selected
for further analysis.

Table 7.3 Likelihood ratio tests of alternative distributional assumptions to represent
inefficiency in the Cobb-Douglas production frontier of Alberta cow-calf operations
(1995-2002)
.
Test
Log Likelihood
Degrees of
Test
Calculated
2
freedom
Statistic( j 0 95 )
value
_
(df).
_
Half-normal versus Half Normal= 27.274
1
3.841
24.000**
Truncated-normal
Truncated
(without
Normal=39.274
inefficiency effects)
Half-normal versus
Truncated- normal
(with inefficiency
effects)

HalfNormal= 54.739
Truncated
Normal=71.061

1

3.841

32.644**

Exponential versus
Gamma

Exponential = 45.244
Gamma = 47.967

1

3.841

5.446**

Note: ** significant at 5% significance level.
The LR test is LR=2{LLFu - LLFR}, where LLFu is log likelihood function for the
unrestricted model and LLFR is the log likelihood function for restricted model.

7.3.4 Akaike Information Criterion Test
Since the gamma and the truncated normal distributions are non-nested, Akaike
Information Criterion (AIC) test22 is conducted to choose between the truncated-normal
and the gamma distributions.

The calculated AIC test values for the gamma and

truncated-normal distributions are -61.943 and -87.274, respectively. This implies that the
truncated-normal is a preferred distributional assumption.

Finally, a Cobb-Douglas

production frontier with the truncated-normal distribution is estimated in an effort to
measure the technical efficiency of sample cow-calf farms in Alberta.

7.4 Parameter Estimates of the Stochastic Production Frontier
Parameter estimates of the Cobb-Douglas stochastic production frontier with truncatednormal distribution are given in Table 7.423. The dependent variable is the real value of
weaned cows and calves output per cow.

Given the estimated parameters, the stochastic production frontier in Table 7.4 is checked
for the theoretical properties of production function, i.e., monotonicity and concavity.
(Chambers 1988). The estimated production frontier satisfies these properties when
evaluated at the mean. Most of the parameter estimates of the production frontier are
statistically significant at one percent significance level (Table 7.4). Among the input
variables, the coefficient for veterinary and medicine is not significant. The coefficients
for dummy variables are positive for 1997, 1998, 1999, 2000 and 2001 and negative for
22

AIC=-2 LLF+ 2(number of parameters), where, LLF is the log likelihood function. The model
with lowest AIC is preferred (Greene 2007).
23
The parameter estimates of the Cobb-Douglas production frontier with gamma distribution is
given in the Appendix I.

89

1995 and 1996 relative to the base year 2002 capturing the year effects on cow-calf
output.
Table 7.4 The maximum likelihood estimates of the Cobb-Douglas stochastic production
frontier for Alberta cow-calf farms with truncated-normal distribution (1995-2002)
Variable
Truncated-normal distribution for uu
Coefficient
t- ratio
Frontier model
Constant
5.044***
36.098
Capital
2.804
0.047***
Labor
0.052***
2.128
Pasture
0.162***
4.122
Winter feed
0.065***
3.177
Utilities
0.062***
2.723
Veterinary and medicine
0.003
0.502
Year Dummies
- D1995
-0.127***
-2.483
- D 1996
-0.042
-0.940
- D1997
2.114
0.116**
- D 1998
0.013
0.287
- D 1999
0.194***
5.551
- D 2000
0.147***
4.091
- D2001
0.051
1.391
Inefficiency effects
Constant
10.530***
4.931
Government support
0.735***
3.166
-3
313***
Conception rate
-3.462
Weaning rate
-2 951***
-3.577
Calving rate
-5.370***
-3.985
Region- Aspen parkland
0.382***
2.281
- Boreal Transition
0.508***
2.573
Herd size
-0.003***
-2.676
Family labor share
-0.088***
-2.156
Bedding cost
-0.010***
-2.545
Trucking and marketing costs
0.0004
0.100
Variance parameters
0.014***
3.279

°l
°l

£=<ylhl
2 2
r = (a Ja u+^)

0.0.241
17.214
0.947***

66.599

Log likelihood Function
70.635
Number of observations
333
Technical Efficiency (%)
83.3
Note that, ***, **, and * represents 1%, 5% and 10% significance levels respectively.
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7.4.1 Output Elasticities and Returns to Scale
The estimated the Cobb-Douglas production frontier coefficients are output elasticities.
All the estimated output elasticities are positive and less than one suggesting that using
more of any of the inputs would lead to an a less than proportionate increase in output.
The results indicate that output is more responsive to a percentage change in pasture.
Note that veterinary and medicine input is statistically insignificant suggesting that it has
no impact on cow-calf output. This could be due to neutral net effect of preventive (i.e.,
increase efficiency) and curative (i.e., reduce efficiency) measures adopted by sample
cow-calf producers.

The relatively higher elasticity values for utilities and winter feed also suggests that given
the current production practices, these inputs make important contribution to cow-calf
output. Since the output elasticities are less than one (and closer to zero), it may be
concluded that Alberta cow-calf farms operate in the rational zone, that is in stage II of
the production process, where marginal physical product is falling.

The sum of output elasticities for the Cobb-Douglas production frontier provides a
measure of returns to scale. One of the theoretical properties of the Cobb-Douglas
production function is the restrictive nature of the returns to scale measure, which is
constant across all firms in the sample (Chambers 1988). The sum of elasticity values for
the estimated production frontier is 0.391, which is less than unity. This result indicates
that the estimated production frontier exhibits decreasing returns to scale. This implies
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that for a proportional increase in all inputs results in a less proportional increase in
output.

Likelihood ratio test is conducted to test the hypothesis that returns to scale is constant.
6

The null hypothesis is that: HO :^/3k = 1. The likelihood ratio test is as:
LR= 2[LLF DRS - LLF CRS] = 113.55** > ;tf(o.M)=7.87.
where LLF DRS is log-likelihood function for decreasing returns to scale (unrestricted),
LLFCRS is log-likelihood function for constant returns to scale (restricted). Since, the LR
test statistic is greater than the critical chi-square value at five percent significance level
for one degree of freedom; we tend to reject the null hypothesis of constant returns to
scale. This result suggests that the sample cow-calf farms are operating at decreasing
returns to scale. In previous study, Iraizoz et al. (2005) also found decreasing returns to
scale for Spanish beef farms using a translog production frontier.

7.5 Estimation of Technical Efficiency using the Stochastic Production Frontier
The estimated gamma (y) parameter [= (alu ja2u + a])]

is 0.949, suggesting that

inefficiency effect explains significant proportion of the variability in output across the
cow-calf farms (Table 7.4). For the sample farms, this implies that approximately 95
percent of the total variation in output around the frontier is due to technical inefficiency.
Thus, the estimation of stochastic frontier formulation is justified, instead of the
estimation of OLS.
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In addition, a likelihood ratio test is calculated to test the null hypothesis that the
coefficients of the variables explaining technical inefficiency are jointly zero
10

(i.e., HO :^Sm

-0). The likelihood ratio test statistic is given by:

LR= 2[LLFu-LLFR] = 63.574** > ^20(005) = 18.307,
where LLFu is log-likelihood function unrestricted model (i.e., stochastic production
frontier with inefficiency effects) and

LLFR

is log-likelihood function restricted model

(i.e., stochastic production frontier without inefficiency effects). Since the calculated test
statistic is greater than the critical chi-square value, we tend to reject the null hypothesis
that the coefficients on variables explaining technical inefficiency are jointly zero.

The estimated mean technical efficiency is 83.3 percent and it ranges between 16.3
percent and 98.3 percent (Table 7.2). The estimated mean technical efficiency reveals
that Alberta cow-calf farms are not fully successful in achieving the maximum possible
output from given inputs and technology. Ceteris paribus, the sample farms have a
potential to improve their output by approximately 17 percent, on average, using the
existing technology without need for additional inputs.

Although, the production efficiency scores across different studies are not directly
comparable, since they use different analytical methods, data, models and technologies,
they may still provide some information on the degree of variations in efficiency scores.
For example, the mean technical efficiency obtained by Trestini (2006) for Italian beef
industry is 78.6 percent. As well, Iraizoz et al. (2005) obtain a mean technical efficiency
of 84.3 percent for Spanish beef industry. Both these studies use stochastic production
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frontier approach.

In contrast, Featherstone et al. (1997) obtain a mean technical

efficiency of 78 percent for Kansas beef industry using a programming approach.

7.6 The Dual Cost Frontier: Economic and Allocative Efficiencies
Once the stochastic production frontier is estimated, the indirect cost frontier is
analytically derived using the concept of duality. The stochastic dual cost frontier based
on the estimated parameters of the stochastic production frontier is as follows:
Inc.* =-12.987+ 2.564 In >>,; + 0.1331nwL„ + 0.1211nwCtt +0.4161nwra, + 0.166 In wv™
+ 0.1581nwwl, + 0.006 In w^,, + 0.327£>,95 +0.109£>(96 + 0.296£>97 -0.034£ /9g
- 0.497 A » -0.376D/00 -0.13\D m
where cit is the minimum cost of producing cow-calf for the z'-th farm in year t, yu is the
cost minimizing frontier output adjusted for random noise for the z'-th farm in year t, WLU
is the wage rate in year t, wen is the price of capital in year /, wpsu is the price of pasture
in year t, WWFU is the price of winter feed in year t, wun is the price of utilities in year t,
wvMtt is the price of veterinary and medicine in dollars24 in year t and D represent year
dummies for years from 1995 to 2001 for the z'-th farm.

Following Bravo-Ureta and Rieger (1991), output is adjusted for random noise as
follows: \<zt yit= f(xkt) +£u, where sit = vit- uit, and yit is observable output for each cowcalf farm at time t. From the stochastic production frontier estimation, one can obtain «,-,.
This provides yu* = flxkuY uit = yit - vit, where yu* is the observed output adjusted for
statistical noise, vih for z'-th cow-calf. This allows for the derivation of the (dual) frontier
cost function, which in turn is the basis for measuring cost/economic and allocative
24

The prices are the averages for a given year.
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efficiencies. Economic efficiency is calculated as the ratio of the frontier cost to observed
cost, i.e.,EEit=c]Jcu , where cu is observed cost. Finally, allocative efficiency of
individual farm is obtained as the ratio of economic efficiency to technical efficiency,
Le.,AEu=EEjTEu.

Table 7.5 presents descriptive statistics of the estimated economic, technical, and
allocative efficiencies of the sample cow-calf farms.

Table 7.5 Descriptive Statistics of economic, technical and allocative efficiency estimates
for the Alberta cow-calf farms (1995-2002)

Mean (%)
Minimum (%)
Maximum (%)
Standard Deviation (%)
CV (%)

Economic
Efficiency
66.885
0.836
98.173
0.219
0.327

Technical
Efficiency
83.331
16.289
98.173
0.128
0.154

Allocative
Efficiency
77.728
5.134
1.000
0.196
0.252

The estimated mean input allocative efficiency is approximately 78 percent.

This

suggests that the cow-calf farms are not fully successful in allocation of existing
resources at the given input prices. Note that the mean technical efficiency score is
higher than the mean allocative efficiency score, indicating that allocative inefficiency
(i.e., 22 percent) contributes more to economic inefficiency (i.e., 33 percent) compared to
technical inefficiency (i.e., 17 percent).

The higher mean technical efficiency score may suggest that the sample cow-calf farms
tend to be more homogenous in terms of technical efficiency, whereas the lower mean
allocative efficiency score may suggest that the sample cow-calf farms tend to be more
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heterogeneous in terms of allocative efficiency. The economic efficiency score for
sample cow-calf farms ranges from 0.84 to 98.2 percent with a mean of 67 percent. This
result suggests that, other things constant, if the cow-calf farms were both technically and
allocativelly efficient, the same level of output can be produced with approximately 33
percent less cost.

7.6.1 Frequency Distribution of Efficiency Scores
Figure 7.1 presents the frequency distribution of technical, allocative and economic
efficiencies for the sample farms.

Figure 7.1 Frequency distribution of technical, allocative and economic efficiencies for
the sample cow-calf farms in Alberta (1995-2002)
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The distribution of technical efficiencies is skewed towards a higher level of technical
efficiency with a score greater than 70 percent. Approximately 88 percent of the sample
farms obtain above 70 percent technical efficiency. Approximately 35 percent of the
cow-calf farms lie above 90 percent technical efficiency level.

Approximately 71 percent of the sample farms achieve allocative efficiency higher than
70 percent, while 31 percent perform beyond 90 percent allocative efficiency, implying
that this group responds better to price signals when allocating resources. Approximately
3 percent of the sample cow-calf farms achieve allocative efficiency of less than 30
percent indicating their poor resource allocation behavior. Approximately 13 percent of
sample cow-calf farms obtain above 90 percent economic efficiency while seven percent
obtain below 30 percent economic efficiency level. In terms of economic efficiency, the
distribution shows some heterogeneity across the sample cow-calf farms.

In summary, approximately 58 percent of the sample farms attain economic and
allocative efficiencies above the means. Around 65 percent of the sample farms obtain
technical efficiency higher than the mean. Trestini (2006) found that 62 percent of the
Italian beef producers are above the mean technical efficiency, whereas Iraizoz et al.
(2005) found that 65 percent of Spanish beef producers fall into that range. Therefore, in
terms of technical efficiency, the sample Alberta cow-calf producers are likely to perform
more homogenously relative to the Italian and Spanish beef cattle farms.
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7.6.2 Farm Size and Distribution of Efficiency Scores
Another way of looking at production efficiency is to categorize farms by size. Figure 7.2
presents the relationship between mean technical, allocative and economic efficiencies
and herd size.

Figure 7.2 Herd size and mean economic, allocative and technical efficiency for Alberta
cow-calf operations (1995-2002)
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Sample cow-calf farms with less than 50 cows report lower mean economic, allocative
and technical efficiencies as compared to larger farms. This finding may suggest that a
positive relationship between production efficiencies and herd size. In all herd size
categories, technical efficiency is higher than allocative efficiency except for size
category of 101-150 cows, where allocative efficiency is higher.
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7.6.3 Annual Variations in Efficiency
In order to get a better understanding of the relative mean production efficiency of
sample farms over time, the variations in production efficiency across years are
evaluated. Figure 7.3 presents mean production efficiency measures across years.

Figure 7.3 Annual variations of mean economic, allocative and technical efficiencies of
cow-calf operations (1995-2002)
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A weak positive correlation exists between the levels of economic, allocative and
technical efficiencies and time. This positive trend could be due to favorable weather,
policy changes (e.g., removal of Western Grain Transportation Subsidies in 1995
resulting in cheaper feed prices) and other time-varying variables, which are not
accounted for in the stochastic frontier model. These factors could have positively
contributed to improve cow-calf production efficiency for the period from 1995 to 2002,
which suggest a need for further analysis.
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7.6.4. Regional Variations and Technical Efficiency
Figure 7.4 presents the relationship between herd size and mean technical efficiency
score for the three regions.

Figure 7.4 Regional variations of mean technical efficiency of cow-calf farms (19952002)
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In general, the cow-calf farms in Southern Alberta region appear to be more technically
efficient than those in Boreal-Transition and Aspen-Parkland regions. Mean technical
efficiency is lower for farms with less than 50 cows both in Aspen Parkland and BorealTransition regions. However, in Southern Alberta farms with less than 50 cows are as
technically efficient (approximately 85 percent) as farms with more than 200 cows. In the
three regions, relatively homogeneous pattern in mean technical efficiencies are observed
for herd size category of 101 -150.
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7.6.5 Variations in Biological Characteristics and Technical Efficiency
Figure 7.5 presents the relationship between mean conception, calving and weaning rates
and mean technical efficiencies of the sample farms.

Figure 7.5 Variations of mean conception, calving and weaning rates of cow-calf farms
among technical efficiency categories (1995-2002)
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In general, for the sample farms, the mean conception rate is lower relative to the mean
calving and weaning rates for most of technical efficiency categories. However, some
farms with higher mean conception rates obtained lower technical efficiency. The
variations in the mean values of the biological characteristics are higher for less
technically efficient farms, as compared to more technically efficient farms.

7.6.6 Variations in Technical Efficiency with Government Support
Few of the sample cow-calf farms are received government support. Table 7.6 gives the
descriptive statistics of the technical efficiencies for the sample farms with and without
government receipts.
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Table 7.6 Descriptive statistics of technical efficiency scores among the farms with and
without government receipts
Technical Efficiency
Cow-calf farms with
Cow-calf farms without
government support
government support
Mean
"
0.742
0.846
Minimum
0.375
0.205
Maximum
0.959
0.982
Standard Deviation
0.158
0.112
CV(%)
21.333
13.267

The mean technical efficiencies suggest that those cow-calf farms that received
government support are less technically efficient (0.742) than the farms without
government support (0.846). As well, the value of the coefficient of variation (CV)
indicates that variation in technical efficiencies is higher for farms with government
support than farms without government support.

7.7 The sources of Production Inefficiency
The question of "why some producers are on or close to their frontier, while others are
not" is an issue of overriding concern. In order to improve the competitiveness of the
cow-calf industry, in general, and the individual farms, in particular, it is important to
identify and understand the sources of production inefficiencies. With regards to the
sources of production inefficiency differential among cow-calf farms, the estimates of
inefficiency effect model provide some insights.

Recall that technical efficiency is estimated as exp(-w,,)> where the value of uit is predicted
from

the

estimated

production

frontier.

The

technical

inefficiency

effects

M

(i.Q.,uTu = 5l +^5TM

zmit +col ) presented in Table 7.4 are estimated using a one-stage
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approach along with the production frontier. The estimates of these parameters are
interpreted as technical inefficiency effects, \.e.,dul ldzmit -8ru.

However, allocative

and economic inefficiency effects need to be analytically estimated with a two-stage
'ye

procedure. Since the inefficiency scores are truncated at zero, a Tobit regression is used.

The following transformation is made to obtain consistent estimates of allocative and
economic inefficiency effects with the estimates of technical inefficiency effects. As
stated above, the estimated stochastic production frontier provides technical efficiency as,
TE= exp (-uj), where TE is technical efficiency. Similarly allocative and economic
efficiencies are analytically obtained. Note that once technical efficiency is estimated,
the values of uj can be obtained as u\ = - In (TE), In (TE) = - uj, and uj = - In (TE).
Similarly, allocative and economic inefficiency effects can be defined as, uft = -In (AE)
and uft - - In (EE), respectively, where AE is allocative efficiency and EE is economic
M

efficiency. uitA and uitE can be defined as; uft - 8^ + ]T S* zmii + a* for allocative
M

inefficiency effect and u„ = ^(f + X ^ z «" + ^

^or

econom c

i

inefficiency effect, and

uj is as defined before.
Table 7.7 presents the Tobit regression estimates of technical, allocative and economic
inefficiencies with selected farm-specific characteristics. Note that technical inefficiency

25

The Tobit regression is given as follows (Greene 2007): w* = 80 +Sm zmil + cojt, where

a> ~ JVTO,a2], where uu is uu =S0+Sm zmil + cou if utl>0 , where u*u is 0, // uit = 0
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effects are generated using both one-stage (along with the stochastic production frontier)
and two-stage (the Tobit regression).

Table 7.7 Tobit regression estimates of the effects of farm-specific characteristics on
technical, allocative and economic inefficiencies of Alberta's cow-calf operations (19952002)
Variable

Coefficient
Technical
Allocative
Technical
Economic
inefficiency a
inefficiency *
inefficiency
inefficiency
Constant
10.530***
2.221***
4.413***
5.654***
(4.931)
(6.313)
(6.055)
(5.878)
Herd size
-0.003***
-0.0003***
-0.0006***
-0.0009***
(-2.676)
(-3.533)
(-3.553)
(-3.680)
Government support
0.735***
0.153***
0.328***
0.442***
(3.166)
(5.129)
(5.604)
(5.402)
Conception rate
-3.313***
-0.506
-0.973***
-1.267***
(-3.462)
(-3.073)
(-3.009)
(-2.813)
Weaning rate
-2 951***
-0.507***
-1.494***
-1 419***
(-3.577)
(-3.342)
(-4.003)
(-3.422)
Calving rate
-5.370***
-1.083***
-1.814***
-2.680***
(-3.985)
(-3.672)
(-3.148)
(-3.322)
Aspen Parkland
0.382***
0.056**
0.054
0.123***
Region
(2.281)
(1.931)
(0.942)
(1.548)
Boreal Transition
0.508***
0.066***
0.087
0.169***
Region
(2.573)
(2.617)
(1.742)
(2.426)
Family labor share
-0.088***
-0.005
-0.001
-0.229
(-2.156)
(-0.646)
(-0.083)
(-0.921)
Bedding cost
-0.010***
-0.0008
-0.0007
-0.001
(-2.545)
(-1.270)
(-0.541)
(-0.778)
Trucking and
0.001
-0.0003
0.0003
0.002
marketing cost
(0.100)
(-0.333)
(0.187)
(0.748)
Sigma
0.182***
0.182***
0.352***
0.496***
(3.533)
(25.807)
(23.902)
(25.807)
Log likelihood
70.635
95.619
-143.854
-239.256
Note that, ***, **, and * represents 1%, 5% and 10% significance levels respectively.
a
technical inefficiency effects estimated from one-stage approach with the production
frontier and, technical inefficiency effects from the Tobit regression.
Figures in parentheses are t- ratios.
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Note that a negative coefficient indicates a negative technical, allocative or economic
inefficiency effects or a positive effect of technical, allocative, and economic efficiencies.
The significance and the influence of several explanatory variables show a consistent
pattern across the three production inefficiency measures. For example, government
support has significant positive association with the three production inefficiency
measures. On the other hand, biological efficiency variables and herd size have
significant negative influence on the three production inefficiency measures. Technical
and economic inefficiencies appear to be region specific. The following section provides
an in-depth discussion of the influence of each variable on production inefficiency.

Herd Size
Herd size is negatively and statistically significantly related to technical inefficiency
effects at one percent significance level. This may suggest that the larger the herd size,
the higher technical, allocative and economic efficiencies. This may further confirm that
the results presented in Figure 7.2, which shows positive relationship between the three
efficiency scores and size. The positive relationship between herd size and production
efficiencies may be expected due to the benefits from economies of size. As the sample
cow-calf farms operate at decreasing returns to scale, there may be potentials to increase
scale of operation in order to achieve economies of scale. This result may suggest a
possible strategy of increasing farm size to improve performance in the cow-calf sector.
Our result is consistent with previous technical efficiency studies.
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In particular, the relationship between farm/herd size and technical efficiency has
received considerable attention in the literature (see Table 3.2). The positive relationship
between efficiency and herd size has been shown in previous beef industry efficiency
studies (Featherstone et al. 1997; Iraizoz et al. 2005; Trestini 2006). However, the
Canadian examples related to dairy industry show mixed results regarding the
relationship between herd size and efficiency. For example, Clotier and Rowley (1990)
find that the influence of herd size on production efficiency varied, depending on how the
variables are used in the estimations. Weersink et al. (1990) and Bravo-Ureta and Rieger
(1991) found positive relationship between herd size and technical efficiency in the
Canadian and the U.S. dairy industries.

Some studies attempt to find the maximum efficient herd size (Weersink et al. 1990;
Richards and Jeffrey 2000). For example, Weersink et al. (1990) estimate the maximum
technically efficient herd size to be 102 head of dairy cows for Ontario dairy farms.
However, Karamagi (2002) suggests that herd size represents the quantity of cows, but
not the quality of animals. Therefore, there may be a potential to produce the same output
from a few number of cows having higher productivity. Consequently, a more definitive
relationship between herd size and technical inefficiency would be captured if a quality
of cow variable is explicitly included into the model26.

Government support
Government receipt is included as a dummy variable (1 if a farm received any
government support, 0 otherwise) in the inefficiency effect models. The coefficient of
26

In this study quality is adjusted for labor input only
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government support dummy is negative and statistically significant at one percent
significance level. This result implies that the production efficiency of cow-calf farms
that received government support is lower than those who did not receive any
government support.

The negative effects of the use of government support on production efficiency in the
absence of market failure have been well established in the production economics
literature (Pindyck and Rubinfeld 1992). That is, any intervention in the free market
ignoring price signals tends to create deadweight losses, leading to inefficient outcome.
Assuming a free market, therefore, government support in any form may result in a
decline in efficiency of resource allocation.

This result is consistent with Iraizoz et al.'s (2005) findings that higher subsidies per unit
of output may reduce the technical efficiency of Spanish beef farms. While this finding
seems to support the hypothesis that government payments reduce producer incentives to
generate the highest possible output/income from cow-calf operations, one needs to be
careful in causality assignment. For instance, if a situation such as BSE/weather affects
the estimates of production efficiency, then the positive relationship between government
support and production inefficiency might be explained by the adverse effects of
BSE/weather rather than inefficiency effects of subsidies. Similarly, when higher
government payments are linked to worse producer performance, the negative
relationship between the government support and efficiency could reflect a greater
reliance on government payments of less efficient producers.
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Region (Grass/Soil Type)
The coefficients of Aspen-Parkland and Boreal-Transition regions dummy variables are
positive and statistically significant at one percent level for the economic and technical
inefficiency effects models. However, the coefficient of regional dummy shows no
significant association with allocative inefficiency. This result may suggest that cow-calf
farms in Aspen-Parkland and Boreal-Transition regions are economically and technically
less efficient than Southern-Alberta region. Thus, the technical and economic efficiencies
of cow-calf farms tend to be location-specific (or grass or soil type specific). This could
be due to the variation in the cost-benefits across the sample regions, which suggest a
need for further research to make region-specific conclusions on production efficiency.
Short (1991) also shows that differences in the regional conditions have major influence
on variations in cow-calf production in the U.S. According to Short (1991), this
relationship is due to the fact that some U.S. regions with a longer grazing season have
cost advantages over other regions.

In the case of technical efficiency, geographic location is an important farm characteristic
that can be used to account for any site-specific factors (e.g., soil fertility, differences in
weather, management practices, etc.), not included in the production function, but that
may affect the level of output. In previous study, Weersink et al. (1990) suggest that
certain Ontario dairy production regions have a lower technical efficiency due to
unfavorable conditions for dairy farming (.i.e., alternative farm enterprises are available
instead of dairy farming, natural resources are more conducive to crop farming, etc).
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Conception, Calving and Weaning Rates
The biological efficiency variables (i.e., conception, weaning and calving rates) are all
negative and statistically significant at one percent significance level. This may imply
that the higher the degree of biological efficiency the lower the degree of economic,
allocative and technical inefficiencies. Mathis and Sawyer (2000) suggest that
reproductive performance is the most influential factor in determining the production
efficiency of the cow-calf operation. In this sense, conception, calving and weaning rates
appear to be important production performance indicators of cow-calf farms.
Furthermore, these biological efficiency measures appear to be a function of the feeding
and breeding programs of the cow-calf farms. Therefore, the degree of biological
efficiency may directly be linked to the managerial capabilities of the cow-calf farms.

Family Labor share
The share of family labor shows a statistically significant negative relationship with
technical inefficiency at the one percent significance level. This may suggest that higher
the proportion of family labor, the higher is the technical efficiency of the sample cowcalf farms. However, the coefficient of the share of family labor is statistically
insignificant in the economic and allocative inefficiency effect models. It can be
reasonably argued that the impact of the share of family labor in cow-calf farming is
higher for the producers who tend to work full-time in their farms with negligible offfarm incomes. Full time farmers may have incentives to put more efforts on their own
farm than a hired laborer does. This may suggest that the prospective full-time cow-calf
producers in this sample are likely to achieve a higher level of technical efficiency even
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though the share of family labor may not have an impact on either allocative or economic
efficiencies.

In a previous study, Iraizoz et al. (2005) also found a negative relationship between the
factors of production not owned by the producers and technical efficiency. For example,
Iraizoz et al. (2005) found that when producers use more rented land and more hired
labor, the technical efficiency tends to decline. A possible explanation for this
relationship could be that hired laborers are likely to lack the incentive to exert more
effort to achieve the best possible output. Also, cow-calf producers operating on rented
lands may be less conscientious in looking after their cow herd properly and may obtain
poor output. This could also be coupled with less investment on production when
operating on rented land.

Bedding Costs
Bedding costs have a statistically significant negative effect on technical inefficiency at
one percent significance level. However, the coefficient of bedding costs is statistically
insignificant in the allocative and economic inefficiency effect models. Bedding costs
may either reflect larger quantity of bedding materials or high-quality bedding materials,
or both. In any case, the results may suggest that bedding materials tend to enhance
technical efficiency of the sample cow-calf farms. Bedding materials may have indirect
influence on the improvement of efficiency of sample cow-calf farms through better
management practices.
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Trucking and Marketing Costs
Trucking and marketing costs show a statistically insignificant positive relationship with
the three production inefficiency measures. This implies that trucking and marketing
costs have no impact on production efficiency of the sample cow-calf farms. This could
be due to the presence of regular marketing contracts and channels with buyers
irrespective of the efficient operation or the scale of operation of the cow-calf farm.

7.8 Summary
The purpose of this chapter is to empirically estimate production efficiency of a sample
of cow-calf farms in Alberta, and to explore the sources of production inefficiency. The
results from the stochastic frontier model indicate that there are significant technical
inefficiency (i.e., 17 percent), economic inefficiency (i.e., 33 percent) and allocative
inefficiency (i.e., 22 percent) among the sample farms. The range of estimated technical,
economic, and allocative efficiencies shows that cow-calf farms are not producing at their
full efficiency, suggesting a gap in their performance. The results may suggest that there
might be heterogeneity in management skills, production practices and facilities across
cow-calf farms.

The findings of the study also indicate that there are opportunities for improvement in the
production efficiency of cow-calf farms through better use of the existing resources and
technology. For example, the inefficiency effects model suggests that factors such as
herd size, biological efficiencies, and bedding costs have significant positive effects on
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production inefficiency. The inefficiency effect variables may bear policy implications in
order to enhance the production efficiency of the Alberta cow-calf farms.

Chapter 8
SUMMARY AND CONCLUSIONS
8.1 Introduction
Enhancing production efficiency is one of the ways to improve the competitiveness of
individual producers and of an industry. Recently, the Canadian beef industry is facing
few challenges in the domestic and world markets. Hence, competitiveness in production
is becoming an important aspect to deal with due to increasing pressure on the beef
industry: increasing demand for food safety, competition in the protein industry, bioeconomy and feed costs, and exchange rates. This study is motivated by two basic
economic concerns. First, enhancing the production efficiency of farms is one of the
important steps to increase competitiveness of the Canadian beef industry. Second, the
economic performance of the Canadian beef industry in terms of production efficiencies
is not well documented.

This study aims to measure the production efficiency of cow-calf farms, and to examine
factors underlying variation in production efficiency using repeated (pooled) cross
sectional samples of Alberta cow-calf farms over the period 1995-2002. Efficiency gain
in production allows producers to obtain a maximum output from a given set of inputs
and technology or to obtain the same level of output with less cost. Microeconomic
theory suggests that production efficiency can be measured in three ways: as technical,
allocative and economic efficiencies. By definition, technical efficiency is a comparison
between observed and optimal values of the producer's outputs and inputs. Allocative
efficiency involves selecting a mix of inputs that produces a given quantity of output at a
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minimum cost. The product of technical and allocative efficiencies provides economic
efficiency.

A stochastic Cobb-Douglas production frontier with truncated-normal distribution is
estimated to measure technical efficiency, and dual cost function is analytically derived
to measure allocative and economic efficiencies. A production/cost frontier is defined as
the locus of best performing producers within a sample. The relative distance measured
between the best performer and others is interpreted as inefficiency.

The empirical results reveal substantial technical (i.e., 17 percent), allocative (i.e., 22
percent) and economic (i.e., 33 percent) inefficiencies among the sample cow-calf farms.
This may suggest that the cow-calf farms could save cost by using the existing resources
and technology efficiently, other things being constant. Improvement in production
efficiency may allow farms to produce the same level of output in a cost-effective
manner. Improvement in efficiency may, in turn, enhance the competitiveness of
individual cow-calf farms, in particular, and the Canadian beef industry, in general, on
the world market.

This study contributes to the literature by addressing important methodological and
empirical issues related to production efficiency analysis. First, a special focus is given to
the test of functional form for the stochastic frontier and the choice of distributional form
for the inefficiency effects. Second, the study applies the concept of neoclassical duality
using stochastic production and cost frontiers to farm-level pooled cross-sectional data.
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Third, this study is likely to be the first attempt to analyze the production efficiency of
the Canadian beef industry in terms of economic, allocative and technical efficiencies by
identifying the sources of the measured production inefficiency. Fourth, the labor input
in the stochastic production frontier is adjusted for quality. However results indicate that
there are no significant differences in the predicted technical efficiency score between
quality adjusted labor model (Table 7.4)and quality unadjusted labor model (Table A.l in
the appendix).

8.2 Summary of Empirical Results
This study is geared towards answering two important research questions. The first
question is: How well individual Alberta cow-calf farms are performing relative to their
peers?; and How big is the gap in performance among the sample farms? The second
question addressed is: What are the potential sources of performance gaps among the
sample cow-calf farms?

To answer these questions, a stochastic production frontier is estimated. The estimated
production frontier is monotonic and concave, satisfying the properties of a production
function. The estimated production frontier is used to assess the input elasticities and
returns to scale in production. Results indicate that sample cow-calf farms exhibit
decreasing returns to scale. All input elasticities are positive and less than one suggesting
that sample cow-calf farms operate at the second-stage of the production function, where
marginal products are falling.
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The estimated mean technical efficiency is approximately 83 percent, whereas the mean
allocative and economic efficiencies are approximately 78 and 67 percents, respectively.
Nearly 73 percent and 54 percent of the sample cow-calf farms achieved technical and
allocative efficiencies of above 80 percent. On average, 13 percent of the cow-calf farms
achieved economic efficiency of above 90 percent while seven percent achieved
economic efficiency of below 30 percent. The sample cow-calf farms are more
homogeneous in terms of technical efficiency and relatively heterogeneous in terms of
allocative and economic efficiencies. The major source of economic inefficiency and
heterogeneity among farms tend to be allocative inefficiency.

In order for the cow-calf industry as a whole and for individual farms to continue to be
competitive on the domestic and the world marketplaces, it is necessary to understand
what the sources of inefficiencies are, so that appropriate interventions can be made.
Therefore, the analysis extends to examine the factors affecting production efficiency
(e.g., herd size, biological efficiency, location, government support, bedding costs, and
marketing and trucking costs) of the sample cow-calf farms.

Among others, herd size is found to have a statistically significant positive influence on
production efficiency of cow-calf farms. The positive relationship between herd size and
production efficiency appears to be consistent with previous beef sector efficiency
literature (e.g., Featherstone et al. 1997, Iraizoz et al. 2005 and Trestini 2006).
Government receipts are found to have significant negative influence on production
efficiency of cow-calf production. This is consistent with the theoretical notion that
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government intervention in the markets in the absence of market failure leads to
inefficiency. Assuming free market conditions, i.e., no price distortions prevail in the
beef industry, therefore government intervention may lead to significant inefficient
resource allocation. However, to reveal a clear direction of causality between production
efficiency and government intervention in the cow-calf industry there is a

need for

further study.

The biological variables (i.e., conception, weaning and calving rates) have significant
positive influence on production efficiencies of the sample cow-calf farms. These
biological traits could be directly linked with the type of breed that could further be
improved through better feeding and breeding programs. Consequently, biological
efficiency may largely be a function of management efficiency, which can be developed
through better decision making in selection of breeds, feed and other related farm
facilities.

The production efficiency of the sample cow-calf farms appears to be location-specific.
Cow-calf farms that are located in Southern Alberta region are more efficient as
compared to those in Aspen-Parkland and Boreal-Transition regions. Hence, other things
being equal, Southern-Alberta region may provide a better location for further expansion
of cow-calf farms relative to the other two regions. However, a fundamental question that
may need further study is why do farms in different location with different degree of
efficiency do co-exist?
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The share of family labor in cow-calf production has a significant positive influence on
technical efficiency. Higher proportion of family labor use in cow-calf farms may be
associated with less off-farm income for producers. Hence, producers may exert more
effort to achieve a higher output from the farm anticipating a higher income. This also
bears the notion that full-time cow-calf producers tend to fully utilize the most up-to-date
technology relative to the other cow-calf producers who are using more of hired labor.

Costs of bedding have significant positive influence on technical efficiency suggesting
that improvement in cow-calf management facilities tend to reduce technical inefficiency.
However, it has no influence on economic and allocative efficiencies. Finally, trucking
and marketing costs do not have significant influence on production efficiency of cowcalf farms. This could be due to existence of better marketing contracts between buyers
and sample cow-calf farms.

8.3 Policy Implications
The estimation of production efficiency of the sample cow-calf farms in Alberta provides
a number of policy implications. Other things being equal, given the average levels of
technical, allocative and economic efficiencies found in this study, substantial gains in
output and/or cost savings could be achieved in a cost-effective way under the existing
technology. Overall, the majority of the sample of cow-calf farms performs reasonably
well relative to the best-performers in the sample. However, there is still a potential for
improvement in the overall performance of the sample cow-calf farms. Another important
implication emerging from this study is that improvement in allocative efficiency may
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offer a higher potential as compared to improvement in technical efficiency. Therefore,
utilization of inputs in optimal proportions may provide a promising strategy to achieve
economic efficiency in cow-calf production without resorting to new technologies.

From policy perspective, encouraging farms to increase in herd size in the cow-calf
industry may have a beneficial impact on technical, allocative and economic efficiencies.
However, this may not be the only driving force behind the production efficiencies in
individual cow-calf farms. This is because a number of small-scale cow calf producers in
the sample have exhibited higher levels of production efficiency than large-scale
producers. Hence, the optimal size may vary according to the availability of resources in
each cow-calf farm. To provide a better explanation regarding the size-efficiency
relationship and why small and large farms do co-exist, an in-depth study is warranted.

Government support is negatively associated with the production efficiency of sample
farms. However, there is no evidence regarding the direction of causality. This may call
for a need for further study. In terms of location, on average, low cow-calf performers
are located in Aspen-Parkland and Boreal-Transition regions. Therefore, inefficiency is
location-specific and this could be due to many regional factors that may influence cowcalf production including soil/grass type. Based on the results in this study, encouraging
cow-calf expansion in Southern-Alberta region may lead to gain in efficiency. Again,
further in-depth research is needed to explore how far the location of cow-calf farm has
served to narrow or widen the production efficiency gap across regions.
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The biological variables such as weaning, calving and conception rates have positive
effects on cow-calf production efficiency. It appears that encouraging farmers to improve
the biological efficiency of their herds may allow them to gain from improvement in
technical, allocative and economic efficiencies. The cow-calf producers who tend to use
more of family labor obtain a higher technical efficiency. The use of more motivated
family labor might be one of the strategies to enhance the competitiveness of production
and thereby the incomes of potentially full-time cow-calf producers. Thus, providing the
right incentive for farm labor may enhance the efficiency of cow-calf farms and their
farm income. Finally, encouraging farmers to use of better bedding material may enhance
the performance and hence income of cow-calf farms.

8.4 Limitations and Suggestions for Further Research
There are several ways to extend the current study. Future studies may focus on different
efficiency estimation approaches such as distance functions (e.g., Kumbhakar and Lovell
2000), and data envelopment analysis (e.g., Coelli et al. 2005). Efficiency analysis of
cow-calf farms in other Canadian provinces and the U.S using representative samples and
including panel data may provide important implications on the relative competitiveness
of cow-calf farms across regions and countries. Among others, the use of panel data
allows to explore the impact of dynamic investment adjustment costs on production
efficiency. Panel data may also allow for the analysis of the influence of unobserved
heterogeneity in technology among cow-calf farms on production efficiency. From
methodological perspective, adjusting for the quality of inputs may provide a better
prediction of production efficiency.
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As in many quantitative studies, there are limitations in terms of the quantity and quality
of data. This study is no exception. The data used in this study are not collected
specifically for this exercise. Obviously technical inefficiency can be caused by factors
such as the use of an obsolete production technique, or an inappropriate operation of a
modern production technology (for instance, due to the lack of technical knowledge or
poor organization of production tasks). Therefore, one would expect efficiency be related
to variables such as education and technical skills of the producer, and possibly age (e.g.,
Weersink et al. 1990; Coelli and Battese 1996). Unfortunately, there is a lack of
information on these variables in the sample data. In addition, there are no variables
regarding the financial situations of the sample cow-calf producers that may enable one
to investigate the impact of capital constraints on production efficiency.

Furthermore, estimating a cost frontier does not require an assumption that producers
maximize expected profit (Zellner et al. 1966), typically made to justify input exogeneity
in a single-equation production frontier framework.

Also, a cost frontier allows for

modelling of multiple outputs. However, the absence of input price variations among the
sample farms prevented us from the estimation of a stochastic cost frontier.

The BSE crisis that has occurred in 2003 may have affected the overall performance of
the Canadian beef industry. However, the information used in this study does not include
data beyond 2002. Future study may consider measuring production efficiency using pre
and post BSE data.
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Appendix I
Table Al. Frontier results for labor unadjusted production frontier with truncated normal
distribution
Coefficient
t ratio
Variable
Production Frontier
5 799***
Constant
18.194
Capital
-0.214**
-1.826
Labor
0.652***
2.345
Pasture
0.155***
3.825
Winter feed
0.067***
3.320
Utilities
0.079***
3.612
Veterinary and medicine
0.001
0.099
Year Dummies
- D 1995
-0.074
-1.359
- D 1996
-0.001
-0.022
- D 1997
0.145***
2.573
- D 1998
0.035
0.734
- D 1999
0.220***
6.098
- D 2000
0.150***
4.137
- D 2001
0.043
1.194
Inefficiency Model
Constant
Subsidy
Conception rate
Weaning rate
Calving rate
Aspen Parkland
Boreal Transition
Herd size

9.434***
0.833***
-0.031***
-0.028***
-0.047***
0.344**
0.440***
-0.003***

5.877
3.497
-3.668
-9.018
-3.328
1.992
2.538
3.806

Variance parameters
a2
y

0.267
0.948***

0.380
58.245

Mean Technical efficiency
Log likelihood

83.2
66.853

Note that, ***, **, and * represents. 1%, 5% and 10% significance levels respectively.

Table A2. Frontier results for labor unadjusted production frontier with truncated normal
distribution and dependant variable as the total value of production per cow
Variable
Production Frontier
Constant
Capital
Labor
Pasture
Winter feed
Utilities
Veterinary and medicine
Year Dummies
- D 1995
- D 1996
- D 1997
- D1998
- D1999
- D 2000
- D2001
Inefficiency Model
Constant
Subsidy
Conception rate
Weaning rate
Calving rate
Aspen Parkland
Boreal Transition
Herd size
Investment per cow

Coefficient

t- ratio

2.484***
-0.065
0.181*
0.086***
0.047***
0.018**
0.001

12.879
-0.897
1.057
4.505
4.820
1.691
0.509

0.004
0.125***
0.179***
0.085***
0.137***
0.013***
0.001

0.179
5.505
6.315
3.466
7.401
7.063
0.718

15.941***
0.364***
-0.026***
0.002
-0.149
0.607
0.556
-0.002
-0.001

9.696
3.099
-3.722
1.364
-8.664
4.043
3.463
-14.720
-6.733

Variance parameters
c2
0.233***
0.990***
y
Log Likelihood
271.344
Mean Technical Efficiency
89.49
Note that, ***, **, and * represent s l % , 5% and 10%

6.733
383.145
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Table A3. Frontier results for labor adjusted production frontier with truncated normal
distribution and dependant variable as the total value of production per cow
Variable
Coefficient
t- ratio
Production Frontier
Constant
2.262***
31.940
0.016*
1.402
Capital
Labor
0.002
0.215
Pasture
0.092***
4.539
Winter feed
0.048***
5.076
Utilities
0.018**
1.654
Veterinary and medicine
0.001
0.717
Year Dummies
- D 1995
0.001
0.039
- D 1996
0.113***
5.300
- D1997
0.173***
6.661
- D1998
0.078***
3.328
- D 1999
0.131***
7.590
- D 2000
0.126***
7.047
- D2001
0.013
0.657
Inefficiency Model
Constant
Subsidy
Conception rate
Weaning rate
Calving rate
Aspen Parkland
Boreal Transition
Herd size
Investment per cow
Share of family labor
Quantity of bedding
Trucking and marketing charges

18.878***
0.492***
-0.026***
-0.004***
-0.180***
0.881***
0.857***
-0.002***
-0.0004***
-0.168***
-0.001***
0.000***

18.069
4.111
-3.802
-2.166
-15.487
7.350
8.248
-14.430
-12.042
-13.046
-5.876
3.539

Variance parameters
a2
0.312***
10.901
0.993***
532.170
7
Log Likelihood
276.096
Mean Technical Efficiency
89.146
Note that, ***, **, and * represents 1%, 5% and 10% significance levels respectively.

Table A.4 Results of the paired-sample t-test evaluating the differences in mean technical
efficiency among disfributiona|assumptions
Distribution Pair
_ _M?3n^^B^^jy°).
t-ratio
-4.463***
-31.831
Truncated-normal and Gamma
-4.426
-0.470***
Truncated-normal and Exponential
Truncated-normal and Half-normal
2.162***
24.591
55.962
Gamma and Exponential
3.993***
39.721
Gamma and Half-normal
6.626***
2.633***
22.821
Exponential and Half-Normal
Note that, ***, **, and * represents 1%, 5% and 10% significance levels respectively.

Table A.5 The maximum likelihood estimates of the Cobb-Douglas stochastic production
frontier for Alberta cow-calf operations with gamma distribution (1995-2002)
Variable
Frontier model
Constant
Capital
Labor
Pasture
Winter feed
Utilities
Veterinary and medicine
Year Dummies
- D 1995
- D 1996
- D 1997
- D 1998
- D 1999
- D 2000
- D2001
Variance parameters
^

°l
Theta
P

* = *. 2 M 2
Y

= {allal+a2v)

_
Gamma distribution for uu
Coefficient
t- ratio
5.176***
0.0376**
0.0468**
0.1710***
0.0616***
0.0621***
0.0028

43.37
1.982
1.933
5.144
3.045
2.461
0.498

-0.1519***
-0.0520
0.0941*
-0.0047
0.1980***
0.1489***
0.0359

-3.296
-1.210
1.738
-0.107
4.437
3.389
0.776

0.017***

11.93

0.037
3.839***
0.556***
2.121

7.609
4.486

0.679

Log likelihood
47.967
Note that, ***, **, and * represents 1%, 5% and 10% significance levels respectively.
LIMDEP created convergence problem for one-stage estimation of the Cobb-Douglas
production frontier with inefficiency effects.
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