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The beef cattle production system in Botswana is dualistic in structure in that it includes both traditional and
commercial production systems,which are distinct from one another in terms of objectives, land tenure, technol-
ogy, and management practices. The purpose of this paper is to measure the key performance indicators of beef
cattle production systems in Botswana and explore the drivers of change in those indicators. We examine differ-
ences in productivity and production technologies between the two beef production systems. The results show
that traditional farms are technically inefficient and that their technology lags behind that of commercial
farms. The use of improved breeds, off-take rates and selling to the Botswana Meat Commission (which control
the only exporting abattoirs in Botswana) were found to improve technical efficiency in the commercial produc-
tion system, but only off-take rates had a positive effect on efficiency in the traditional production system. Both
farming systems have the potential to overcome technology constraints and achieve the highest attainable pro-
ductivity level through improvements in; beef cattle technologies, farmer capacity in production and marketing,
and the effectiveness of the technology transfer process.
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1. Introduction

Beef cattle production plays a significant role in the economy of Bo-
tswana; it contributes 57% to agricultural GDP and remains the main
source of food, income, employment and investment opportunities for
the rural population (van Engelen et al., 2013). Despite its importance
to the economy and rural livelihoods, the beef sector is currently facing
serious challenges; both cattle sales for slaughter and beef exports have
declined significantly since the 1990s leading to commentators having
doubts about the sustainability of the industry (Bahta and Malope,
2014; van Engelen et al., 2013; Jefferis, 2005). Generally, this has been
attributed to low productivity caused by low efficiency and the small
scale of farms, and slow adoption of improved breeding and feeding
technologies. This is worsened by the semi-arid production environ-
ment in Botswana (i.e., poor soils, low and unreliable rainfall and high
temperatures) and frequent outbreaks of diseases such as foot and
mouth (FMD).

The purpose of this study is to measure and compare production
technologies and productivity of traditional and commercial beef pro-
duction systems in Botswana and to explore some of their performance
drivers. The two production systems are distinct from one another in
terms of objectives, land tenure, technology andmanagement practices.
They face varying constraints; have different resource endowments and
), rvillan2@une.edu.au
a variety of opportunities for growth. Observed differences in productiv-
ity and efficiency may be influenced by differences in technology, herd
sizes and biological factors (e.g., birth rates, breeds), environmental fac-
tors (e.g., climate, vegetation and soils) and economic factors (e.g., ac-
cess to markets and infrastructure). Therefore, it is imperative to
investigate how these factors affect each production system and their
productivity. Improving productivity among these systems may help
to overcome, or to ameliorate, the constraints that the beef industry cur-
rently faces.

Our study contributes to previous studies which have attempted to
understand the performance of different beef production systems and
what drives them (e.g., Barnes et al., 2008; Behnke, 1985, 1987;
Mahabile et al., 2005; Malope and Batisani, 2008; Rennie et al., 1977;
Otieno et al., 2014). Due to unavailability of data on external inputs (bi-
ological and environmental factors) our study focusses only on econom-
ic aspects of the production systems and hence we have not explored
how stocking rate, forage allowance, production intake and forage
utilisation efficiency influence livestock productivity.We estimate tech-
nical efficiency (TE) which provides useful information on the compet-
itiveness of farms and their potential to improve productivity with
existing resources and levels of technology (Abdulai and Tietje, 2007).
Some of the previous studies which have measured the performance
of different livestock systems in Botswana have been carried out using
data from experimental ranches run for scientific purposes with uneco-
nomic levels of management and which are not subject to commercial
constraints (e.g., Rennie et al., 1977; Behnke, 1985). Hence, it was not
clear how the knowledge gained from the results of these studies
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could be applied on the ground. The few other studies that have
analysed farm (household) level data (e.g., Mahabile et al., 2002;
Barnes et al., 2008) have calculated partial measures of productivity
such as per head/hectare measures. It is well established that these
types of studies may lead to misleading policy implications because
they fail to explainwhat portion of output difference is due to inefficient
use of a given input and/or the existence of scale economies (Coelli et al.,
2005; Temoso et al., 2015a). Recent studies such as Bahta and Malope
(2014) and Temoso et al. (2015b) have also analysed the performance
of beef production in Botswana, however, they only focussed on the tra-
ditional beef production system.

This study aims to advance the understanding of productivity differ-
ences in beef production systems in Botswana using a stochastic pro-
duction frontier that can simultaneously model for factors that may be
associated with the inability of producers to reach their production po-
tential and thus is useful in identifying those aspects of the production
process or environment which farmers and/or policymakers might tar-
get in order to improve beef production. To make comparisons across
the two production systems a metafrontier approach is employed that
enables us to measure the extent of technology gaps between the two
production systems. This will help us answer the question of whether
it is indeed the case that traditional beef farms really lag behind their
commercial counterparts in terms of productive performance and pro-
duction technology; as previous literature has shown. A comparison of
the two production systems is of particular relevance to policy makers
in Botswana given the ongoing policy efforts that attempt to develop a
more dynamic agricultural sector; where both commercial and tradi-
tional farms play a role in agricultural development. The results allow
us to identify the differences in productive performance between the
two beef production systems in Botswana and the drivers of those dif-
ferences, and hence where policies to improve production technologies
could be focused.

Differentiation by farming system may give insights into the effects
of different land tenure systems upon resource use and productivity.
In 1975 the government of Botswana introduced a land tenure policy
(the Tribal Grazing Lands Policy, TGLP) which attempted to address
rangeland degradation by encouraging ranching and improving live-
stock productivity through the allocation of exclusive rights to groups
and individuals on newly designated commercial land (Ministry of
Agriculture, Botswana, MoA, 1991; Cullis and Watson, 2005). Policy
makers viewed this policy as a way to encourage modernisation
(commercialisation) of the livestock industry as well as encouraging
more widespread participation of farmers in the modernised industry.
This policywas followedby the fencing component of the 1991National
Agricultural Development Policy (NADP) (Ministry of Agriculture,
Botswana, MoA, 1991), which stated that ‘fencing the rangeland will in-
crease productivity’ (Cullis and Watson, 2005, p. 19). As has been the
case in other developing countries, the major argument put forward
to justify implementation of these policy instruments was that farms
held under exclusive and secure rights are more productive than
farms held under customary land tenure (Maxwell and Wiebe, 1999;
Place, 2009). However, the empirical evidence on the relationship be-
tween land tenure and agricultural productivity remains mixed (Place,
2009) and some researchers have argued that land tenure policy in Bo-
tswana has completely failed to attain its objectives (e.g., Maxwell and
Wiebe, 1999). We hope to contribute to this discussion.

The rest of the paper is organised as follows. Section 2 provides a de-
scription of thedifferences between traditional and commercial produc-
tion systems in Botswana. The empirical method and data variables are
discussed in Section 3. Results are reported and interpreted in Section 4.
Finally, conclusions and policy implications are drawn in Section 5.

2. Traditional versus commercial beef production systems in Botswana

The majority of the beef cattle (approximately 80% of the cattle
herd) in Botswana are found within the traditional, communal grazing
system. The communal livestock grazing system is largely undeveloped;
characterised by extensive grazing on tribal grazing areas with no de-
fined property rights and uncontrolled grazing (Bahta and Malope,
2014; van Engelen et al., 2013). Although communal traditional farmers
lack tenure security (which prevents them from using their assets as se-
curity to access finance for purchasing inputs) they have unrestricted
rights to resources such as water and grassland. In some areas small
groups of farmers have drilled their own boreholes and acquired an in-
dividual right to the use of that water (van Engelen et al., 2013; Rennie
et al., 1977).

In the past theMinistry of Agriculture has recommended maximum
stocking rates; however, these restrictions were never enforced by the
land authorities nor observed by farmers (Mahabile et al., 2002;
Malope and Batisani, 2008). The literature on land tenure and agricul-
ture in Africa (Migot-Adholla et al., 1991; Place, 2009) argues that lack
of individual grazing rights may encourage high stocking rates that re-
duce herd productivity and leads to low calving and high mortality
rates and discourages investment in improvements such as better
breeds. On average farmers within the traditional production system
can be characterised as smallholders with a few animals per household
operating in an environment within which infrastructure and market
organisation are usually poor. Livestock management within this sys-
tem is primitive and it is difficult to introducemodern livestock farming
practices such as the use of improved breeds and supplementary
feeding.

In contrast to the traditional system, the commercial beef production
systemhas exclusive grazing rightswith fenced pastures on private land
(i.e., both freehold and TGLP ranches) (Burgess, 2006; Malope and
Batisani, 2008). The individual tenure system which characterises
ranching systems, allows management to control for both livestock
management and grazing (Jahnke, 1982). The establishment of thema-
jority of livestock ranches in southern Africa can be traced back to the
20th century when they were created in order to improve upon tradi-
tional livestock production systems and to increase supply in order to
meet the increasing demands for meat in urban areas and for export,
as well as to reduce risk of pasture degradation (de Ridder and
Wagenaar, 1986). This system favours rotational grazing and rotation-
al-rest systems bywhich an area is grazed until there is very little forage
left before cattle are moved to a new paddock (Burgess, 2006).

Beef production under this system is solely for commercial purposes
and is highly specialised; employing modern animal husbandry prac-
tices and strategic feeding to produce high-value beef animals
(Statistics Botswana, 2008). Breeding control is a common practice;
breeding cows are kept apart from young, immature bulls and steers,
and heifers (Burgess, 2006; Rennie et al., 1977). Death rates and losses
are usually lower and offtake rates are higher than in the traditional pro-
duction system. The hiring of labour for herding and other livestock re-
lated work is normal practice in this system. Use of purchased inputs
such as vaccines, tick treatments, feed supplements, improved bulls or
artificial insemination is also commonly used. On average, commercial
farmers are relatively wealthier than traditional farmers are and this al-
lows them to have better access to finance and marketing (Burgess,
2006). Unlike traditional beef producers who sell under duress, com-
mercial beef producers raise their cattle in order to profit by their
sales (Bahta and Malope, 2014; Behnke, 1987; van Engelen et al.,
2013). However, it is important to note that livestock farmers in com-
munal areas may also produce for both household and market con-
sumption on a regular basis. Nevertheless, commercial farmers'
exhibit improved herd, pasture and husbandrymanagement and there-
fore are better equipped to increase productivity and take advantage of
the latest industry developments such as advanced breed genetics, fod-
der and disease response mechanisms.

Research in Botswana has shown that one of themajor limitations to
beef production and productivity is that themajority of farmers practice
traditional production management which is a constraint to productiv-
ity due to: low efficiency, low technological adoption, poor access to
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input and outputmarkets, and lack of land tenure security. For example,
Rennie et al. (1977) compared the productivity differences between
beef cattle managed in commercial ranches and the traditional system.
They found that there are deficiencies in reproductive performance and
mothering ability under the traditional production system. de Ridder
and Wagenaar (1984) compared the two systems on a per-hectare
basis. Their study found that ranchesweremore productive on a per an-
imal basis when measured in terms of calving rate, mortality and
weaning rates. However, the traditional systems were 95% more pro-
ductive than ranching in terms of live-weight production equivalents.
Similarly, Behnke (1985) found that productivity per cow under the
commercial production system was better than the traditional system.
The conclusions from these studies in the 1970s and 1980s are that: cat-
tle productivity tends to be related to herd size rather than land tenure;
production costs tend to decline with herd size - indicating the exis-
tence of economies of scale; and finally, large herds tend to be more
drought resilient than small herds.

Mahabile et al. (2005) attempted to identify factors driving produc-
tivity among commercial and traditional livestock farms in Southern Bo-
tswana. They found that secure land tenure was the most influential
factor in promoting investment and livestock productivity in Botswana.
Barnes et al. (2008) compared the performance of three livestock pro-
duction systems; small-scale livestock farms, cattle-post system and
TGLP ranches. They found that small-scale farmers were inherently effi-
cient and provided important household income. However, private
returns were largely attributable to subsidies and economic efficiency
was very low because of open access.

3. Material and methods

The focus of this paper is to compare the production technologies
andmeasure the productivity growth of both commercial and tradition-
al beef production systems in Botswana. To enable a comparison of pro-
ductivity to bemade between the two systems it is necessary to employ
a method that can accommodate the heterogeneity they encompass.
Hence, we use the concept of the meta-production function as an enve-
lope of neoclassical production functions (Battese et al., 2004; O'Donnell
et al., 2008). This assumes that commercial farmers, operating in an
environment of private land tenure, and traditional farmers on com-
munal land are operating under different production technologies,
which are represented in the form of group-specific frontiers. This
methodology enables estimation of technology gaps for producers
under different production technologies relative to the potential
technology available to the industry as a whole. It also enables the
decomposition of TE scores into group-specific efficiency and tech-
nology differences.

3.1. The stochastic frontier model

We define separate stochastic production frontiers (SPFs) for
commercial and traditional farming systems following a model pro-
posed by Aigner et al. (1977) and Meeusen and van den Broeck
(1977):

Yit ¼ f xit ;βð Þ exp vit−uitð Þ i ¼ 1;2…;N i ¼ 1;2…T ð1Þ

Where Yit represents the output (or its natural logarithm) of the i-th
firm in the t-th time period; xit is an (1×k) vector containing input
quantities (their natural logarithms) of the i-th firm in the t-th period,
β is a (k×1) vector of unknown parameters to be estimated. The vits
are assumed to be independent and identically distributed random er-
rors which have normal distributionwithmean zero and unknown var-
iance N(0,σv

2) (Aigner et al., 1977). vits are non-negative unobserved
random variables associated with technical inefficiency of production,
such that, for the given technology and levels of inputs, the observed
output falls short of its potential output. Following Battese and Coelli
(1995), uit is obtained by truncation (at zero) of normal distribution
with mean zitδ, and variance, σ2; zit is a (1×m) vector of explanatory
variables associated with technical inefficiency of production of firms
over time; and δ is an (m×1) vector of unknown coefficients.

Eq. (1) specifies the stochastic frontier production function in terms
of the original production values. However, the uits, are assumed to be a
function of a set of explanatory variables, zits and an unknown vector of
coefficients δ. Following Battese and Coelli (1995) we define the techni-
cal inefficiency effect, uit in Eq. (1) as follows:

uit ¼ zitδþwit ð2Þ

where wit is a random variable that is defined by the truncation of the
normal distribution with zero mean and variance, σ2, such that the
point of truncation is −zitδ i.e.,witN−zitδ. The technical inefficiency ef-
fects aremodelled in terms of various explanatory variables that include
farmer and management characteristics and period of observation. The
method of maximum likelihood is used for simultaneous estimation of
the parameters of the stochastic frontier and themodel for technical in-
efficiency effects.

The TE of the each firm is estimated by comparing output of the i-th
firm at the t-th period and is defined as follows:

TEit ¼ exp −Uitð Þ ¼ exp −zitδ−Witð Þ ð3Þ

The quantities obtained in Eq. (3) represent the performance of
firms relative to individual production technologies. After estimat-
ing the production function in Eq. (3) for each group separately, it
is necessary to verify if the two groups share the same production
technology. This can be achieved using a likelihood ratio test (LR)
which compares the values of the log-likelihood functions of the
pooled data for all groups (the null hypothesis) to the alternative
hypothesis that individual production frontiers should be used. If
the null hypothesis that the production frontier for the pooled
data is rejected in favour of individual frontiers, then the data
should not be pooled and the metafrontier model should be used
to estimate and compare the TE of the two beef production systems
(Battese et al., 2004).

3.2. The metafrontier model

FollowingO'Donnell et al. (2008) a deterministicmetafrontier can be
represented as:

Y�
it ¼ f xitβ

k
� �

ð4Þ

Where, Yit⁎ denotes MF output and βk represent the vector of param-
eters for the MF production model, respectively, provided the following
condition is satisfied:

x0itβ≥x0itβ
k for all k ¼ 1;2…K: ð5Þ

Thus the constraints provided by Eq. (5) imply that an individual k-
th production frontier (group frontier) will not be any greater than the
metafrontier (also see Appendix 1).

The approach proposed by O'Donnell et al. (2008) envelops the
estimated group frontiers by solving an optimisation problem as
follows:

min
β

XL

i¼1

XT

i¼1

ln f xit ;βð Þ− ln f xit ; β̂
k� �h i

s:t: ln f xit ;βð Þ≥ ln f xit ; β̂
k� �

for all i and t;

ð6Þ
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where β̂
k
is the estimated coefficient vector associated with the

group-k stochastic frontier. The assumption of log-linearity, as is
used in this study, simplifies to a linear programming problem:

min
β

x 0
β s:t x0itβ≥x0itβ̂

k
for all i and t; ð7Þ

where x is the arithmetic average of the xit - vectors over all firms in
all periods (O'Donnell et al., 2008).

The LP problem defined by Eq. (7) is estimatedwith SHAZAM econo-
metric software. The software also produces estimates of meta-technol-
ogy gap ratios and technical efficiencies with respect to metafrontier
using the following decomposition of Eq. (2):

Yit ¼ exp −uk
it

� �
�

f x0it ;β
k

� �

f x0it;β
� � � f x0it ;β

� �þ exp vkit
� �

ð8Þ

On the right hand side of Eq. (8), the first term is the TE relative to
the group stochastic production frontier. In relation to the problem
being investigated, the second term can be defined as an indicator of
the technology gap for the group relative to the available technology
in the whole industry; which is defined by the metafrontier function
(Battese et al., 2004; O'Donnell et al., 2008). An increase of an MTR im-
plies a decrease in the productivity gap that could be attributed to the
differences as outlined in section 6.2. The mathematical expression for
TE of each beef production system relative to theMF (thewhole beef in-
dustry) can be expressed as the product of each firm in each time period
MTR (it) against each firm TE for each production system (k):

TE�it ¼ TEkit �MTRk
it ð9Þ

3.3. Data and empirical model

To estimate this modelwe use district level data from the annual ag-
ricultural surveys covering six agro-ecological zones in Botswana
(Statistics Botswana, various years). Statistics Botswana collects general
information for the various production systems for each year through a
stratified sampling framework. Explicit stratification is undertaken such
that all agricultural districts (26 traditional agricultural districts and 17
commercial agricultural districts) become their own strata (Statistics
Botswana, 2008).1 According to Statistics Botswana (2008), the stratifi-
cation along ecological zones is expected to increase precision and im-
prove the accuracy of survey data with the view that homogeneity of
the variables is relatively high. Differences between agroecosystems
can have an effect on the efficiency and productivity levels of farms lo-
cated in different regions to a different degree (O'Donnell et al., 2008;
Temoso et al., 2015b). Vegetation in Botswana is closely related to the
climatic conditions prevailing in a given region, this range from the
low shrub savannah in the southwest to the woodland savannah in
the northeast (Burgess, 2006). The Western region is generally
characterised by lower and erratic rainfall, and the Kalahari sandveld
vegetation with lower phosphorus content in herbage (Burgess,
2006). In contrast, the regions in the eastern part of the country (Cen-
tral, Francistown, Gaborone and Southern) generally have higher rain-
fall and more vegetation with higher nutritive value.

Traditional farmers have mixed size herds (mainly practiced within
the communal land tenure system) and commercial farms (carried out
in freehold, leasehold and TGLP land tenure systems) are generally
characterised by large herd sizes. Therefore, based on Statistics Botswa-
na definitions, it is possible to isolate the productivity of beef farms ac-
cording to different production systems (and land tenure system).
1 In this study, we only use 9 years since Statistics Botswana did not collect data on
farms in 2005. Also for commercial farms, instead of 17 districts we only used 15 districts
since some districts had missing information on inputs and outputs for most of the years.
3.3.1. Production function model variables
The following are the variables that enter the beef production func-

tion model:
Output: The value of the cattle sold and home slaughtered for each

year in each agricultural district (Irz and Thirtle, 2004; Thirtle et al.,
2003). These values are deflated to base year (2004) prices using the
Rural CPI published by Statistics Botswana.

Herd size: Average annual beef cattle herd size kept in a year, adjust-
ed with relevant conversion factors (Bahta andMalope, 2014; Otieno et
al., 2014). The variable is usually used as a proxy for the stock of capital
in livestock production studies (Iraizoz et al., 2005). To account for dif-
ferent sizes of the animals we have disaggregated herd composition ac-
cording to size and purpose; bulls as male breeders, cows and heifers as
female breeders, oxen for draught power etc.

Labour: Labour costs are comprised of both family and hired labour.
The hired labour costs are calculated using the number of full-time
equivalents of hired labourers (i.e., herdsmen and general workers)
per district. For family labour input, we used adult equivalents (people
over 12 years old) per cattle household to represent family labour.
Both labour components are then valued using data onminimum annu-
al wages in a particular district (Iraizoz et al., 2005; Otieno et al., 2014).
These costs are deflated to 2004 prices using the Rural CPI published by
Statistics Botswana.

Other costs: The values of other costs in livestock production were
deflated to base year (2004) prices using the Rural CPI published by Sta-
tistics Botswana. Note, however, that the costs of variable inputs such as
medicines and water are not available.

Regional dummy variables: These are included in the frontier model
to capture environmental constraints (due to differences in soils and
grass types) on production and which we hypothesise may cause the
frontier to shift by location. The geographical distribution of cattle pro-
duction ranges from the more arid areas receiving less than 400 mm of
rainfall per annum (Western region) (and where cropping is rarely
practised) to semi-arid areas with annual rainfall between 400 and
650 mm per annum in the eastern parts of the country (and where
crops are grown).

Time: A linear time trend is used to capture technological change
(TC).

3.3.2. Inefficiency effects model variables
The following are the variables that enter the inefficiency effects

model, which explains some of the drivers of productivity.
Herd size: herd size is measured as the average number of livestock

units per farm in a given agricultural district. It has been acknowledged
in the previous literature that the way farmers in Botswana manage
their cattle almost entirely depends on herd size (Bahta and Malope,
2014; Mahabile et al., 2005). Herd size is an important determinant of
livestock performance due to the associated economies of scale.

Breeding: the ratio of total number of exotic breeds to total number
of livestock during the survey year (Statistics Botswana). This may indi-
cate the breed preference of farmers and or adoption rates of advanced
livestock breeds. Beef cattle breeds in Botswana can be typically
grouped into three groups: indigenous; exotic (advanced) and cross
breeds.

Biological factors (birth, mortality and off-take rates): these parame-
ters give an indication of population dynamics and productivity. They
reflect the degree of managerial effort exerted in improving productive
efficiency. According to Otte and Chilonda (2002) the basic production
parameters of fertility and mortality rates inform management deci-
sions on the trade-off between sale, consumption and investment in
herd growth. Thus, they provide insight into herd/flock management
levels and associated costs and returns (Nyangayezi, 1999). These pa-
rameters will also reflect the production environment in a particular
season and geographical location. For example, during the 1981 to
1987 period, the drought in Botswana caused a decrease in birth rates
and increase in mortality rates (CAR, 2005).



Table 1
Descriptive statistics for beef production systems in Botswana, 2004 to 2013.

Variables
Traditional production Commercial production

Average values SD Average values SD

Beef output (000's BWP) 5614.61 4110.34 3455.76 6526.18
Labour (000's BWP) 3986.29 2805.95 74.54 90.48
No. of cows (000's LU) 50.86 35.26 11.38 14.68
Other costs (BWP) 19.24 13.74 2324.83 7729.41
Herd size (LU/farm) 19.84 11.18 305.31 480.34
Offtake rate rates (%) 7.55 3.38 13.09 14.57
Birth rates (%) 55.33 9.59 38.51 17.76
Death rates (%) 9.75 8.73 4.39 2.39
Export market access (%) 35.11 23.45 50.84 28.96
Local breed (%) 55.03 19.63 8.08 11.95
Exotic breed (% 4.44 7.07 34.83 23.18
Crossbreed (%) 40.53 19.73 57.08 25.91
Land tenure dummy 0.4 0.49
No. of observations 234 135

Notes: these are the average values for the whole study period, 2004 to 2013. SD is the
standard deviations.
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Off-take rates: this refers to the ratio of livestock sold to total number
purchased and home slaughtered (Statistics Botswana, 2008). Low
off-take rates have been attributed to poor management, lack of
marketing facilities, limited investment opportunities and the need
to build large herds for draught power purposes (Nyangayezi, 1999).

Mortality (death) rates: the ratio of total number of deaths to total
number of livestock during the survey year (Statistics Botswana,
2008). Lower mortality rates might reflect the use of better technol-
ogies and/ormanagement. The numbers of breeding animals are de-
pendent upon reduced mortality rates which are related to disease
impacts, nutritional deficiencies and inadequate management
(Alexandre and Mandonnet, 2005). Increasing reproductive perfor-
mance reduces mortality rate, accelerates growth rate and improves
carcass merit (Alexandre and Mandonnet, 2005). The expectation is
that beef farms with lower mortality rates are using better technol-
ogies and managing their livestock farms well and hence they are
more likely to attain higher efficiency.

Calving (birth) rates: the ratio of total number of births to total num-
ber of livestock during the survey year (Statistics Botswana, 2008).
This is one of the most important parameters in determining the
technical and financial performance of the beef production system
(van Engelen et al., 2013).Without a calf there is noweaner and thus
no beef, but the cow still has to be fed and cared for and is at risk of
disease and death (van Engelen et al., 2013).

Market: cattle are usually slaughtered for home consumption or sold
to the BotswanaMeat Commission (BMC) for exports. The growing local
market is served by municipal abattoirs, middleman and local butcher-
ies. In recent years (as compared to the situation in the 1980s) farmers
in Botswana have tended to opt to sell to the local market rather than
export markets. According to Jefferis (2005), when domestic demand
exceeds exports this may reflect the dissatisfaction of farmers with
prices offered by the BMC – the only entity allowed to sell to the export
market. Low levels of sales are also associated with prevailing high
transaction costs; for example, farmers often complain about inade-
quate animal transport, delays in issuing of animal identification-related
permits, and slow payments by BMC. High transaction costs such as dis-
tance to the market, market information, and speed of payment affects
cattle marketing decisions (including choice of market outlets) of cattle
farmers in Botswana.

Regional dummy variables: these are included in the inefficiency
model to capture environmental constraints (due to differences in
soils and grass types) on production efficiency that may exist within
the six agro-ecological regions in Botswana.

Tenure dummy variable: this variable was included in both the pro-
duction frontier and the inefficiency effects models of the commercial
production system to capture the production and efficiency differences
between the farms under freehold land tenure systems and those under
TGLP ranches. It has been established that although TGLP ranches are
classified as commercial farmers, they are actually practicing traditional
production methods. TGLP ranches practice dual grazing, that is, they
graze their livestock within their ranches until there is very little forage
left before cattle are moved to communal land (Malope and Batisani,
2008). The TGLP ranches are also characterised by absentee manage-
ment, poor cooperation among group ranchers, and poor infrastructure
development (Barnes et al., 2008; Mahabile et al., 2002). Due to data
limitations (i.e. our small sample size) we could not separate commer-
cial production into two groups, thus instead we use this tenure
dummy variable to distinguish between them.

3.3.3. Empirical Model
Descriptive statistics for variables included in the stochastic produc-

tion frontier and inefficiency effects model are presented in Table 1. On
average, traditional farms produce more beef than commercial beef
farms. In both production systems the variability of beef production
(measured by standard deviation) is high, thus reflecting thefluctuation
of output over the study period. In terms of input use, on average com-
mercial farms seem to be spending more money purchasing other in-
puts than traditional farms. As expected, the average herd size for
traditional beef farms is small (19.8 LU per farm) when compared to
that of commercial farms (305 LU/farm). Similarly, commercial farms
have high off-take rates, low death rates, sell more to the exportmarket
(BMC), and use more cross and exotic breeds. On the other hand, tradi-
tional farms usemore local breeds and cross breeds, and death and birth
rates are significantly higher than is the case for their commercial
counterparts.

Appendix 2 presents tests of various null hypotheses, given the
specifications of the stochastic frontier with inefficiency effects
model (Battese and Coelli, 1995). There are two standard functional
forms used in the productivity literature; Cobb-Douglas and
translog functions. Using a likelihood-ratio test we tested the null
hypothesis that a Cobb-Douglas frontier is an adequate representa-
tion of the data, against the null hypothesis that the translog func-
tion is more appropriate. The Cobb-Douglas frontier is rejected as
an adequate representation, and the hypothesis of no technical
change was rejected given the specifications of the translog frontier.
The null hypotheses that the inefficiency effects in the model are
not random and that explanatory variables in the model for techni-
cal inefficiency effects have zero coefficients, are strongly rejected
by the data.

One of the objectives of this study is to test whether the tradition-
al and commercial sectors share the same beef production technolo-
gies, and this can be tested with a generalised likelihood test
comparing the pooled model and group frontiers. As shown in the
last row of Appendix 1, the null hypothesis was rejected and
thus the use of pooled model is not appropriate in this case. Thus,
we should use group frontiers. We specify our empirical model as
follows:

lnyit kð Þ ¼ α0 kð Þ þ
X3

j¼1

β j kð Þ lnXij kð Þ þ t

þ 1
2

X3

j¼1

X3

s¼1

βjs kð Þ lnXij kð Þ lnXis kð Þ þ
1
2
t2 þ Dij kð Þ

þ Vi kð Þ−Ui kð Þ ð10Þ

Where, j represents the j-th of i-th firm (i = 1, 2… Nk) in the k-th
group (k = 1 and 2); βij(k)=βji(k) for all j and k; Yi represents the
value of beef in Botswana Pula (BWP); Xi1 is the herd size (number



Table 2
Commercial and traditional beef production estimates in Botswana, 2004 to 2012.

Commercial beef
production

Traditional beef
production Metafrontier

Beef output Coefficient SE Coefficient SE Coefficient SE

Labour 0.403⁎⁎ 0.188 0.263⁎⁎⁎ 0.090 0.201⁎⁎⁎ 0.005
Livestock units
(LU)

0.456⁎⁎⁎ 0.123 0.825⁎⁎⁎ 0.089 0.900⁎⁎⁎ −0.002

Costs 0.151⁎⁎ 0.071 −0.017 0.048 −0.006⁎⁎⁎ −0.002
Time −0.044 0.030 0.006 0.012 0.046⁎⁎⁎ −0.001
Labour2 −0.054 0.359 0.183 0.152 −0.120⁎⁎⁎ −0.002
LU2 0.164 0.248 0.162 0.196 0.262⁎⁎⁎ 0.002
Costs2 0.174⁎⁎⁎ 0.045 0.026 0.033 0.168⁎⁎⁎ −0.001
Labour × LU 0.332 0.479 −0.475 0.349 0.036⁎⁎⁎ −0.001
Labour × Costs −0.146 0.197 −0.012 0.123 −0.002*** 0.006
LU × Costs −0.364⁎⁎⁎ 0.119 −0.077 0.136 −0.444 −0.002
Labour × Time −0.048 0.034 −0.041⁎⁎⁎ 0.013 −0.036⁎⁎⁎ 0.000
LU × Time 0.035⁎⁎ 0.018 0.012 0.012 −0.014⁎⁎⁎ −0.001
Costs × Time −0.003 0.011 0.011 0.007 0.021⁎⁎⁎ 0.002
Time2 0.003 0.003 −0.001 0.001 −0.012⁎⁎⁎ 0.000
Gaborone −0.317⁎⁎⁎ 0.111 0.050⁎ 0.027 −0.065⁎⁎⁎ 0.000
Central −0.287⁎⁎⁎ 0.087 0.048⁎ 0.030 −0.070⁎⁎⁎ 0.003
Francistown −0.347⁎⁎⁎ 0.074 0.015 0.036 −0.105⁎⁎⁎ −0.002
Maun −0.292⁎⁎ 0.125 −0.016 0.041 −0.134⁎⁎⁎ 0.000
Western −0.229⁎⁎ 0.094 0.061⁎ 0.033 −0.053⁎⁎⁎ 0.000
Tenure 0.340⁎⁎⁎ 0.068 – – 0.278⁎⁎⁎ 0.003
Constant 0.394⁎⁎⁎ 0.125 0.107⁎⁎⁎ 0.038 0.192⁎⁎⁎ 0.021
Log-likelihood 38.82 238.91
Returns to scale 1.01 1.07 1.096

Note:
⁎ Implies statistically significant at 10% level.
⁎⁎ Imply statistically significant at 5% level.
⁎⁎⁎ Imply statistically significant at 1% level.
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of cattle) in livestock units2; Xi2 represents total cost of labour (in-
cluding family labour); Xi3 is other livestock costs expressed in
BWP; t and t2 represent a smooth and time varying trend that is in-
cluded to capture technological change (TC); which often causes
economic relationships to change over time (Coelli et al., 2005). D1

to D5 are dummy variables for five regions in Botswana (Gaborone,
Central, Francistown, Maun and Western) with the Southern region
as the base against which these are compared. We also included a
dummy variable in the commercial sector model specification in
order to identify production on farms under TGLP ranches from
that on freehold farms. All variables except dummy and time vari-
ables are mean-corrected, which implies that the first-order esti-
mates of the model represent the corresponding elasticities.

Following the technical inefficiency effects model (Battese and
Coelli, 1995), μ is defined for the kth group as:

μ ij kð Þ ¼ δ0 þ
X8

j¼1

δ jZji þ
X7

s¼1

δsDsi ð11Þ

Where δjs (j=0,1,…, 8) and s=(0,1,…,6) are unknown parameters; Z1
is herd size (livestock units per household), Z2 is off-take rates (per
centage), Z3 is birth rates (per centage), Z4 is deathrates (per centage),
Z5 is the per centage of farmers selling to the BMC abattoirs, Z6 is the
per centage of exotic breeds in a given district and Z7 is the per centage
of cross breeds used in a given district. D1 to D5 represent regional
dummy variables for Gaborone, Central, Francistown, Maun and West-
ern regions respectively. D6 represents a dummy variable for land
tenure.

4. Results and discussion

4.1. Stochastic production frontier estimates

The maximum likelihood estimates for the parameters in the sto-
chastic frontier are presented in Table 2. The signs of the first order co-
efficients of the commercial and traditional beef production frontiers
and the metafrontier production function are as expected; exhibiting
positive and significant parameters (with the exception of the insignif-
icant cost variable for traditional beef production) thus satisfying the
monotonicity and concavity properties of a well behaved production
function.

The elasticity of output with respect to livestock units (LU) is large
(and highly statistically significant) for both production systems,
which implies that a 1% change in the number of cows has a larger influ-
ence on beef production than the same relative change of any other
input. This is especially the case in traditional beef production, where
a 1 % increase in LU increases beef production by 0.83% per annum,
ceteris paribus. The second important factor of production in the tradi-
tional beef production system is labour, contributing 0.26. In the case of
commercial production system the coefficient of labour is significant
and contributes 0.40 to beef production - which is similar in magnitude
as the estimate for LU (0.46), followed by other costs at 0.15. The sumof
the elasticity parameters gives an indication of returns to scale. A null
hypothesis test of constant returns to scale (CRTS) could not be rejected
in both traditional and commercial production systems.

All the coefficients of the regional dummies in the commercial beef
production system are negative and significantly different from zero,
implying that production technologies in these regions fall behind that
of the base region (Southern region). The relative efficiency of beef pro-
duction in the Southern region is probably associatedwith the better ac-
cess to nutritious vegetation and close proximity to Lobatse (which is
2 Statistics Botswana reports the herd composition by age and gender, therefore to cap-
ture the differences in the herd composition we converted using the livestock unit coeffi-
cients: 0.2, 0.6, 0.75, 08 and 1 for calves, heifers, cows, steers and bulls respectively (see,
Otieno et al., 2014 and Temoso et al., 2015a, 2015b).
the main marketing centre for the export market) and Gaborone (the
capital and largest city in Botswana) (Temoso et al., 2015b) that this re-
gion enjoys. In the case of traditional beef production, only three regions
(Gaborone, Central and Western) have estimated coefficients that are
statistically significantly different from zero and the magnitudes of
those coefficients are small but positive suggesting that beef cattle pro-
duction technology in these regions has been shifting outwards com-
pared to the Southern region, albeit only marginally. As expected the
land tenure variable contributes positively to beef production, thus im-
plying that beef farms under freehold land produce more output than
those from TGLP ranches. This is probably due to the fact that the
farmers under freehold land tenure own individual tenure rights and
therefore are more likely to undertake long-term investment in land
and infrastructure, which then contribute positively to production.
The private tenure system also increases their access to formal credit.

4.2. Factors affecting performance of commercial and traditional beef cattle
production

The technical inefficiency effects model presented in Table 3 is joint-
ly estimatedwith the production frontier in the previous section. A neg-
ative coefficient indicates that the variable has a negative effect on
technical inefficiency (i.e. it has led to an increase in TE). Under com-
mercial beef production, herd size is significant and is associated with
higher productive efficiency. The positive relationship between herd
size and production efficiencies may be related to the benefits from
economies of size and it is consistent with results from other studies
(e.g. Bahta and Malope, 2014; Iraizoz et al., 2005; Samarajeewa et al.,
2012). This result suggests a possible strategy of increasing farm size
(in this case measured in terms of herd size) to improve performance
in the beef sector. However, herd size has a positive sign under the tra-
ditional production systemwhich reflects diseconomies of size. This re-
sult agrees with results found by other studies (Mahabile et al., 2002;
Migot-Adholla et al., 1991) andwhich argue that open access to grazing
land encourages high stocking rates which in turn lead to low herd pro-
ductivity and low calving and high mortality rates; and which



Table 3
Factors affecting performance of beef production for commercial and traditional farms,
2004 to 2012.

Commercial beef production Traditional beef production

Beef output Coefficient
Standard
error Beef output Coefficient

Standard
error

Tenure 2.062⁎ 1.249 Tenure – –
Herd size −0.001 0.001 Herd size 0.002 0.022
Offtake rate −0.153⁎⁎⁎ 0.048 Offtake rate −0.853⁎⁎⁎ 0.110
Birth rate 0.009 0.011 Birth rate −0.004 0.017
Death rate −0.190 0.129 Death rate −0.001 0.031
Market −0.021⁎ 0.012 Market −0.009 0.016
Exotic breed −0.100⁎⁎ 0.035 Local breed 0.034 0.029
Cross breeds −0.085⁎⁎⁎ 0.024 Crossbreed 0.028 0.028
Gaborone −6.613 11.345 Gaborone 0.167 0.751
Central −0.446 0.690 Central 1.666⁎⁎ 0.817
Francistown −1.800 1.398 Francistown 0.690 0.803
Maun −1.331 1.512 Maun −0.378 0.740
Western −0.596 0.836 Western 2.887⁎⁎⁎ 1.068
Time −0.034 0.104 time −0.091 0.083
Constant 9.435⁎⁎⁎ 2.989 Constant 180.606 166.200

Note:
⁎ Implies statistically significant at 10% level.
⁎⁎ Imply statistically significant at 5% level.
⁎⁎⁎ Imply statistically significant at 1% level.

Table 4
Summary statistics of technical efficiency and technological gap estimates.

Name Mean Standard deviation Minimum Maximum

TE (Commercial) 0.806 0.160 0.251 0.999
TE (Traditional) 0.790 0.124 0.390 0.998
MTR (Commercial) 0.915 0.064 0.718 1.000
MTR (Traditional) 0.893 0.126 0.509 1.000
TE* (Commercial) 0.740 0.163 0.222 0.970
TE* (Traditional) 0.706 0.150 0.305 0.995

Note: MTR refers to metatechnology ratios, whilst TE is the technical efficiency with re-
spect to group frontier and TE* is technical efficiency with respect to the metafrontier.
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consequently discourage investment in improvements such as water
sources and better breeds. However, it has been argued by Wang et al.
(2013, p. 438) that, “the relationship between herd size and efficiency
may vary depending on whether the average herd size in the sample ex-
ceeds the optimal herd size”.

Among the biological efficiency coefficients, off-take rates are posi-
tive and significant at the 1% level in both production systems. Commer-
cial off-take rates are consistently higher than those in the traditional
sector, reflecting a greater market orientation (CAR, 2005). However,
in some instances, for example, during drought seasons, small herd
owners tend to sell their animals at a rate equal to, or in excess of, the
offtake rates of large commercially managed herds as a drought risk
management strategy (Behnke, 1987). Although insignificant, the
birth rates coefficient has positive effects on TE for traditional farms
and has a, surprisingly, negative (although statistically insignificant) ef-
fect for commercial farms. This latter result is counter to our prior ex-
pectation that birth rates would have a positive effect on efficiency
under commercial production since those farms are highly equipped
to adopt the latest technologies and because animals are likely to be bet-
ter fed and managed than those under traditional management (de
Ridder and Wagenaar, 1984; Mahabile et al., 2005).

Our results show that the use of exotic and cross breeds has a posi-
tive relationship with efficiency under commercial beef production.
Use of cross breeds is popular among commercial farmers in Botswana
because of their potential to improve productivity and their suitability
to the adverse production environment compared to indigenous breeds.
The market coefficient also leads to improvement in efficiency under
the commercial beef production system. This implies that selling to
the export market has benefits to commercial farmers. However, in
the case of traditional beef farms the impact of the export market is in-
significant. This is probably due to the fact that in recent times tradition-
al farmers are opting to sell to the localmarket rather than the BMC; this
reflects dissatisfaction by farmers with prices offered by the BMC
(Jefferis, 2005). Inaccessibility to markets and high costs of transport
to the BMC collection points is also one of the biggest challenges that
traditional beef producers face in more remote areas (Bahta and
Malope, 2014).

The regional dummies were included to investigatewhether TEmay
be related to the geographical location. Geographical location may ac-
count for factors such as differences in soils, vegetation,weather and cli-
mate, and infrastructure that are not included in the production
function but that may affect the level of output (Samarajeewa et al.,
2012). We found that under the traditional beef production system,
farms located in Central andWestern regions are the only significant re-
gional dummies, implying that the performance of beef farms located in
these regions lags behind those in the Southern region in terms of effi-
ciency performance.
4.3. Technical efficiency and technological gap analysis

Table 4 presents summary statistics for TE, MTR and MFs. The mean
TE for commercial farms is higher than the mean TEs for traditional
farms. In order to compare total factor productivity (TFP) across farming
systemswith different technologies, the MTRs need to be taken into ac-
count. A higher (lower) MTR implies a smaller (larger) technology gap
between the group production frontier and the metafrontier (MF). The
estimated MTRs for the commercial and traditional beef farms are 0.92
and 0.89, respectively, illustrating the technological gaps between the
two beef production systems. The MTRs for commercial farms are
higher than the traditional production system thus defining the poten-
tial technology available for the beef industry in Botswana. This was ex-
pected given that the commercial farms are better equipped to adapt to
new and advanced technologies and hence improve their production.
Our results suggest that on average, commercial farmers have more ef-
fectively implemented livestock management practices to mitigate the
productivity-reducing effects of an unfavourable production environ-
ment than have traditional farmer.

From Table 4, it does appear that commercial farms are more effi-
cient within and as compared to traditional farms. The mean TE*,
which can also be interpreted as total factor productivity (TFP), is 0.74
for commercial farms, this is higher than the traditional farms (0.71)
reflecting their higher production capacity due to the ability to increase
their productivity through better farmmanagement and better access to
the latest industry developments such as advanced breed genetics, fod-
der and disease response mechanisms. The implication of this result is
that policies targeting optimal resource utilisation could improve beef
production of commercial farms by up to 26% and traditional farms by
as much as 30% compared to total potential output given existing tech-
nologies and inputs.

Figs. 1 and 2 show the annual growth rates of TE with respect to
group (farming system) and to the metafrontier (whole beef industry).
What is evident from both figures is that TFP (TE*) has been gradually
increasing in both systems, especially for the commercial farms, where
it grew by 116% for the period 2004 to 2013. According to our results,
the main contributor to TFP in both systems was TE, whilst production
technology slightly contributed to the growth in commercial produc-
tion. These results agree with the analysis of Temoso et al. (2015b)
which found that technological change in the traditional sector had de-
clined for the period 2004 to 2012. In their study the Western region
was the only region that experienced positive production technology
growth, and this growth was attributed to the fact that the communal
grazing areas in the Western region share many of the advantages of
commercial ranches.
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Fig. 1. Annual growth rates of commercial beef production technology and TE, 2004 to 2013.
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5. Conclusions

In this paper we have estimated productivity and technological dif-
ferences between the commercial and traditional beef production sys-
tems in Botswana. Given that the two production systems use
different sets of technologies (different in terms of human capital, eco-
nomic infrastructure, resource endowments and socio-economic envi-
ronment) two separate production frontiers were estimated. The
results show that, as expected, both productive performance and pro-
duction technologies are consistently lower in traditional farming than
on commercial farms. Upon the computation of the metafrontier, com-
mercial beef production technology is found to be more advanced than
the traditional and it defines the potential production technology avail-
able for the beef industry in Botswana. On average productivity andpro-
duction technologies have been gradually increasing in both systems,
especially for the commercial farms, where productivity grew by 106%
between 2004 and 2013, driven mainly by improvements in TE.

Using regional dummy variables we found that the farms located in
the Southern region; regardless of whether they are commercial or tra-
ditional farms tend to perform better than those from other regions.
This is probably associated with their better access to nutritious vegeta-
tion and close proximity to Lobatse (which is themainmarketing centre
for the beef export market). We found that beef farms under freehold
land tenure are generally more efficient than those under TGLP land
tenure. Themajority of farmers under freehold land tenure own individ-
ual tenure rights and are therefore more likely to make long-term in-
vestments in land and infrastructure which then contribute positively
to production. The private tenure system also increases their probability
of access to formal credit.
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Fig. 2. Annual growth rates of traditional beef pr
The results indicate that the use of improved breeds, high off-take
rates and selling to the BMC (the only exporting abattoirs in Botswana)
improves TE. However, these impacts were not consistent across pro-
duction systems. Under the commercial beef production system the
main factors that are found to have a positive influence on TE include:
use of controlled cattle breeding methods, access to the export market
and herd size. Our results show that both farming systems have the po-
tential to overcome technology constraints and achieve the highest at-
tainable productivity level through improvements in; beef cattle
technologies, farmer capacity in production and marketing, and the ef-
fectiveness of the technology transfer process. The average farm's beef
production could be increased by up to 30% and 26% for traditional
and commercial farming system respectively, if all the inefficiency in
production were eliminated. As a result, policies that aim to encourage
more efficient beef production under traditional farming should focus
on lifting individual TE performance, which could be achieved by pro-
moting the use of extension services. Farmers should be encouraged
to utilise existing agricultural support programs such as LIMID (Live-
stockManagement and Infrastructure Development) which aims to im-
prove livestock management and range resource utilisation. The slow
adoption rates of existing subsidised programs and technologies that
the government and donor agencies have implemented in the past
may also be one of the limiting factors in improving livestock produc-
tion in Botswana, thereforemonitoring and evaluation of extension ser-
vices and agricultural support programs should be done regularly to
manage and assess their efficiency and effectiveness.

More empirical researchneeds to bedone to investigate productivity
and the technological differences between the two beef production sys-
tems using farm level data from the same agro-ecological region. Also,
009 2010 2011 2012 2013

nal technology TE*

oduction technology and TE, 2004 to 2013.
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with more data within the commercial production system, there is po-
tential to separate farmers according to land tenure system (i.e., TGLP
ranches versus freehold ranches) thus allowing investigation of the re-
lationship between farm size, land tenure and productivity on which
the empirical evidence remainsmixed. Results from such investigations
may then lead to the better design and implementation of policy aimed
at improving the productivity and competitiveness of beef farming in
Botswana.

Finally, we should reiterate here that this paper is narrowly focused
upon the economic aspects of production systems. Since we did not
have the necessary data we have not included the effects of stocking
rates, forage allowance, production intake and forage utilisation effi-
ciency. According to Henderson et al. (2016), improving productivity
may bring some environmental benefits such as reductions in emissions
of greenhouse gases and/or natural resource use. It has been argued by
other researchers (Hansen, 1996; Tisdell, 1988) that some agricultural
systems may be highly productive but not necessarily sustainable. Im-
proving the sustainability of beef production in Botswana will require
further work which combines the modelling of the economic produc-
tion system with agronomic and ecological models of grazing systems.
Since the majority of livestock production in Botswana takes place on
rangeland, there is need for stakeholders (including researchers and
policymakers) to adopt an inclusive approach that takes in into account
these aspects of beef production systems. Studies such as Cortez-Arriola
et al. (2014) and Henderson et al. (2016) discuss the extent of produc-
tivity gaps in animal science and also demonstrate how the economic
and environmental performance of the livestock production systems
could be measured.

Appendix 1. Technical efficiency (TE) and metatechnology ratios
(MTR) of beef production systems in Botswana

Appendix 2. Hypotheses tests
M
C
N
T
T
C

M
C
N
T
T
C

Test statistic
 Critical value
 Decision
odel 1 (Traditional)

D vs.TL
 19.70
 15.51(8)
 Reject H0 at 5%

o technical change
 16.43
 5.99(2)
 Reject H0 at 5%

ime varying vs time invariant model
 11.74
 7.81(3)
 Reject H0 at 5%

echnical inefficiency
 214.53
 22.36(13)
 Reject H0 at 1%

onstant returns to scale
 1.07
 3,84(1)
 Accept H0 at 1%
odel 2 (Commercial)

D vs.TL
 43.94
 16.92(9)
 Accept H0 at 1%

o technical change
 248.08
 5.99(2)
 Reject H0 at 5%

ime varying vs time invariant model
 19.28
 7.81(3)
 reject H0 at 5%

echnical inefficiency =0
 61.51
 16.92(9)
 Reject H0 at 1%

onstant returns to scale
 1.01
 3,84(1)
 Accept H0 at 1%

ooled vs. group frontiers
 148.30
 76.15(50)
 Reject H0 at 1%
P
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