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Abstract

This paper analyzes profit efficiency of selected mining firms in South Africa over the 2003-2006 period. A stochastic
frontier analysis method was used. The estimated model shows the presence of stochastic frontier profit possibilities.
All variables that affect profitability of the firm are highly significant. The fourteen firms covered are ranked in terms
of their efficiency performance over this period. At 37%, the average profit efficiency of 50% of firms or 7 firms is

above the overall average.
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Introduction

The South African economy is currently character-
ized by high level of unemployment, abject poverty,
low productivity and low international competitive-
ness whereas small and medium enterprises in South
Africa constituted 55 percent of all jobs and 22 per-
cent of gross domestic product (GDP) in the year
2003 (Saravanan et al.,, 2008). Some researchers
advocate promotion and support of these firms on
the basis of both economic and welfare arguments
(You, 1995). It is argued, for instance, that an ex-
pansion of the small-firm segment leads to more effi-
cient resource allocation, less unequal income distri-
bution and less under-employment because small
firms tend to use more labor intensive technologies.
Furthermore, a large number of small firms may con-
stitute a seedbed for young entrepreneurs. In addition
to these arguments, technical efficiency of small
firms may be higher as a result of their being exposed
to more competition than larger firms.

Only few studies have been conducted to analyze
profit efficiency in South Africa. One example is
South Africa Revenue Service (2008), Akinboade et
al. (2008) and Akinboade et al. (2009). This is
somewhat surprising given the importance of meas-
uring the profit efficiency of an industry and the
significant role that small and medium enterprises
play in economic growth. Thus, it is important to
not only focus on how government must improve
the business environment, studies also have to shed
light on how to improve the productivity of firms in
South Africa. The problem of measuring the profit
efficiency of an industry is hence important to both the
economic theorist and the policy maker. If government
policy is to improve industrial performance, it will be
important to know how far a given industry can be
expected to increase its profit by simply increasing its
efficiency, without absorbing further resources.
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Hence, the main objective of this paper is to under-
take an assessment of the profit efficiency of se-
lected firms in the mining sector of South Africa
over the 2003-2006 period. The rest of the paper is
structured as follows: a brief discussion of why it is
important to improve profit efficiency in the mining
sector is presented in the first section, followed by a
discussion of profit efficiency measurement. Later,
we outline data sources and model specification
before presenting the empirical application and re-
sults. The last section concludes the paper.

1. Why it is important to improve profit
efficiency in the mining business

The traditional relationship between mining and the
environment was previously based on a negative per-
ception of involvement in environmental pollution.
However, in 1995 the World Business Council for
Sustainable Development (WBCSD) was established
with a view towards promoting business’ understand-
ing of sustainable development. In their understanding
of sustainable development the WBCSD has recog-
nized the responsibility of business to both grow their
economic impact whilst simultaneously acting in a
manner that is acceptable to society.

South Africa is one of the world's and Africa's most
important mining countries in terms of the variety and
quantity of minerals produced. It has the world's larg-
est reserves of chrome, gold, vanadium, manganese
and PGMs. South Africa is the leading producer for
nearly all of Africa's metals and minerals production.

It is estimated that South Africa holds 80% of the
world's known manganese reserves as well as 72%
of the world's known chromite ore reserves. In 2005,
South Africa was found to be the ninth-largest pro-
ducer of aluminium, the largest producer of alu-
mino-silicates, chrome ore and ferro-chromium.
South Africa was also found to be the second-largest
producer of manganese ore and the ninth-largest
producer of nickel in the same year.



The economic benefits of mining are also reflected in
the contribution to direct foreign exchange earnings
of the country. In the 1970s and 1980s, gold exports
were the predominant source of foreign exchange
earnings, with mining contributing around 14% of
total value added in the economy. In 2007, mining
and quarrying contributed about 5.8% to the coun-
try's gross domestic product (GDP).

However, mining as an industry is crucial to South
Africa’s economic growth, with precious metals con-
tributing 65% to the country's mineral export earnings
and 21% of total exports of goods in 2006. The coun-
try supplies about 80% of the world's platinum.

The mining industry is also South Africa's biggest
employer, with around 460 000 employees and an-
other 400 000 employed by the suppliers of goods
and services to the industry.

The gold industry remains the largest employer,
responsible for more than 50% of total employment,
estimated at 420 000 people in 2000. Mining also ac-
counts for more than 40 percent of the market capitali-
zation of the JSE Securities Exchange South Africa.

Also, developments in the mining sector directly
affect Millenium Development Goals (MDGs), es-
pecially poverty and undernourishment. Mining is a
major private-sector supplier of social infrastructure
including schools, clinics and other essential facilities
in parts of the country where poverty is endemic.
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Fig. 1. South Africa’s ranking in global minerals production
2. The profit efficiency model

The profit efficiency model derives inspiration from
the project based approach to audit selection in Aus-
tralia. It focuses on taxable income of taxpaying
entities. A detailed discussion of the profit efficiency
model is contained in Syed and Kalirajan (2000). The
definition of profit efficiency is in relation to the eco-
nomic objective of profit maximization.
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Two profit functions are distinguished in the litera-
ture, depending on whether or not there is market
power: the standard profit function and the alterna-
tive profit function. The standard profit function
assumes that markets for outputs and inputs are
perfectly competitive. Given the input and output
price vectors, the individual retail firm maximizes
profits by adjusting the amounts of inputs and out-
puts. In the alternative profit function, firms take as
given the quantity of output and the price of inputs.
They maximize profits by adjusting the price of the
output and the quantity of inputs. Efficiency ranges
over the (0,1) interval.

Profit efficiency of an individual firm, PE; is de-

fined as the ratio of the observed profit (Q) to the
corresponding frontier profit (Q*).

PE, = 0/Q* (1)

Profit efficiency is measured through benchmarking
profitability from a group of firms within a particu-
lar industry. Let N be the number of firms. Suppose
the i firm has a vector of X independent inputs that
determine profit. Then, the stochastic profit function
is defined as:

[”Qit :ﬁInXit + (Vit_Uit)’
i=l]—-N
t=1-——T

where InQ;, = the log of profit of the i firm in time
period ¢. InX,, = a K x [ vector of logs of revenue

2)

and cost of the firm in the time period 7. f = a vec-
tor of unknown parameters. V', = random variables

which are assumed to be ,, N(0, o°/v). U, = non-

negative random variables which are assumed to

account for profit inefficiency and are assumed to be
. 2

s s truncations at zero of the N (1, o”/u).

The maximum likelihood (MLE) method is em-
ployed to obtain the estimates of the coefficients
(/) of the stochastic profit frontier function and the

predicted profit efficiency. The variance parameters
are expressed in terms of:

o= (c52u + GZV) and
y= (qu/ o+ GZV).

When the i firm effectively employs the best prac-
tice governance method to obtain maximum possible
profit, then y; will take a value of zero. However, this
maximum profit could vary among firms which are
using different levels of inputs based on their fixed en-
dowments. If any firm were to adopt the best governance
practice, it would generate O;*, such that O;*= O,
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High and significant values of Q; indicate the presence
of stochastic profit possibilities and that the variation
in profit performances among firms is not just due to
factors beyond the control of firms, but also due to
firm specific governance factors influencing profit

1-F(-u*/o¥) ;M(MO'—»V)T

f(Qi): ex
ooz eot ) Hp-rlai,)]

Thus, the profit efficiency of the i firm, which dis-
tils stochasticity in the profit frontier from firm spe-
cific efficiency is given by:
PE; = exp (-uy) = Q/0*.

3. Estimating profit performance benchmarks

4)

Any analysis of the behavior of a firm or industry re-
quires clear recognition of the character of its output and
of the input of the resources employed, and any empiri-
cal analysis of efficiency requires that these quantities
should be measurable (Hall and Knapp, 1955).

Theoretically, the profits of any specific mining firm
may deviate from that of the best practice mining
firm due to two main factors: uncontrollable random
shocks and controllable mine specific profit ineffi-
ciencies. Uncontrollable random shocks include ex-
ternal shocks such as amendments in mining sector
legislation or unanticipated changes in demand for
mining products. The controllable profit inefficien-
cies can be attributed to internal mine specific gov-
emance factors including, for example, under-
reporting of income or inflation of certain cost items.

Another important issue is what determines the per-
formance of a mining firm. This study uses profits
as a measure of performance. Variability in profit-
ability is related to income and expenditure in the
production operations of a mining entity and
benchmarked for it.

Benchmarking is a process (1) for identifying the
best performers, and thereby the gap between these
best performers and others, and then (2) for explain-
ing the reasons for the gap with an eye to taking
corrective action to close the gap. Traditionally, it
has often been carried out for the general informa-
tion of company managers or analysts.

Stochastic Frontier Analysis and Data Envelopment
Analysis are the most common approaches for
benchmarking and efficiency studies. The two
methods are examples of, respectively, parametric
and non-parametric techniques.

Data Envelopment Analysis (DEA) is a non-
parametric approach that determines a piecewise linear
efficiency frontier along which the most efficient firm
derives relative efficiency measures of all other firms
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efficiency. When it is assumed that the impact emanat-
ing from a firm’s poor governance is effective, then
the firm will show slackness in effectively using inputs
to obtain their maximum possible profit. The i firm’s
profit function can hence be written as follows:

3)

in the sample. It is simple and it yields useful interpre-
tation results even when data are limiting. It is widely
used in the operations research and management sci-
ence literature. Instead of estimating the impact of
different cost drivers, DEA establishes an effi-
ciency frontier (taking account of all relevant vari-
ables) based on the “envelope” of observations.
Each firm is then assigned an efficiency score
based on its proximity to the estimated efficiency
frontier (NERA, 2006). The efficiency of a particu-
lar company is then measured by its distance from
the estimated frontier.

One criticism of DEA is often related to its sensi-
tivity to outliers. The technique often finds compa-
nies to be efficient purely as a result of their being
an outlier rather than because their costs are low
(NERA, 2006). The technique tends to characterize
many companies as being on the efficient frontier,
particularly when there are several cost drivers in
the model.

Parametric techniques (such as stochastic frontier
analysis (SFA), Corrected Ordinary Least Squares
(COLS) and some others) are based on regression
analysis. They specify a particular form of relation-
ship between a firm’s costs or production and a set
of cost drivers, which might include, for example,
the outputs produced, input prices and a range of
exogenous factors. These models make use of some
econometric techniques to estimate the parameters
of that relationship.

The Stochastic Frontier Method (Aigner et al.,
1977a, b) then sets benchmark standards, both here
and in general, since the method provides an esti-
mate of relative-performance-based standards that
can control both for: (i) relative levels of potential
excess expenditures to produce given levels of out-
puts, and (ii) random exogenous factors affecting
levels of expenditures.

Stochastic frontier analysis (SFA) is the economet-
ric methodology that should be used to simultane-
ously benchmark best performance and to explain
the benchmark gap between current performance
and best performance. This approach is not so influ-
enced by outliers though it requires the shape of the
frontier to be known, or assumed, in advance.



In this study, our objective in estimating bench-
marks for mining firms is to identify a profit frontier
which reflects the minimum total expenditures
needed to achieve specified levels of outputs.

4. Data and model used in the study

Panel data from 14 small to medium size mining firms
in South Africa have been used in this study. Relevant
data on small and medium sized firms in the sector of
South Africa are difficult to access. Therefore, selected
firms were those for which relevant data are available
in public domain. These data set, covering 2003 and
2006 (the most recent that are available) from com-
pany income statements, includes information on vari-
ables that affect corporate profitability for these firms.
These are taxable income, sales revenue, wage bill,
gross interest, other income, total expenses, interest
expenses, current assets.

Following Syed and Kalirajan (2000), we specify a
log-linear functional model of the stochastic frontier
profit function as follows.

InQ;, = py + pdnX;, + (v-u for i=1-8 and t=1-4, (5)

where the variables are as described in Table 1.

V,, are as defined earlier and U;; ~N (m;, suz), where m;
= 7Z:d, Z, is the vector of firm-specific variables which
may influence the firms' efficiency. The estimation of
the above equation will yield the potential profit (tax-

able income) Q; for individual firms. Given our log-

linear specification, adjustments had to be made for the
few firms experiencing negative profits. We hence
follow closely the suggestions of Fitzpatrick and
McQuinn (2005) and adjust the profit levels in the
sample such that the profit level for the firm with the
largest negative amount corresponds to log(0+1) =0.

4.1. Empirical model specification of profit effi-
ciency. In common with the literature, the package
used in the study and estimated by maximum likeli-
hood is FRONTIER 4.1 (Coelli, 1994).

Herrero and Pascoe (2002) review the technical
characteristics of FRONTIER 4.1 software and oth-
ers. FRONTIER 4.1 was created specifically for the
estimation of production frontiers. It is a relatively
easy tool to use in estimating stochastic frontier
models, it is flexible in the way that it can be used to
estimate both production and cost functions, it can
estimate both time-varying and invariant efficien-
cies, or when panel data are available, and it can be
used when the functional forms have the dependent
variable both in logged or in original units.

FRONTIER solves two general models. The error
components model can be formulated as

Yi=Xy B + (Vn - Uit), (6)
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where Y is the (logged) output obtained by the i-th firm
in the #th time period; X; is a (kx1) vector of (transfor-
mation of the) input quantities of the i-th firm in the #th
time period; £ is a (kx1) vector of unknown parameters;
and V; are assumed to be iid N(O, GVZ) random errors,
and Uy = U; exp (-n(¢-7)), where U; are assumed to be
iid as truncations at zero of the N(m;, 6,%).

FRONTIER 4.1 incorporates maximum likelihood
(ML) estimation of parameters. The estimation
process consists of three main steps. First, OLS is
applied to estimate the production function. This
provides unbiased estimators for the B's (except for
the intercept term and the variance estimate). The
OLS estimates are then used as starting values to
estimate the final ML model. The value of the like-
lihood function is estimated for different values of y
between 0 and 1 given the values for the B's derived
in the OLS. Finally, an iterative Davidon-Fletcher-
Powell algorithm calculates the final parameter es-
timates, using the values of the B's from the OLS
and the value of y from the intermediate step as
starting values.

If n>0, the inefficiency term, U, is always decreasing
with time, whereas N<0 implies that U, is always in-
creasing with time. That could be one of the main
problems when using this model, technical efficiency
is forced to be a monotonous function of time.

The second model included in the FRONTIER
package is the Technical Efficiency (TE) effects
model (Battese and Coelli, 1995). According to
Herrero and Pascoe (2002), there are two ap-
proaches to estimating inefficiency models. It could
be done in either a one step or a two step process. If
the two-step procedure is used, the production fron-
tier is first estimated and the technical efficiency of
each firm is derived. These are subsequently re-
gressed against a set of variables, Z;, which are hy-
pothesized to influence the firms' efficiency. A
problem with the two-stage procedure is the incon-
sistency in the assumptions about the distribution of
the inefficiencies. In the first stage, the inefficien-
cies are assumed to be independently and identically
distributed (iid) in order to estimate their values.
However, in the second stage, the estimated ineffi-
ciencies are assumed to be a function of a number of
firm specific factors, and hence are not identically
distributed unless all the coefficients of the factors
are simultaneously equal to zero (Coellli, Rao and
Battese, 1998). FRONTIER uses the ideas of
Kumbhakar, Gosh and McGuckin (1991) and Reif-
schneider and Stevenson (1991). It estimates all of
the parameters in one step to overcome this inconsis-
tency. The inefficiency effects are defined as a func-
tion of the firm specific factors (as in the two-stage
approach) but they are then incorporated directly into
the Maximum Likelihood Estimate (MLE).
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5. Results

5.1. Maximum likelihood estimates of frontier pro-
duction function in the mining sector. The maxi-
mum likelihood estimates of the stochastic frontier
profit function of the selected mining firms in South
Africa are reported in Table 1. A significant positive
(negative) coefficient for any variable suggests that it
increases (decreases) the firm’s profit efficiency.

The estimated model shows the presence of stochas-
tic frontier profit possibilities. The value of Gamma
(v) is close to 1 and significant at 1%. The likeli-
hood ratio is significant at 5%. This suggests that
the overall model estimated is significant.

All explanatory variables that affect profitability of
the mining firm analyzed are highly significant. The
total wage bill, interest expenses and other expenses
all have significant negative effects on the profit
efficiency of the mining firms. Their coefficients are
significant at 1%. Similarly, Sales revenue, Gross
interest income, other income and Asset size all
have significant positive effects on the profitability
of the mining sector firms. The coefficients of these
variables are all significant at 1% level except that
of the Gross interest income which is significant at
5%. However, the time trend variable in the Effi-
ciency component model is not significant.

Table 1. The maximum likelihood estimates of the stochastic profit frontier for selected firms in the mining sector

Dependent variable: taxable income
Number of observations: 56
Period: 2003-2006

Explanatory variables Coefficient Standard error t- values
Constant (Bo) -12.28 0.273 -45.03***
Total wage bill -0.014 0.003 -4.14%*
Sales revenue 0.758 0.009 82.09***
Gross interest income 0.038 0.016 2.3*
Interest expenses -0.312 0.0015 -211.8***
Other income 0.227 0.0013 171.16™*
Asset size 1.76 0.031 56.71***
Other expenses -1.13 0.094 -12.03***
Constant (&) -4.19 1.78 -2.42*
Z (trend) -0.383 0.353 -1.08
Variance statistics
Sigma squared 68.67
Gamma (y) 0.999

Notes: Log Likelihood function =-151.11. Likelihood ratio test= 41.04**, *** indicates significance at 1%. ** indicates significance at least at 5%.

5.2. Profit efficiency of selected firms in mining
sector. It is important for the profit performance of
mining firms to be benchmarked against each other in
the sector. Profit performance also needs to be ranked

over this period. This could assist the industry to de-
velop strategies to improve performance and decrease
inefficiencies. The distribution of profit efficiencies for
mining firms for this period is presented in Table 2.

Table 2. Profit efficiency of selected firms in mining sector, 2003-2006

Firm Name of the firm 2003 2004 2005 2006 Average Rank

1 Denver Quarries Pty Ltd 0.670 0.831 0.989 0.405 0.724 1
Poggenpoel Diamond Cut-

2 ting Works CC 0.291 0.494 0.680 0.997 0.616 4

3 Supermix Mining Pty Ltd 0.000005 0.0000007 0.0000002 | 0.00000005 0.000001 14

4 | Stone and Allied Industries | o 50001 | 0.000005 | 0.000004 | 0.000001 0.000005 13
(OFS) Ltd

5 De Aar Stone Crushers 0.682 0.289 0.623 0.998 0.648 2

6 Metal Concentrators Pty Ltd 0.114 0.330 0.644 0.328 0.354 7

7 SPH Kundalila Pty Ltd 0.00005 0.00006 0.00002 0.997 0.249 9

8 Ernest Blom Diamonds CC 0.000001 0.00001 0.0022 0.0259 0.007 12

9  |ADR Mining & Plant Sup-| 349 0.999 0.515 0.502 0.591 5
plies CC

10 Lidonga Minerals Pty Ltd 0.970 0.0006 0.001 0.0003 0.243 10

11 Rietspruit Crushers Pty Ltd 0.249 0.280 0.076 0.365 0.243 10
Prominence Mining Ser-

12 vices CC 0.989 0.837 0.478 0.179 0.621 3

13 MB Metals Pty Ltd 0.994 0.295 0.632 0.217 0.535 6

14 White River Crushers CC 0.107 0.0929 0.182 0.995 0.344 8
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The average profit efficiency for all 14 firms ana-
lyzed is 37%. The deviation between the lowest and
the highest average profit efficiency is very high.
The lowest average profit efficiency is 0.0001%
while the highest average profit efficiency is 72.4%.
Average profit efficiency of 11 firms is above 20%.

The average profit efficiency of 50% of firms or 7
firms is above the overall average. These firms are:
1,2,5,6,9, 12 and 13. The average profit efficiency
of 50% of the firms or 7 firms is below the overall
average. These firms are: 3, 4, 7, 8, 10, 11, and 14.
Firms 3, 4 and 8 are consistently performing low in
terms of profit efficiency.

5.3. Tracking the efficiency ranking over time.
Another issue of relevance to the study is the track-
ing of mining firm’s efficiency over time. Given
that we had access to firm level data on the 14 firms
over 4 years, such an analysis has been undertaken.

There are two ways of performing SFA on mining
data collected over time. First, four separate SFAs
can be run for each time period. In such an analysis,
the efficiency of any mining firm may not be di-
rectly compared with efficiency of another firm in
different time periods, including itself. The efficien-
cies are relative and are computed by looking at
performance data of firms included in that analysis
(or time period) only. Hence, for example, it may

Problems and Perspectives in Management, Volume 8, Issue 1, 2010

not be valid to compare the efficiency of firm num-
ber 1 in 2003 with its efficiency in 2006 or the effi-
ciency of firm number 2 in 2006. However, the
comparison of rank orders of firms from different
time periods may be meaningful. Hence, we can
compare the rank of firm number 1 in 2003 with its
rank in 2006 or the rank of firm number 14 in 2003
with its corresponding ranking in 2006.

Table 3 presents the ranking of mining firms by
tracking their efficiency ranking over time.

Due to the fact that retail data for 14 firms for 4
years were pooled to create 56 observations (14 x 4
time periods) and used in our analysis, it is therefore
possible to compare firm-level efficiency and track it
over time. Hence, now we can compare the efficiency
of, say firm number 1 in 2003 with its efficiency in
2006 and the efficiency of firm number 2 in 2006.

The yearly rankings of most of the firms are rea-
sonably close. From Table 3 we can see that firm
numbers 3, 4, and 8 have been consistently ranked
between 11 and 14. Compared with others these
mining firms are the poor performers. Firm number
10 consistently deteriorated in ranking over this
period. Firm number 2 improved from 8" position in
2003 to second in 2005 and 2006. Similarly, firm
number 14 improved in efficiency ranking from 10"
in 2003 to 4" in 2006.

Table 3. Tracking profit efficiency ranking of selected firms in mining sector, 2003-2006

Firm Name of the firm 2003 2004 2005 2006 Average rank

1 Denver Quarries Pty Ltd 5 3 1 6 1

2 Poggenpoel Diamond Cutting Works CC 8 4 2 2 4
3 Supermix Mining Pty Ltd 13 12 13 14 14
4 Stone and Allied Industries (OFS) Ltd 12 14 12 13 13
5 De Aar Stone Crushers 4 7 5 1 2
6 Metal Concentrators Pty Ltd 9 5 3 8 7
7 SPH Kundalila Pty Ltd 14 13 14 3 9
8 Ernest Blom Diamonds CC 11 11 11 11 12
9 ADR Mining & Plant Supplies CC 6 1 6 5 5
10 Lidonga Minerals Pty Ltd 3 10 10 12 10
11 Rietspruit Crushers Pty Ltd 7 8 9 7 10
12 Prominence Mining Services CC 2 2 7 10 3

13 | MB Metals Pty Ltd 1 6 4 9 6
14 | White River Crushers CC 10 9 8 4 8

Conclusion In the mining sector, the average profit efficiency

Our paper applied stochastic frontier analysis to esti-
mate the profit efficiency of selected mining sector
firms in South Africa. The estimated model shows the
presence of stochastic frontier profit possibilities. All
variables that affect profitability of the firm are highly
significant. Mining firms in our sample have been
ranked according to their profit efficiency performance.
With few exceptions, yearly profit efficiency perform-
ances in the mining sector vary. Only a small number of
firms perform above the average efficiency of 50%.

for all 14 firms analyzed is 37%. The average profit
efficiency of 50% of firms or 7 firms is above the
overall average. These firms are: 1, 2, 5, 6, 9, 12 and
13. The average profit efficiency of 50% of the
firms or 7 firms is below the overall average. These
firms are: 3,4,7,8, 10, 11, and 14.

Profit efficiency ranking of firm numbers 3, 4, and 8
have been consistently low. Firms numbers 2 and 14
improved profit efficiency performance ranking
over this period.
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Profit efficiency benchmarking technique could
potentially be used to identify financial statement
fraud — that is the net income is overstated, rather
than understated. This could very much assist policy
makers in the internal revenue departments.

However, efficiency analysis reflects relative advan-
tage and identifies those mining firms which seem
to be more successful in obtaining lower costs or higher
profits. It does not identify why, exactly, they are more
successful. Indeed, relative success is attributed to ex-
cluded influences in a cost or profit function that are hard
to measure — such as internal productivity, the effects of
firm policies and procedures, and regional or country
business environments — so that firms further away from
the frontier are deemed to be more "inefficient".
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