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Abstract: Since 2009, Chinese nonferrous metals industry has been carried out industry consolidation with strong support by the
central government. This work examined technical efficiency of Chinese nonferrous metals firms and its change during the period of
2007 and 2011. Based on financial data from nonferrous metals listed companies, technical efficiency of nonferrous metal minerals
mining firms and nonferrous metal smelting, pressing and processing firms was estimated respectively using the data envelopment
analysis (DEA) method. It was found that, in both sectors, number of pure technical and scale inefficient firms dominated over
efficient ones. Overall, their technical and scale efficiency tended to be very low after 2009. In particular, efficiency scores of
nonferrous metal smelting, pressing and processing firms fluctuated greatly during the research period. And a limited number of large
leading firms were able to maintain 100% efficiency score in the industry, while efficiency of most of other leading firms has
declined since 2009.
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1 Introduction

It is well known that nonferrous metals are essential
raw materials and strategic resources in the development
of national economy, the construction of national defense
and the progress of science and technology. Therefore,
nowadays many countries are actively promoting the
development of nonferrous metals industry and
increasing nonferrous metals’ strategic reserve. Although
Chinese nonferrous metals industry has developed very
rapidly since the reform of 1979, there are many
problems revealed from the process. For example, in the
upstream chains of the nonferrous metals industry, price
of raw materials of nonferrous metals has remained on a
rising trend and has fluctuated frequently. Some small
enterprises disorderly exploit mines, and the level of
resource protection is not high; in the middle chains,
productive capacity has expanded at a high speed, but
mostly is low-end production with dispersed operation,
high level of energy consumption, serious destruction of
ecological environment and resources waste; for the

downstream chains, many productions are in small scale,
leading to a low degree of industry concentration and
high level of energy consumption. Aluminum, copper,
and lead are claimed as products of overcapacity [1].

In order to solve above problems, the Chinese
government has issued a series of governance policies
since 2009, including “the Nonferrous Metals Industry
Revitalization Plan” (2009), “the Nonferrous Metals 12th
Five-Year Plan” (2010) and “Renewable Nonferrous
Metals Industry Development Promotion Plan” (2011),
etc. The core of policies is to carry on industrial
consolidation in the nonferrous metals industry.
Consolidation occurs when firms serving one particular
market merge together for the purpose of seeking
long-term competitive advantage [2]. In “the Nonferrous
Metals Industry Revitalization Plan” (2009), it has been
targeted to form 3—5 strong and integrated conglomerates.
By 2011, proportions of the top ten domestic copper,
aluminum, lead and zinc enterprises in the national total
production were increased to 90%, 70%, 60% and 60%
respectively. And in “China’s Rare Earths Situation and
Policy White Paper” (2012), it has been proposed to do
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industrial integration and foster large, efficient and clean
companies.

The central government promotes industrial
consolidation, aiming at not only improving efficiency of
resources use and production, but also protection of
ecological environment, development of industrial
technology and resource security [3]. The government
tends to rely on large enterprises or conglomerates to
agglomerate advantage resources. The process of
industrial consolidation is thus targeted as a process led
by a number of large enterprise groups and to achieve
structural adjustment and efficiency optimization in the
nonferrous metals industry [1].

Because, first of all, it is usually assumed that large
conglomerates are able to gain economies of scale and
scope, reducing long-term average cost, so as to optimize
resource allocation and productive efficiency. In the
meanwhile, expansion of the scale of enterprises can
greatly enhance the competitiveness in the market and
the ability of bearing losses and risk-taking. Secondly,
being specialized and relatively abundant in capital, large
enterprises groups could have more input in research and
development (R&D), and achieve a leading position in
the industry as regards technological progress and
innovation. After all, technological cost and risk are high,
which can be borne by large enterprises. In the
meanwhile, scale economies in technological research
also require a high level of investment in R&D.
Moreover, due to relatively complete structure of
corporate governance, there is more pressure for leading
enterprises’ corporate social responsibility. Therefore,
those firms have to pay more attention to environmental
protection. They are also more likely to invest funds and
resources in energy saving for cost incentives.

One way to evaluate market performance of
industrial consolidation is to examine firms’ efficiency
from a micro perspective. In the economics literature,
“efficiency” usually refers to “Pareto optimality” or
“Pareto efficiency”, i.e. an economic state where
resources are allocated in the most efficient manner.
Efficiency of a particular firm then is more specifically
to refer to the business’s productive efficiency,
indicating the firm’s input-output relation [4]. FARRELL
[5] distinguished between “technical efficiency” and
“allocative efficiency”. Assuming that input is fixed, the
ratio of a particular firm’s actual output and the potential
maximum output is defined as technical efficiency;
allocative efficiency addresses the issue of distributing
given resources to achieve the right mixture to maximize
the benefits and minimize the cost. Because
measurement of technical efficiency doesn’t require data
on price of each production input, it is practically useful
and most research concentrates mainly on technical
efficiency to undertake efficiency analysis.

In the exiting literatures, there is limited research on
measuring technical efficiency of nonferrous metals
firms. Current research has evaluated efficiency from the
aggregate sector and regional level. For example,
ZHENG and XIE [6] used the industrial aggregate input
and output data and the data envelopment analysis
(DEA) model to estimate the effectiveness of decision
making units and returns to scale, and then carried out an
overall evaluation and analysis of Chinese nonferrous
metals industry. They pointed out that, currently China’s
metal industry was in a stage of diminishing returns to
scale, therefore metal enterprises cannot merely rely on
labor, capital and other production factors to improve
yield. ZHENG and CHAI [7] used BCC model to
analyze nonferrous metals industries in 29 provinces in
2008. They found that, DEA efficiency score of
nonferrous industries reaches 100% only in five
provinces and cities including Beijing and Shanghai.
They claimed that it is likely caused by generally low
scale efficiency and technical efficiency across regions.
On the whole, efficiency study using aggregate data at
industry and regional levels can be useful in
demonstrating how Chinese nonferrous metals industry
has improved efficiency in recent decades. However, it
ignored differences between enterprises. We argue that
efficiency analysis based on enterprise data is more
precise in reflecting how various enterprises have used
inputs to produce outputs.

This work is to estimate technical efficiency of
China’s nonferrous metals firms and its change from
2007 to 2011 when the industry was undertaking
industrial consolidation. Based on financial data from
nonferrous metals listed companies, we estimate
technical efficiency of nonferrous metal minerals mining
enterprises and nonferrous metal smelting, pressing and
processing enterprises respectively by using DEA
method. We pay particular attention to leading firms’
technical efficiency change during the period. By doing
so, we aim to contribute to literatures by evaluating
market performance of industrial consolidation from a
micro-level and presenting suggestions for efficiency
improvement.

2 Method and model

2.1 Methods of efficiency analysis

Based on FARRELL’s [5] definition of technical
efficiency, the frontier production function has been
developed as the dominant method to measure technical
efficiency of firms [4,8]. Depending on estimating
parameters in the frontier production function, this
method can be subdivided into parametric and
nonparametric approaches. 1) The parametric approach
needs to specify the efficiency frontier function before



Ping WEI, et al/Trans. Nonferrous Met. Soc. China 23(2013) 2797-2806 2799

computation. It takes account of interference from
random error and therefore has a small degree of
dispersion. However, it also requires good size of
samples, and has complex computation [9,10]. The most
commonly used parameter estimation method is
Stochastic Frontier analysis (SFA), developed by
AIGNER et al [11] from 1970s. 2) The nonparametric

approach uses linear programming to calculate efficiency.

Its efficiency value is a relative term, measuring the gap
between inefficient firms and reference sets. The
approach is weak in distinguishing various ways of
deviation from efficient frontiers, thus can not separate
random error from others. But it has advantage in
avoiding the setting error, namely it does not need to
specify the frontier production function for a studied
industry, so as to avoid bias caused by subjective
specification. In the meanwhile, it can be well applied to
production of multiple inputs and multiple outputs.
Among nonparametric approaches, the DEA method
developed by CHARNES et al [12] is the mostly applied
in recent studies.

This work used DEA model to estimate Chinese
nonferrous metals firms’ technical efficiency for the
following reasons: 1) Existing studies on technical
efficiency of Chinese nonferrous metals enterprises are
very limited, resulting in a limited understanding on
relationships between inputs and outputs in the industry.
The DEA method can overcome specification problems
associated with the statistical frontier methods. 2) The
DEA method can well serve cases where production is in
multiple inputs and outputs, while the parametric
approach is very complex in computation when applied
to same cases. If there is any bias on the error term
probability distribution hypothesis, it will influence
accuracy of efficiency evaluation. 3) BANKER et al [13]
suggested that the DEA model is suitable for estimating
efficiency of small size of samples, and is stable in
measuring efficiency frontiers.

2.2 DEA model

FARE and LOVELL [14] claimed that under the
condition of variable returns to scale, technical efficiency
(i. e. total technical efficiency) of a particular firm can be
measured by two multiplicative components: one is pure
technical efficiency, and the other component is scale
efficiency. Pure technical efficiency measures levels of
production technology using feasible sets of efficient
inputs to produce maximum outputs,
management capacity within an organization. Therefore,
it could reflect resource inefficiency caused by lag in
technology, poor management or mistakes in strategic
decision-makings. Scale efficiency, on the other end, is
usually used to judge whether the company is in the
optimal production scale.

as well as

A firm’s technical efficiency can be calculated
through the CCR model [12]. CCR model is suitable for
efficiency evaluation of a DMU (decision making unit)
under the assumption of constant returns to scale. An
efficient DMU specifically means its production scale is
efficient and technical level is high relative to other units
under studied. The CCR model to evaluate a DMU
technology efficiency is shown in Eq. (1):
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where the all input vector of DMU can be expressed
with X=(xy;, x;, **, x,-j)T, and x; is defined as input 7 in
DMU; all output vector of DMU can be expressed with
Y~=01, ¥y > vi)'s and y; is defined as output i in
DMU: ¢ is an Archimedes infinitesimal; S and S~ are
slack variables; d, /;, S*, S are the optimal solution. 1)
When =1 and §'=S =0, it means that DMU is efficient;
2) When =1, S" and S~ are not 0 at the same time, it
suggests DMU is not efficient for both pure technical
efficiency and scale efficiency, therefore DMU is
weakly efficient; 3) When J'=1, it means that DMU is not

n
efficient. If Z/lj =1, DMU is in constant returns to
Jj=1

scale; if Z/l ;>1, DMU is in decreasing returns to scale;
j=1
if 2/1/ <1, DMU is in increasing returns to scale
j=1
[15,16].

The above equation is used to estimate technical
efficiency. To get pure technical efficiency, we need to
use the BCC model. The BCC model was developed
further from the CCR model by BANKER et al [12]. The
model is without the assumption of constant returns to
scale, its equation is shown as

MinLe—g(elTS +e,8" )J_ Vi

st ) AX 48T =6X )
Jj=1

Z/w -8t =
2/11:1
Jj=1

ﬂ'/ Zo’j:Lzs“'$n
S*>0,5 >0

(2)




2800 Ping WEI, et al/Trans. Nonferrous Met. Soc. China 23(2013) 2797-2806

where the all input vector of DMU can be expressed with
X=(xy), X5, *°*, xi,-)T, and x;;is defined as input i in DMU;
all output vector of DMU can be expressed with Y=(yy;,
Yottt y,j)T, and y;; is defined as output i in DMU; ¢ is an
Archimedes infinitesimal; A is the coefficient to make
linear combination; S* and S~ are slack variables; 8 is the
optimal solution to evaluate DMU’s pure technical
efficiency. 1) When 6=1, S'=5 =0, it means that DMU is
efficient; 2) When 6=1, S" and S~ are not 0 at the same
time, DMU is weakly efficient; 3) When 6=1, DMU is
not efficient.

Scale efficiency can be measured by technical
efficiency dividing pure technical efficiency. If S is scale
efficiency score of a DMU, we can use the above two
equations to get S=6/60. When S=1, it is suggested that
DMU is efficient in scale economy; when S<I, it is
inefficient, possibly in increasing or decreasing returns to
scale.

2.3 Main input/output variables

One important issue of DEA analysis is to define
inputs and outputs. Like other industries, nonferrous
metals firms use materials, capital and labor to produce
products. Therefore, we use total asset, operational cost
and number of employees as input indicators, and use
operational revenue, asset turnover and net return on
equity (ROE) as output measurement.

Because ROEs of some sampled firms are negative
and different input and output variables have different
measurement dimensions, we cannot use those financial
data directly with DEA computation. Therefore,
following WANG et al [17], we use Eq. (3) to do
dimensionless transition for input data and use Eq. (4) to
do dimensionless transition for output data.

Y. - max x; —x; 3)

ij .
maxxj mlnxj

Yyy—miny;
Y; S At 4)

[/ .
maxyj mlnyj

2.4 Data description
Our dataset consists of nonferrous metals listed
companies between 2007 and 2011. According to the

category standards published by China Securities
Regulatory Commission, the main business of sampled
firms is limited to nonferrous metal business only. To
examine further, we distinguish between the nonferrous
metal minerals mining group and the nonferrous metal
smelting, pressing and processing group and have
computed efficiency score respectively. The subdivision
is to reflect differences in input endowments and
technology among production processes for those two
groups of firms. We have excluded firms which have
incomplete financial data and eventually our sample
consists of 12 representative firms in the nonferrous
metal minerals mining group and 30 firms in the
nonferrous metal smelting, pressing and processing
group. Tables 1 and 2 give summary statistics on main
input and output variables.

The financial data used in our study are drawn from
the GTA database and Tencent finance. We use DEAP
2.1 to estimate DEA efficiency score.

3 Results and discussion

3.1 Nonferrous metal minerals mining firms

Table 3 presents pure technical efficiency and scale
efficiency of nonferrous metal minerals mining firms.
Only three firms maintained 100% efficiency score over
five years and dominate other firms. They are Shandong
Gold (Shandong Huangjin), Zhongjin Gold (Zhongjin
Huangjin) and Zijin Mining (Zijin Kuangye). The 100%
efficiency score indicates that those firms are at least the
best performer on one particular dimension. Except 2007,
number of firms inefficient in pure technical and scale
efficiency dominated over efficient ones during the
research period. This indicates that technical efficiency
levels of Chinese nonferrous metal minerals mining
firms need to be further improved. It is worth pointing
out that, after 2007, the average score of pure technical
efficiency of sample firms has declined greatly, while the
value of scale efficiency has slightly decreased. The
results imply that industrial consolidation carried out
from 2009 seems not to generate expected industrial
optimization effect.

According to total asset size in 2011, the top five
leading companies are Zijin Mining (Zijin Kuangye),

Table 1 Summary statistics on nonferrous metal minerals mining firms

Operational cost ~ Number of employees

Total asset

Operational revenue  Asset turnover ~ Net return on equity

Year

Mean  Std. dev. Mean Std. dev. Mean

Std. dev.

Mean  Std.dev. Mean Std.dev. Mean  Std. dev.

2007 3.57x10° 3.64x10° 4683.079

2008 5.28x10° 6.19x10° 7161.25 6508.943 7.39x10° 8.21x10°
2009 6.6x10° 7.8x10°  8090.5  8162.328 8.63x10° 9.05x10°
2010 8.23x10° 9.6x10°  8556.083

2011 1.12x10" 1.28x10"°  9026.75

3540.984 4.34x10° 4.63x10°

4.73x10° 4.13x10° 1.464955 1.735598 0.468561 0.591274
6.82x10° 7.26x10° 1.079432 1300838 0.180263 0.20476
7.97x10° 9.14x10° 0.206146 0.362664 0.096402 0.108775

8576.169 1.04x10'" 1.11x10" 1.02x10" 1.16x10' 0.963348 1.030519 0.136437 0.101697
8395.563 1.37x10" 1.46x10" 1.38x10' 1.55x10'" 1.072838 0.909982 0.213724 0.161392




Ping WEI, et al/Trans. Nonferrous Met. Soc. China 23(2013) 2797-2806

Table 2 Summary statistics on nonferrous metal smelting, pressing and processing firms

2801

Operational cost

Number of employees

Total asset

Operational revenue

Asset turnover

Net return on equity

Year
Mean  Std. dev. Mean Std. dev. Mean  Std. dev. Mean Std. dev. Mean  Std. dev. Mean  Std. dev.
2007 8.56x10° 1.33x10" 7996 16848.61 9.16x10° 1.78x10" 1.02x10" 1.01x10" 1.578999 1.051676 0.156452 0.105032
2008 9.16x10° 1.55x10'° 8943.767 19427.33 1.08x10' 2.47x10" 1.64x10" 1.71x10" 1.326075 1.088898 —0.01736 0.231088
2009 8.29x10° 1.48x10" 9163.6  19376.08 1.08x10' 2.47x10" 9.1x10° 1.55x10'° 1.102247 1.064283 0.056435 0.051124
2010 1.27x10" 2.4x10"  9496.967 1959421 1.43x10'° 2.67x10" 1.39x10' 2.58x10'" 1.299198 1.173388 0.054915 0.139544
2011 1.64x10" 3.16x10" 9829733 1822231 1.64x10'" 2.99x10'" 1.81x10'" 3.38x10'" 1.424809 1.371884 —0.2794 1.66134
Table 3 Estimated pure technical efficiency and scale efficiency of nonferrous metal minerals mining firms
Pure technical efficiency Scale efficiency
Company
2007 2008 2009 2010 2011 2007 2008 2009 2010 2011
Chenzhou Mining
(Chenzhou 0.416124 0379652 0.356446 0.38605 0.312538  0.655035 0.475022 0.515474 0.626078 0.988678
Kuangye)
Yunnan Chihong
Zn & Ge 1 0.433028 0.402932 0.420741 0.396685 1 0.54804 0.57657 0.484554 0.51246
(Chihong Xizhe)
Guangdong Rising
(Guangsheng  0.578982 0.368223 0.34231 0.354341 0.568393  0.921046 0.527036 0.700785 0.537778 0.769753
Youse)
Jinduicheng
Molybdenum 1 0.457454 0.42165 0.419123 0.329028 0.958425 0.97137 0.447176 0.416233 0.478947
(Jinmu Gufen)
Shandong Gold
(Shandong 1 1 1 1 1 1 1 1 1
Huangjin)
Shengda
(Shengda 0.359671 0.356799 0.330754 0.338589 0.474359 0.231126 0.224129 0.206476 0.663378
Kuangye)
Chengtun Mining
(Shengtun 1 0.689405 0.331742 0.340944 0.275422 1 0.871125 0.260289 0.263842 0.253052
Kuangye)
Western Mining
(Xibu 1 0.82178 0.834466 0.658759 0.485332 1 0.738403 0.79826 0.667346 0.625516
Kuangye)
Western
Resources 0.361304 1 1 0.596542 0.277494  0.442631 0.827793 0.44898 0.669575 0.792952
(Xibu Ziyuan)
Zhongjin Gold
(Zhongjin 1 1 1 1 1 1 1 1 1
Huangjin)
China Nonferrous
Metal 1 0.45937 0.418582 0.428988 0.358944 1 0.548833 0.496241 0.465056 0.749985
(Zhongse Gufen)
Zijin Mining _ _
(Zijin Kuangye) ! ! ! ! ! ! !
Mean 0.792371 0.663809 0.619907 0.578673 0.583653  0.859227 0.728229 0.622325 0.611412 0.736227
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Western Mining (Xibu Kuangye), Zhongjin Gold
(Zhongjin Huangjin), Yunnan Chihong Zn & Ge
(Chihong Xinzhe) and Jinduicheng Molybdenum (Jinmu
Gufen). Figures 1 and 2 provide the top five leading
firms’ efficiency score over 2007-2011. And Table 4
presents the number of mergers and acquisitions for part
of sampled firms. In Table 4, Zijin Mining (Zijin
Kuangye) and Zhongjin Gold (Zhongjin Huangjin)
dominate other firms with regard to both numbers of
mergers and acquisitions and value of transactions. These
two firms were also technical efficient over five years,
while the other three firms were inefficient with declined
value from 2007. In particular, three firms’ efficiency
scores have decreased significantly between 2007—2008.

3.2 Nonferrous metal
processing firms

According to their total asset size in 2011, the top

five leading companies in the nonferrous metal smelting,

pressing and processing sector are Chinalco (Zhongguo

Lvye), Jiangxi Copper (Jiangxi Tongye), Yunnan Copper

smelting, pressing and

1.2 = Yunnan Chihong Zn & Ge = Jinduicheng Molybdenum
= Western Mining = Zhongjin Gold
= Zijin Mining
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Fig. 1 Pure technical efficiency of 5 leading enterprises from
2007 to 2011
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Fig. 2 Scale technical efficiency of 5 leading enterprises from
2007 to 2011

Table 4 Mergers and acquisitions from 2007 to 2011

Number of Value of
Company mergers and transactions/
acquisitions (RMB Yuan)
Zijin Mining 9
(Zijin Kuangye) 19 3.1479347x10
Zhongjin Gold 9
(Zhongjin Huangjin) 13 >6.2692179%10
Western Mining 9
(Xibu Kuangye) 6 1.7685745%10
Yunnan Chihong Zn & 9
Ge (Chihong Xinzhe) 6 2.2149905x10
Shandong Gold 9
(Shandong Huangjin) 6 3.3313405x10
Chenzhou Mining 8
(Chenzhou Kuangye) 6 4.278088x10
Guangdong Rising ) _
(Guangsheng Youse)
Western Resources 3
(Xibu Ziyuan) 2 1.030535%10
Jinduicheng
Molybdenum 1 3.168887x10°
(Jinmu Gufen)
Chengtun Mining 7
(Shengtun Kuangye) ! 6.666x10

Source: Wind Database

(Yunnan Tongye), Zhongfu (Zhongfu Shiye) and
Nanshan Aluminum (Nanshen Lvye).

Estimated pure technical efficiency and scale
efficiency of nonferrous metal minerals mining firms are
demonstrated in Table 5. As shown in Table 5, from 2007
to 2011, the average value of both pure technical
efficiency and scale efficiency has experienced a
dramatically fluctuation. Efficiency scores reached a
peak in 2009 with a mean value of 0.707831 (pure
technical efficiency) and 0.9999102 (scale efficiency)
respectively, and then declined to a level slightly lower
than that in 2007. Among the sampled firms, Chinalco
(Zhongguo Lvye) as the largest firm by asset size has
been efficient through 2007-2011. Chinalco is very
active in asset restructure. The company has taken on a
number of vertical integration activities along upstream
and downstream chains since 2004. In the meanwhile,
the company has engaged into the copper and rare earth
market to operate horizontal and conglomerate mergers
and acquisitions. As shown in Table 6, Chinalco has
carried out 22 mergers and acquisitions between 2007
and 2011, involving over 415 million RMB. Yuan
Jiangxi Copper (Jiangxi Tongye) has been efficient in
pure technical efficiency after 2009, but it is offset by its
inefficiency in scale efficiency over years, resulting in a
relative low technical efficiency score.
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Table 5 Estimated pure technical efficiency and scale efficiency of nonferrous metal smelting, pressing and processing firms

Compan Pure technical efficiency Scale efficiency
pany 2007 2008 2009 2010 2011 2007 2008 2009 2010 2011
Baotou Steel Rare-Farth | 3051 111354 057171 1 | 0.866392 0.979214 0.999147 0.158852 0.116163
(Baogang Xitu)
Baoji Titanium 0.102543 0.103026 0.461962 0.10324 0.120126  0.934269 0.903435 0.998525 0.975858 0.859507
(Baotai Gufen)
Alcha Alumini
cha AUMIMUM ) 5 1604 0.168687 0.468201 0.292849 0.136273  0.801115 0.881882 0.999441 0.458547 0.865644
(Changlv Gufen)
Orient Tantalum 0.101164 0.101084 0.559892 0.251936 0.238371  0.678885 0.896947 0.999123 0.439133 0.433195
(Dongfang Danye)
Dongliang New Material | 1 1 1 1 0.728138 0.780423 0.997524 0.56896 0.571438
(Dongliang Xincai)
ino-platinum Metal
Sino-platinum Metals 37005 (172797 0494126 0.364056 0240747 0905268 0.878055 0999689 0441068 0.657724
(Guiyan Boye)
Hailiang 0.641083 0.440692 0.921603 0.617816 0330634 0.574768 0.815364 0.995489 0.296048 0.518028
(Hailiang Gufen)
Hongda 0.108685 0.107386 0.905557 0.109081 0.163275 0.932759 0.861906 0.998182 0.66188 0.669178
(Hongda Gufen)
ien Nickel
Jien Nicke 0.564675 0.103289 0.611884 0.149233 0.114254 0.219068 0.820619 0.999303 0.728584 0.944312
(Jien Nieye)
Jiangxi copper 0.537009 0.618997 1 1 1 0.823027 0.854657 1 0344126 0.525558
(Jiangxi Tongye)
Jiaozuo Wanfang 1 0272445 0.817214 0275521 0.359351  0.202467 0.839832 0.999955 0.531594 0.35352
(Jiaozuo Wanfang)
ingch
Jingeheng Copper ) 507000 (461252 0.604581 0.59005 0337274 0720493 077454 0998954 0438498 0.64122
(Jingcheng Tongye)
Nanshan Aluminum 10600109728 0719744 0237082 0206024 073663 0.946478 0999577 0.508993 0.552643
(Nanshan Lvye)
Ningbo Fubang 0202583 0.184172 0.496848 0.53384 0.188864 0.823188 0.863345 0.99951 0.268089 0.758562
(Ningbo Fubang)

Pangang Group Steel
Vanadium & Titanium  0.680464 0.539934 0.946409 0.754019 0.640331  0.792589 0.836254 0.999156 0.371841 0.4798
(Pangang Fantai)
Western Metal Materials
(Xibu Cailiao)

Tin Group (Xiye Gufen) 0.319298 0.246133 0.714244 0.343048 0.31635  0.647782 0.838406 0.999454 0.368838 0.372101
Xiamen Tungsten
(Xiamen Wuye)
Joinworld
(Xinjiang Zhonghe)
Xinke New Materials
(Xinke Cailiao)
Yuguang Gold & Lead
(Yuguang Jingian)
Yunhai Special Metal
(Yunhai Jinshu)
Yunnan Aluminium
(Yunlv Gufen)
Yunnan Copper
(Yunnan Tongye)
Zhongfu
(Zhongfu Shiye)
Chinalco
(Zhongguo Lvye)
Zhongjin Linnan
(Zhongjin Linnan)
Zhuzhou Smelter
(Zhuye Jituan)
Luoping Zinc &
Electricity (*ST Xindian)
Huludao Zinc
(*ST Xinye)

Mean 0.360556 0.277961 0.707831 0.419239 0.344964 0.771270 0.875307 0.999102 0.534036 0.636040

0.13417 0.156373 0.566684 0.189999 0.101155  0.909294 0.892943 0.999181 0.559763 0.996689

0.108234 0.105823 0.81619  0.48801 0.546786  0.684051 0.921315 0.999905 0.266968 0.203998

0.101758 0.101456 0.804063 0.464077 0.206187  0.855288 0.841057 0.999942 0.265494 0.507054

0.483238 0.344551 0.51304 0.263363 0.260228  0.74975 0.810285 0.99963 0.646762 0.695535

0.464977 0.41454 0.812574 0.39692 0.254416 0.768124 0.819033 0.999633 0.455258 0.645027

0.253675 0.236734 0.464162 0.179581 0.159654 0.786391 0.832287 0.999252 0.71491 0.813057

0.173554 0.157737 0.492237 0.107777 0.137395  0.898317 0.917922 0.998709 0.987444 0.79407

0.394823 0.232748 0.873674 0.484116 0.285512  0.848731 0.908943 0.999714 0.308499 0.4703

0.161294 0.161298 0.905688 0.312642 0.165679  0.886284 0.911701 0.996683 0.386722 0.694198

0.161026 0.161349 0.895951 0.556042 0.403652  0.890049 0.89974 0.999291 0.244517 0.329584

0.576263 0.258425 0.583137 0.284114 0.216941 0.761299 0.859084 0.998968 0.704126 0.75351

0.18745 0.132392 0.501106 0.11739  0.109272  0.835564 0.927897 0.999921 0.927528 0.96034

0.182496 0.134424  0.62245 0.111354 0.110172  0.878119 0.945648 0.999188 0.992188 0.899235
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Table 6 Mergers and acquisitions from 2007 to 2011

Number of mergers Value of transactions

Company and acquisitions (RMB Yuan)
Chinalco .
(Zhongguo Lvye) 22 >4.1519408%10
Yunnan Copper 9 > 008330 1x10°
(Yunnan Tongye) .
Zhongjin Linnan .
(Zhongjin Linnan) 7 8.2750x10
Zhongfu ;
(Zhongfu Shiye) 4 3.548.3x10
Jiangxi Copper 4 B
(Jiangxi Tongye)
Jiaozuo Wanfang ;
(Jiaozuo Wanfang) 2 1.909897x10
Tin Group 5 -
(Xiye Gufen)
Orient Tantalum .
(Dongfang Danye) 2 >2.186657x10
Hongda ]
(Hongda Gufen) 2 7.426x10
Baotou Steel
Rare-Earth 1 4.651516x10°
(Baogang Xitu)
Jien Nickel .
(Jien Nieye) 1 1.0000%10
Nanshan Aluminum | 326035 10°

(Nanshan Lvye)

Source: Wind Database

Other leading firms, including Yunnan Copper
(Yunnan Tongye), Zhongfu (Zhongfu Shiye) and
Nanshan Aluminum (Nanshan Lvye), have engaged with
some mergers and acquisitions, but overall have had a
poor performance. Their technical efficiency score
fluctuated greatly during the period with a rising trend
between 2007 and 2009, then a declining trend from
2009 to 2011 (Figures 3 and 4). By 2011, their pure
technical efficiency scores were extremely low, showing
a large gap away from the efficient production frontiers.
Furthermore, their scale efficiency scores in 2011 were
even lower than in 2007. It is interesting to observe that,
two small firms (by asset size), the Dongliang New
Material
Rare-Earth (Baogang Xitu), performed well. The

(Dongliang  Xincai) and Baotou Steel
Dongliang New Material as a firm focusing on new
materials market was efficient in pure technical
efficiency, having a relative high efficient score in scale
economies over five years. Baotou Steel Rare-Earth
(Baogang Xitu) is a leading firm in the Chinese Rare
Earth market. The company achieved 100% pure

technical efficiency in 2010 and 2011. However, it
performed extremely weak in scale economy. This
suggested where the company could improve in order to
become efficient.

1.2 m Jiangxi Copper

. = Zhongfu
e Nanshan Aluminum = Chinalco
m Yunnan Copper
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Fig. 3 Pure technical efficiency of 5 leading enterprises from
2007 to 2011

1.2 m Jiangxi Copper
&2 Nanshan Aluminum
w Yunnan Copper
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Fig. 4 Scale efficiency of 5 leading enterprises during 2007 to
2011

3.3 Discussion

To summarize, in both nonferrous metal minerals
mining sector and nonferrous metal smelting, pressing
and processing sector, inefficient firms account for a
large part of samples. And in spite of industrial
consolidation strongly supported by the central
government since 2009, the average value of efficiency
score was low in recent years between 2009 and 2011.
For most of the sampled firms, lower technical efficiency
was mainly attributed to lower pure technical efficiency.
As we mentioned before, pure technical efficiency
measures could reflect resource inefficiency caused by
lag in technology, poor management or mistakes in
strategic  decision-makings, which suggests that
nonferrous metals companies should focus on technical
progress and improve management in order to become
efficient.
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DEA analysis also shows that efficiency score of
nonferrous metal smelting, pressing and processing firms
have fluctuated significantly during 2007-2009. There
are a large number of small and medium-sized
enterprises concentrated in this sector and competition is
intensive. As one of key object of governance policy, it is
very likely that the industry has been impacted more by
industrial policy.

We also observe that, technical efficiency score of
some firms which are actively engaged with industrial
consolidation activities have declined after 2009, such as
Western Mining (Xibu Kuangye), Yunnan Copper

(Yunan Tongye) and Zhongjin Linnan (Zhongjin Linnan).

Part of reasons could be that they are still in an early
stage of asset integration. Asset integration, either
vertical or horizontal, is composed of a process of
organizational restructure, production restructure and
institutional reform, which take times and likely cause a
decline in resource productivity for the first few years of
mergers and acquisitions. However, low technical
efficiency score after mergers or acquisitions is also
likely caused by irrational modes of industrial
consolidation undertaken. XU et al [3] and LUO [18]
have pointed out that in the process of government-led
industrial consolidation, it is likely to have some mergers
and acquisitions cross regions which did not take account
of natural resource endowment. Some integrative
activities were merely following policy guidance without
considering businesses’ development needs. And in some
regions conflicts between state-owned enterprises and
local firms were evident, which directly impacted modes
of industrial consolidation chosen.

4 Conclusions

1) By estimating technical efficiency (including
pure technical efficiency and scale efficiency) of Chinese
nonferrous metals firms during the period from 2007 to
2011, it was found that, in both nonferrous metal
minerals mining sector and nonferrous metal smelting,
pressing and processing sector, numbers of technical
inefficient firms are much more than efficient ones. And
for most of the sampled firms, lower technical efficiency
was mainly attributed to lower pure technical efficiency.
Therefore, nonferrous metals companies should focus on
technical progress and improve management in order to
become efficient. Moreover, in spite of industrial
consolidation strongly supported by the central
government and widely undertaken in the industry since
2009, pure technical efficiency and scale efficiency
scores of most of sampled firms have declined more or
less between 2007 and 2011.

2) Part of leading firms by asset size were able to
maintain 100% efficiency score, but some other leading

firms have significantly lowered their technical
efficiency in recent years, far away from the efficient
production frontiers. It is worth pointing out that a few of
leading firms, including Chinalco (Zhongguo Lvye),
Zijin Mining (Zijin Kuangye) and Zhongjin Gold
(Zhongjin Huangjin), scored the best performance all
through the research period. This might be relevant to
their development paths. Taking Chinalco (Zhongguo
Lvye) for an example, if tracing back to its development
history, the company has started to carry out cross-region
and cross-ownership integration activities since 2004.
Early engagement in mergers and acquisitions seems to
positively contribute to concentration of advantage
resources and coordinated development of management
and technology.

3) DEA analysis shows how much inefficient firms
need to improve their productivity in order to become
efficient. Some of suggestions are as follows: Chinese
nonferrous metal firms should focus on improving their
pure technical efficiency in order to enhance their
technical efficiency. To do so, firms need to strengthen
their management capacity, cut down decision-making
mistakes and improve utilization rate of resources. One
needs to pay attention to leading roles of top large firms.
It is meaningful to industrial  core
competitiveness through knowledge innovation of
leading firms, as well as to booster technical progress of
small and medium-sized enterprises through those firms’
spillover effect. Government-led industrial consolidation
need to be transferred towards market led activities. Only
by doing so, the process of industrial consolidation will
generate expected returns on structural optimization.

cultivate
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