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Abstract: Copper metal is one important raw material of national economy, and its security is tightly linked with industrialization
process. A comprehensive security evaluation index system, including three first class indicators, nine second class indicators and
fourteen third class indicators, was constructed based on the pressure—state—response (PSR) model. And efficacy coefficient method
was adopted in dimensionless treatment and entropy method was used to obtain the weight. Then, the data of China’s copper from
1992 to 2011 were studied and collected. By processing these data, a comprehensive safety index of China’s copper was got. The
results showed that the comprehensive safety index of China’s copper rose from its low point. The safety pressure state of China’s
copper was improved. The safety state of China’s copper continued to be tight. The response state continued to rise. The overall
situation of China’s copper safety was improving, but still not optimistic.
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1 Introduction

Copper is one important raw material of national
economy, with many sorts applied in different fields and
industries that are highly connected, and plays a vital
role in social economy development and national defense
technology. According to the rules of mineral resources
consumption, in the mid of industrialization, copper and
other commonly used metal with their products may take
the place of big iron and bloom steel as the major
consumed objects [1,2]. With the acceleration of
industrialization and urbanization, China’s need for
copper will greatly increase. Statistics indicates that the
production of refined copper was 4.58 million tons and
apparent consumption was 7.53 million tons in 2010, and
the annual growth rate reached 12% and 15% from 2006
to 2010. It was estimated that by the end of 2015, the
apparent consumption of the refined copper consumption
will reach 9.7 million tons with 5.2% annual growth rate
[3]. The safety situation of China’s copper will be more
serious.

Some research on resource safety has been made by
scholars both domestic and abroad, yet lagging behind in
general. 1) Objects of study majored in the security of

plowland, food, oil, and water resources [4—7], while
attention to the security of copper is fairly low. 2) The
research perspective focused on some fixed time in a
static way, lacking a long-term dynamic perspective to
study the evolution trajectory and its inner logic relations
of the security posture. 3) Evaluation index systems
relied on such single index as a metal’s overseas
dependency, reserve, and static warranty years to make
analysis, lacking systematic and quantification models to
make judgment of its internal mechanism. 4) Research
methods commonly used were subjective weighting
method which was limited by the evaluators’ experience
and the objectivity of a comprehensive assessment was
in question.

Based on the above-mentioned reasons, this work
introduces  “Present—State—Response”  (hereinafter
referred to as “PSR”) model to establish a
comprehensive evaluation index system of copper safety
in accordance with “Cause—Effect—Response” causal
relationship, utilizing entropy evaluation method, making
objective weight based on the index data to improve the
evaluation’s objectivity and authenticity, and by which
set up PSR comprehensive assessment index system and
entropy evaluation model of the copper security.
The system and model may help to make scientific
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assessment of copper security posture, analyze its
evolution trajectory, provide evidence for China to
complete safe-guard mechanism and policies, and
promote  sustainable development of
environment and social economy.

resources,

2 Method

2.1 Model constructing
2.1.1 Basic principle

The research core of copper security assessment is
to screen the factors that affect the safety of copper,
classify the factors to trace their inner relationship and
explain the influential process of different factors
function. In order to construct a comprehensive
evaluation model of copper safety, this work
recommends a concept framework that can reflect
sustainable development mechanism developed by
UNEP and OECD, which is PSR model [8]. PSR model
makes use of causal relationship logic of “Cause—
Effect—Response”, to elaborate the regulating and
controlling process and mechanism of sustainable
development from aspects of what, why, and how to
respond to the happened ones. “Pressure” indicates
factors from human activities, consumption patterns and
systems that development not
sustainable. The negative effect of “Pressure” is to
consume resources and produce pollution in activities of
economic and social development. “State” reflects both
economic and environmental state, the core of the
problem, which manifests what has happened.
“Response” process demonstrates the measures that
human may take in face of the present ‘“Pressure” and
“State”, whose positive effect, i.e. efficient measures, can
decrease the consumption of resources. The three

economic cause

subsystems of Pressure, State and Response are not
independent, but interactional: State is driven by human
activities (P), and regulated by social response system as
well (R) [9,10]. Utilizing PSR concept framework helps
to explain the interactional process and results of
different factors affecting the security of copper, uncover
the inner mechanism therein, and lay the foundation for
evaluating copper security posture objectively.

The PSR comprehensive assessment model of
copper security is a general framework that reflects the
interdependent and interactional relationship between
resources environment, targets of population and social
economy development and resource decision. Population
increase, speeding up urbanization and rapid
development of social economy have brought about huge
pressure to the safety of copper (P). The exhaustive way
to use copper has changed the copper’s reserve
condition, which will affect the state and ability for
human to get it in a continued, stable, timely, sufficient,
and economical way (S). The copper safety pressure
demands society to take responding solutions (R), such
as increasing input in geological exploration to find
potential copper, developing technologies to enhance the
use ratio of renewable copper, improving copper reserve
to boost national regulating ability of copper supply.
Figure 1 is the conceptual model of copper security
based on PSR theory.

2.1.2 Construction of comprehensive assessment index
system

The copper security model based on PSR is
assessed from aspects of pressure, state and response
respectively.

1) The establishment of pressure index system (P).
From the viewpoint of UNEP and OECD, economic
development, population increase and urbanization

Pressure (P)

Problems: difficulties to get copper in a
continued, stable, timely, sufficient,
and economical way
Price bearing; Safe-guard degree of supply;
Resource endowment

T

State (S)

Fig. 1 Conceptual model of copper security based on PSR Theory

Target: (direct at) population increase, rapid
economic development, speeding up urbanization
high copper consumption
Social P, Economy P, Resource P

Measures: find potential copper, enhance
use ratio, boost national regulating ability
Resource development; Resource
utilization; Emergency safe-guard

1

Response (R)
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stimulate resource consumption, and bring about
pressure to the security of resource. This work sets up a
copper pressure index system from three dimensions
which are social pressure, economy pressure and
resource pressure.

2) The establishment of state index system (S). JIN
[11] believed that China’s industrial development is
restricted by resources and environment more strikingly
than other countries in the world. Population and natural
resource factors don’t make up absolute obstacles to the
development of China’s industry, and in many ways
China has some advantages (reserves and varieties) in
resources. But China doesn’t have exceptional resource
advantages and large population makes it insufficient per
capita as the fundamental realities of the country. Heavy
resource consumption has pushed forward China’s
economy to grow rapidly for more than 30 years, and
also made economy growth approach constrained
boundary of resource and environment condition.
Reserve, investment, capacity (including transportation),
price (mechanism and endurance) are four basic
problems of industrial resources, among which price is
the core problem of supply and demand. The crisis of
industrial resources shortage that China faces today and
in the future is price, capacity and investment, and
reserves [11,12]. Accordingly, this work sets up copper
security state index system from three dimensions of
price endurance, resource safe-guard degree, and
resource endowment.

3) The establishment of response index system (R).
National Condition Group from Chinese Academy of
Sciences [13] pointed out that resource security means
the supply of natural resources to human survival and
development in a stable, lasting, timely, sufficient and
economical way. Resource safe-guard system consists of
five aspects of contents: i) protects resources, exploits
and utilizes them equitably, and establishes a resource
safe-guard system that can enable China’s development
sustainable; ii) develops potential resources, consumes
them moderately, and sets up economical system of using
resources in pursuit of efficiencys; iii) seizes opportunities
and avoids threats, sets up a trade system of safe
resources supply in two kinds of resources and two
markets; iv) promotes technological progress,
strengthens innovation, sets up technological system of
resource security; and v) coordinates the operation of
resources system, and sets up management system of
resources security. The National Ministry of Industry and
Information Technology also proposed reinforcing
resources protection and storage, and building strategic
stockpile system of nonferrous metal that enable orefield
to connect material object, and national strategic reserves
connect commercial reserves. Thus, this work establishes
a copper response index system from three dimensions of

resource  development, utilization  and
emergency security.

Based on the above theoretical analysis, this work,
in the first place, sets up a copper safety index base that
covers resource endowment, supply and demand,
technological investment, international trade, ecology,
and so on, amounting to 46 indicators, based on which a
PSR comprehensive assessment index system is
constructed for security with 3 first-class indicators, 9
second-class indicators, and 14 third-class indicators by
following the index design principles of localization,
integrity, comparability, feasibility after repeated sifting
of several experts. Table 1 shows the comprehensive
assessment system of copper security.

resource

2.2 Weight setting

This work uses entropy evaluation method to set
weight. Entropy evaluation method makes indicator
evaluation according to the quantity character of data
itself, which helps to exclude deviation that subjective
weighting method may create, and has more objectivity
and scientificalness. Entropy is a concept originated
from thermodynamics as criteria of system evolution,
with further development in information economics later.
The dispersion degree of certain indicator can be judged
by calculating entropy according to its properties.
Generally speaking, the stronger an indicator’s
dispersion degree, the higher its entropy, which means
the indicator will be influential in the analysis. On the
contrary, the lower its entropy, which means that the
indicator is little useful for the analysis. Therefore,
entropy evaluation method is a good weighting tool for
the multi-indicator comprehensive assessment.

The details for implementing the Maximum Entropy
Method are described below.

For a system of n objects characterized by a
quantity with m indices, we use X; to represent the value
of this quantity for the nth object at the jth index, with
i=1,2, -, n;and j=1,2, -, m.

1) Perform dimensionless analysis on the quantity
Xij and thus remove the incommensurability.

2) Compute the weight of contribution from the
ith year to the x value at the jth index as

X..
b = ij (i=12,--,n;j=1,2,---,m) (1)

3) Compute the entropy of the jth index as
n
1
ejz—kZ(pijlnpij) (k>0,kzmsej20) (2)
i=1

4) Compute the coefficient of variation for the jth
index, which is defined as
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Table 1 Comprehensive assessment system of copper security

First-class Second-class

Third-class

o L o Calculation formula Implication
indicator indicator indicator p
Population . Population increase causes consumption of resources
p Natural population P . P .
Increase as well as consumption of nonferrous metal via
. growth rate . .o . .
Social pressure index economic activities, to discharge pollution
pressure Urban Urban population increase, speeding up
L industrialization process, rise of big and mid-sized
development Urbanization rate e .
. cities, increase the consumption
pressure index .
of nonferrous metal directly

Pressure Economic Economy increase connects consumption of
indicator increase pressure GDP growth rate nonferrous metal tightly, and GDP growth brings

Economic index about great pressure on the security of resources

pressure .

International . . .
Imports amount of Imports increase of nonferrous metal is the price to
trade pressure . .
index nonferrous metal/GDP pay for ensuring the long-term security of resources
Resources . Reflect the intensity of nonferrous metal
Resource consumption Consumption amount of consumption, the bigger the ratio, the greater the
pressure P nonferrous metal/GDP ption, g8 e

intensity index

pressure to supply

Price bearing

Price fluctuation
ratio

Calculate according to variable
coefficient of standard
deviation in price series

Reflect fluctuation degree of copper price.
The smaller, the safer the guarantee

International
market price

Copper price in international
market of the
corresponding period

According to annual average price of copper in
international market, make clear the cost of
copper utilization

Degree of
self-sufficiency

Self-sufficiency rate=
copper output/
apparent consumption quantity

Reflect the proportion of copper supply provided by
one’s own country in total demand

Safe-guard - - - - -
State Import concentration ratio= Indicate the concentration degree of countries or
degree of
indicator supply Import sum of money spent on the front  regions from which copper imports. It connects
concentration five imported resources/ with production concentration degree as well as
ratio total money spent on imported diversification security policies. Excessive
resources concentration goes against spreading risks
. . Means the fixed number of years that the
Reserve and Reserve and production ratio= .. year ..
. . . remaining reserves may last on basis of existing
production ratio copper reserve/production .
Resource production scale
endowment .
. World proportion=
World proportion ., prop Reflect the endowment of copper. The more the
China’s copper reserve/ . .
of reserves proportional, the higher the degree of safety
world reserve
Resource Geological Copper zeological Reflect China’s metal reserve condition, the more
development prospecting ros I;Fc’ ting invegs tment the investment is, the more the possibilities to find
P investment Prosp & new metal resources are
Renewable . s .
Response ~ Resource resources output Output of secondary Reflect the proportion of copper’s reutilization
indi utilization . copper/total production against total consumption
indicator proportion pp p g p
Reflect a country’s regulating capability.
Emergency Resource National strategic The larger the reserves are, the stronger the
safe-guard reserve level reserves + firm reserves capability to regulate is, and the safer the resources
are; otherwise, the lower the degree of safety is
1—e; m m smaller the entropy value
_ i (E = _ .
j=———— =>e,0<0;<I =1 3 .
9i -E, (E JZ_‘; V=9 ’jz_‘;gl ) 3) 5) Define the weight as

The coefficient of variation is a useful quantity for
evaluating a solution. The larger the coefficient of
variation for the target quantity at the jth index, the

Wi =i

J 7 m
2.9
i=1

1<j<m)

“
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6) Compute the overall score of the security of the
copper resource in the ith year as

S; ZZ(Wj’pij) (i=12,---,m) )
j=1

2.3 Evaluation method

The indicators of copper PSR comprehensive
assessment index system are basically quantitative
indicators calculated by adopting objective data. As for
the indicator of resource reserve level that is not easy to
obtain quantitative data, it will be graded in five ranks
according to such open information of copper reserve as
reserve amount, reserve system, and so on, among which
rank 1 means no reserve at all, and rank 5 means perfect
reserve system and ample reserve.

In order to make effective comparison and
assessment of different indicators, this work deals with
the data in a dimensionless way by adopting Efficiency
Coefficient Method.

Based on the theory of multi-objective-
programming, Efficiency Coefficient Method determines
a satisfactory value and a forbidden value for each
indicator, taking the highest level that can be reached as
top satisfactory value and acceptable bottom level as
forbidden value, calculates the degree of the indicators’
achieved satisfactory value by which confirms the grade
of each indicator, then synthesizes them by weighted
geometric mean to assess the comprehensive state that
the object studied. The paper deals with the quantitative
indicators in a dimensionless way by adopting Efficiency
Coefficient Method, dividing the same indicator of
different years in five ranks, and then calculating the
average value of each rank as the basic value. A quarter
of the average highest numerical value is the excellent
value; favorable, middle, and range values can be
achieved in similar way. Then giving them coefficient of
basic value respectively, excellent value and better is 80,
favorable value and better is 60, middle value and better
is 40, range value and better is 20, worse than range
value is 0.

The score of each indicator is the sum of basic value
and adjusting value, among which the basic value score
is the standard coefficient of the present level, and the
adjusting score equals 20 times efficiency coefficient,
while efficiency coefficient=(indicator actual value—
basic value)/(the upper basic value—the present basic
value), and the space of bordering levels is 20. If the
indicator’s present numerical value is the highest, the
basic value of bordering upper level will be satisfactory
value. If the indicator’s numerical value is the lowest, the
present basic value is forbidden value.

2.4 Data sources
This work takes copper as study object, and makes

use of the copper data from 1992-2011, demonstrates the
construction process of PSR comprehensive assessment
model. Taking copper as study object is mainly due to
the following reasons. 1) China has developed to be the
biggest copper consumption country of the world, the
base of copper processing and manufacturing industry,
the copper basic products exporting country. Copper
plays an important role in China’s economic
development and resources security. 2) China is short of
copper, whose security is typical. 3) The indicators data
needed for assessing copper security can be obtained
from National Bureau of Statistics, Industry Almanac of
China’s Nonferrous Metal, China’s Mining Industry
Almanac, United States Geological Survey and wind
database [14,15]. Data are available.

The basis to take 1992 as a cutpoint is that the 14th
Congress of the Communist Party of China was
convoked in 1992, and the Congress proposed to
establish the socialist market economy system which
made 1992 the landmark year for China’s entering a
market road. From then on, China’s rapid development
of industrialization and urbanization increased the
demand and consumption of copper. The security of
copper in 1992-2011 was most typical.

3 Results and discussion

3.1 Results of indicators system

The paper deals with the indicator data in a
dimensionless way by adopting Efficiency Coefficient
Method. After normative approach, each indicator is
provided with the character of the higher numerical value
the safer condition. That is to say, the higher the
numerical value of the pressure indicators, the smaller
the pressure, and the safer; the higher numerical value of
the state indicators, the better the state, the safer; and the
higher the numerical value of response indicators, the
better the response effect, the safer. Table 2 lists the
indicators score of copper security comprehensive
assessment system.

3.2 Weight result of entropy evaluation method

According to calculation steps of entropy evaluation
method, the weighted values of the indicators of three
classes are achieved. Table 3 lists the indicators weight
of copper security comprehensive assessment.

3.3 Comprehensive assessment results

After nondimensionalization of data and indicators’
weight setting, the copper security comprehensive index
in different years and the indicator values of P, S, R are
worked out. Table 4 shows the variation of copper
security comprehensive index in 1992-2011.
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Table 2 Indicator score of copper security comprehensive assessment system

Evaluation Year
indicator 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
_ Population 77 19.9 273 289 33.0 423 49.4 53.8 585 65.0 72.4 747 743 85.8 882 90.0 90.7 100.0 96.2
1ncrease pressure
Ur;’fenslszsrt;on 100.0 97.9 959 93.9 88.3 82.8 77.5 72.5 67.5 62.5 57.2 51.4 465 41.6 38.0 33.8 30.8 272 9.1 0.0
Econg’rr;‘;:uiowm 0.0 123 26.1 46.1 589 77.8 97.5 100.0 90.1 91.4 81.5 589 57.5 40.4 292 0.0 69.3 80.3 53.2 78.1
Ime”;?::’s‘;ile“ade 59.0 80.4 96.7 100.0 89.4 92.0 91.4 81.6 61.0 68.8 68.0 56.4 44.8 37.4 253 0.0 365 389 23.7 202
Resource
consumption 0.0 21.6 58.7 79.8 98.5 100.0 96.8 87.1 63.1 53.4 38.6 29.5 33.8 36.8 57.7 38.6 663 73.6 653 89.7
intensity
Fluctuation o 0 555 311 100.0 38.0 47.1 913 673 97.0 70.1 98.1 61.6 81.9 43.4 284 42.1 0.0 95 602 61.3
coefficient of price
International ~ C0 o g1 6 651 55.5 66.0 66.6 95.1 893 86.8 98.9 100.0 88.6 56.1 489 24.6 233 244 368 20.5 0.0
market price
Self'sr‘;fc‘em 405 63.1 77.7 96.0 91.3 100.0 88.6 89.8 56.1 393 22.1 17.7 37.1 562 82.2 70.1 61.7 0.0 26.7 43.1
Import
concentration 527 52.7 52.7 27.8 46.7 53.8 663 67.9 843 68.4 89.1 100.0 98.9 95.6 82.8 98.8 0.0 20.5 32.9 36.7
degree
Reserveand 0 075 202 161 0.0 98.0 860 822 617 617 100.0 962 94.7 77.9 577 532 66.1 602 473 473
production ratio
Reserve proportion 20.4 20.4 20.0 20.0 20.0 100.0 60.0 60.0 60.0 60.0 78.1 90.5 90.5 90.5 78.1 61.4 82.6 929 558 52.5
Geological
prospecting 0.0 9.0 23.5 267 30.4 358 42.0 44.0 49.3 545 61.8 63.4 65.0 68.9 80.0 81.1 86.5 91.0 95.5 100.0
investment
Renewable ¢ 5 21 6 ¢34 100.0 87.9 617 38.6 42.1 258 222 23 0.0 389 41.0 694 64.1 63.0 522 853 90.5
resources
Stratefr:;erfsewe 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 80.0 80.0 80.0 80.0 80.0 100.0 100.0 100.0
Table 3 Indicator weight of copper security comprehensive assessment
First class Second class Third class
Indicator Weight Indicator Weight Indicator Weight
. Population increase 0.0852
Social pressure 0.1635
Pressure Urbanization 0.0783
indicator 0.3995 Economic increase 0.0972
(P) Economic pressure 0.1705
International trade 0.0733
Resource pressure 0.0656 Consumption intensity 0.0656
. . Price fluctuation coefficient 0.0742
Price bearing 0.1493
International market price 0.0752
State .
e Self-sufficient rat 0.0738
indicator 0.4245 Supply safe-guard degree 0.1396 ei-sutiicient rate
(S) Import concentration degree 0.0659
R d production rati 0.0784
Resource endowment 0.1356 eserve and procduction ratio
Reserve proportion in the world 0.0571
Response Resource development 0.0805 Geological prospecting investment 0.0805
indicator 0.1759 Resource utilization 0.0850 Production proportion of renewable resources  0.0850
R)
Emergency security 0.0104 Strategic reserve index 0.0104
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Table 4 Variation of copper security comprehensive index in 1992-2011
Assessment Year
indicator 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Population
increase 0 0.65 169 233 246 281 3.60 421 459 498 553 6.16 636 633 7.31 7.51 7.67 7.73 852 8.19
pressure
Urs:‘:;:arton 783 7.67 7.51 735 692 648 6.07 5.68 529 4890 448 4.03 3.64 326 297 265 241 213 071 0
u
Economic
growth 0 1.20 2.54 448 573 7.56 948 9.72 876 8.88 792 573 559 392 284 0 6.73 7.80 5.17 7.59
pressure
International
trade 432 589 7.09 733 6.55 6.74 670 598 447 504 498 414 329 274 185 0 268 285 1.73 148
pressure
Resources
consumption 0 1.42 3.85 523 6.46 6.56 635 571 4.14 350 253 193 222 241 379 253 435 483 428 588
intensity
Sum of
pressure 12.15 16.83 22.68 26.72 28.11 30.15 32.20 31.30 27.25 27.30 25.44 21.99 21.09 18.66 18.76 12.69 23.83 25.33 20.42 23.14
indicators
Price
fluctuation 6.67 4.09 230 742 282 349 6.77 499 7.19 520 728 456 6.08 322 211 312 0 0.70 447 454
coefficient
International s 0\ 6 14 480 417 496 501 715 671 652 744 752 666 422 367 185 175 184 276 154 0
market price
Self-
Sufficient 299 4.65 574 7.09 6.73 738 6.54 6.62 4.14 290 1.63 1.30 2.74 4.14 6.07 5.17 455 O 1.97 3.18
ratio
Import
concentration 3.47 3.47 347 183 3.07 3.54 436 447 555 451 587 6.59 652 630 545 6.51 0 1.35 2.17 242
degree
Reserve and
Production 194 1.76 159 126 0 768 6.75 645 484 484 784 754 743 6.11 453 4.17 518 4.72 371 3.71
ratio
Reserve
X 1.16 1.16 1.14 1.14 1.14 571 343 343 343 343 446 5.17 517 517 446 351 472 531 3.19 3.00
proportion
f stat
S?m;,o tsae 21.24 21.28 19.13 22.91 18.72 32.82 35.00 32.67 31.67 28.31 34.60 31.83 32.15 28.61 24.47 24.24 1629 14.85 17.04 16.85
mdicators
Geological
Prospecting 0 073 189 2.15 245 288 338 354 397 439 497 511 524 555 644 653 697 7.33 7.69 8.05
investment
Renewable
7.10 6.09 7.09 8.50 747 524 328 3.58 2.19 1.89 020 0.00 331 3.49 590 545 536 443 726 7.70
resources
Strategic
reserve 062 0.62 062 0.62 0.62 062 0.62 0.62 0.62 062 062 0.62 083 083 0.83 083 0.83 1.04 1.04 1.04
index
Sum of
response 772 744 9.61 11.28 10.54 874 7.28 7.75 6.78 690 580 5.73 938 9.87 13.17 12.82 13.16 12.80 15.99 16.79
indicators
Security
comprehensive 41.11 45.56 51.42 60.91 57.38 71.71 74.48 71.72 65.70 62.51 65.83 59.54 62.62 57.14 56.40 49.74 53.28 52.98 53.45 56.78

index
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3.4 Simulated result of security trajectory
3.4.1 Overall situation of China’s copper security

According to the partition of China’s
industrialization periods made by ZHU [16], it was
pre-industrialization period in 1949—1972, initial period
in 1973-1994, and mid stage from 1995 till now. ZHU
predicted that China’s mid industrialization stage would
end in 2014 and enter later stage in 2015. Therefore, the
period in 1992-2011 was mainly at the mid stage of
China’s  industrialization, ~which was copper’s
concentrated action period with great amount of demand
and serious security situation.

It was shown that the mean value of China’s copper
comprehensive security index in 19922011 was 58.51,
which was at a comparatively low point. Figure 2
displays that the copper security index rose from 41.11 in
1992 to 74.48 in 1998, a summit of history, but fell
continuously hereafter until to the low ebb of 49.74 in
2007. Then the security index of copper rose somewhat,
and reached 56.78 in 2011, yet still 17.7 lower than the
summit value in 1998. It illustrates that the general
security situation of China’s copper improved a little
compared to that in 2007, but the index remained at a
low level, fluctuated greatly, which made the security
situation of China’s copper not optimistic.
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Fig. 2 Variation of China’s copper security trajectory based on
PSR model (1992-2011)

3.4.2 China’s copper security pressure

As displayed in Fig. 3, China’s copper security
pressure index rose from 30.41 in 1992 to 57.93 in 2011.
The pressure index of copper security increased rapidly
from 1992, until it arrived at the maximum value of
80.59 in 1998. From 1992 to 1998, the natural population
growth rate dropped from 1.16% to 1%, GDP growth
rate dropped from 14.2% to 7.8%, the percentage of
copper import volume in GDP dropped constantly. The
copper consumption intensity maintained at a level of 75
tons per hundred million Yuan after it fell below 100 tons

per hundred million Yuan in 1994. The conditions of
social pressure, economic pressure and resource pressure
were improved during this period. Starting from 1999,
with China’s recovery from Asian Financial Crisis and
accession to the WTO, the growth rate of GDP rose and
urbanization rate advanced year by year. Until 2007,
China’s urbanization rate was approaching 45%. Social
and economic development enlarged the demanded
volume of copper, which made import rise greatly, and
the pressure index of copper security fall to 31.75 in
2007, 48.84 lower than the maximum value in 1998.
From 2008 on, the security pressure index improved
once more and rose to 57.93 in 2011, during the period
of which natural population growth rate kept a level of
0.5%, a mild economic rate of below 10%, resource
consumption intensity recovered to the level of 1994. On
the whole, during the 20 years from 1992 to 2011, the
copper security condition was changing with population
increase, economic development and urbanization
process.

100

Pressure indicator State indicator

80T ;,’\\‘_‘/

60

Value

407

Fig. 3 Score variation of copper security pressure, state and
response indicators (1992—-2011)

3.4.3 China’s copper security state

As displayed in Fig. 3, the copper security index
was under the value of 50 from 1992 to 1997, the
variable coefficient was about 0.1 during this period with
huge fluctuation in price, and international market price
was at a high order of more than 2000 $/t; Import
concentration was relatively high, top 5 countries
accounted for nearly 40% of total China’s copper imports,
and meanwhile the resource endowment was in bad state.
The copper security state improved somewhat, and the
security index fluctuated slightly from 1998 to 2002,
maintained a fair level during the five years, the average
value of security state index was 76.43. From 2002, the
copper security state was continuously in tension, and
security state index dropped constantly, fell from 81.49
in 2002 to 39.69 in 2011, dropped 41.8 in ten years,
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decreasing amplitude was 51%. China’s copper security
state was constantly in tension.
3.4.4 China’s copper security response

China’s copper security response has significant
improvement in the past 20 years. As displayed in Fig. 3,
the security response index was 43.88 in 1992 and 95.43
in 2011 with the index rising by 117%. During this
period, the country’s investment in copper geological
prospecting increased continuously. The share of
renewable copper amounted to 40% of total copper
production in 2011. The copper reserve system was
perfected gradually. Government and enterprises
responded to copper security from aspects of increasing
supply, strengthening

regulation, and response level rose continuously.

improving efficiency and

4 Conclusions

1) According to “Cause—Effect—Response” logic of
relation, based on PSR model, a copper security
comprehensive assessment model was established, which
includes 3 first-class indicators, 9 second-class indicators,
and 14 third-class indicators. The model deals with data
in a dimensionless way by adopting Efficiency
Coefficient Method, and uses entropy evaluation method
which is more subjective and scientific to set indicators’
weight to exclude deviation caused by subjective
weighting.

2) Making use of PSR comprehensive assessment
model of copper security, China’s copper security
situation from 1992 to 2011 was analyzed. This studies
disclosed that China’s demand of copper was increasing
with the progress of industrialization and urbanization,
and the average value of copper security comprehensive
index was 58.51 in the past 20 years. Although the index
rose from a low point started from 2008, security
pressure was improving and response level was
promoting, yet the security state was constantly intension.
China’s overall security situation of copper was far from
being optimistic.

3) According to the weight proportion, the copper
security state index was most important for improving
the comprehensive index of copper security. The copper
security state index was influenced by other indicators
including price endurance, resource safe-guard degree,
and resource endowment. The price of copper is the
outcome of game by the parties, which is not easy to
control. As a result, in order to improve China’s copper
security state, more attention should be paid on
improving resource safe-guard degree and resource. On
the basis of the global allocation of resource, it is
necessary to increase the development and utilization of

secondary copper and low grade copper mine, and
establish diversified safe-guard channels of copper

supply.
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