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ABSTRACT

This paper presents a SBM model with variable of negative output, based on slack variable, then we divide the
whol e society into economic development system and social governance system, eval uate economic development and
social governance efficiency of 31 provinces of China during 2010-2012 with negative output SBM model, SBM
network model and dynamic network SBM model. The results showed that the Midwest provinces kept good
economic efficiency these years, while the eastern provinces continuously decreased; the Midwest provinces also
kept good social governance efficiency, which derives from better natural environment and less population, Beijing,
Tianjin, Shanghai and Zhejiang both kept social governance efficiency, which derives from perfect economy
transition and social security system. As for network effect, most provinces network efficiency are lower than single
efficiency except Xizang. As for dynamic effect, Fujian and Guizhou is not positive of single efficiency but positive
on dynamic efficiency, which shows the two provinces have good recycling of resources.
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INTRODUCTION

Over the past 30 years, China’s extensive developmedel has caused a lot of social problems intiaddto the
economic growth. These problems are embodied inr@mwental pollution and social stability. Undereth
conditions of limited resources, how to balance éhenomic development and the social governanckiceethe
environmental pollution, reasonably distribute #ueial wealth and maximize the efficiency of reseutuse has
become the main problems faced by China’s econamit social transformation. In this paper, the whaaleiety
has been divided into the economic developmenesysind the social governance system. Based on\&aicible,
SBM model with negative output has been proposedssto evaluate the efficiency of economic develeptm
system and social governance system; the threestii@uwastes and the financial revenue generagegicbnomic
development system act on the social governanderayand the network effects between subsystemgrasented.
Therefore, it is required to introduce the netwSBBM model. At the same time, the production atdheent stage
will be applied to all stages in future, so the ayic effects have been considered in this papasgo analyze the
comprehensive efficiency of more systems.

EFFICIENCY EVALUATION METHOD BASED ON SBM MODEL

1. SBM model

SBM model is firstly proposed by Tone (2001) whicbludes three variable models: input model, outpadel and
undirected model. The undirected model is the natiggn of input model and output model. It has begédely
applied. Therefore, the undirected model is empldyethis paper. Assuming that there argecision-making units

MU, (j =1,2,..,n)

and each decision-making unFt) hasm kinds of inputs and kinds of outputs. The input

T
vector and the output vector of decision-makir@M U, dan represented as(xii’xzi"" X ) and

370



Chunguang Gu et al J. Chem. Pharm. Res,, 2015, 7(3):370-377

.
(Y12 Yaj0-0¥5) . Then, the input-output matrix composed by allisiea-making units can be defined as
follows:

X = (X Xareee %) g = (Vs Voreee s Yo)

Production possibility set can be represented as:

P:{(wao) X2 > A%, 08y, <> Ay, 2 0}
j=1 i=1

Through introducing the slack variables, the indifjuaonstraints can be transformed into the edqualdnstraints:

=Y AX +s. v.=> Ay —-s*
% ,Z:l:" % Y ;’y’ % s 20,5 20

Thus, the undirected SBM model established by Tamebe represented as:

o 18, 18 sfo*ﬂ
G =min|| 1- =) 0 | /| 1+ =) O

S.t.:

=Y AX +S, V. => Ay —-s.’
% ,Z:;‘" o Yo ,Zi‘ i "o S, 20,5, 20420

0 T = =
When8 =1 , % =05 0 All input and output slack volumes are zé¢inen the decision-making unit is the
effective SBM. The above undirected SBM model isoalinear programming, which can be transformed the
linear programming by charnes-cooper (1962). Taesfiormation results are as follows:

rD:min(t—izs‘L]
mi= )go
S.t.:
1:t+1'2i

Sr=1 yro

tx, :lemj +s,” (=1....m)
=

Yo =le/1,-'yr,- -5, (r=1....5)
j:

A’ 20,5,720s,"20f>C

1&s”
t: 1+7 T — —e
}/[ S; yro] /]j. :t/‘j'SO :tSo’Sro :tsro

Among them, ,

2. Properties of negative output and negative input aswell asthe treatment methods

In the economic system, some products can be otlipaigh entering certain input. Some productsdemanded
by us, such as profits and GDP, etc. And thereats® some non-desired outputs, for example, treethrdustrial
wastes are harmful to the environment and the mtamtu efficiency of decision-making unit can be wedd. This
kind of output is called the negative output. Time ¢hat is contrast to the negative output is #gwgative input. It is
usually hoped that more outputs can be obtained feiter inputs. However, for the negative inputsihoped that
the negative inputs of enterprises should be nforegexample, the enterprises should take the soegdonsibility
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in the production process of products.

Currently, the treatment of negative input hasbesn systematically outlined and the model resesronh negative
input are rarely involved. According to the relewvaharacteristics of negative input, several tremtimmethods are
proposed: (1) it is required to give the negativeights to negative input. The negative input ibestitreated as an
input. All inputs should be conducted the weightethmation and the weight of negative input is rigga(2) it is
necessary to respectively calculate the technfialency and the social responsibility efficiendyhe positive input
is mainly used in creating the corporate profitfdon the technical efficiency; the negative infmita matter of
corporate responsibility to form the social resghifisy efficiency. In the specific evaluation, thevo efficiencies
can be respectively calculated and the total efficy can be obtained through the weighted summatiomvo
efficiencies. (3) It is demanded to adopt the tremit method that is contrary to the negative outbat example,
the distance function method selects the improvémmethod that can reduce the positive input andease the
negative input; the negative input and the positiygit change with the opposite ratio; the negaitinyit is treated
as the output, etc.

3. SBM model with negative output and negative input

According to the analysis on the characteristiceadative output and negative input, the negativipud should
become as small as possible and the negative styoutid become as large as possible, i.e. the negatitput has
the similar nature of input variables and the negahput has the similar nature of output variabl€herefore, the
negative output is considered as the input variabhtkthe negative input is considered as the owigmidble in this
paper. The basic SBM model is expanded so as #@mtite SBM model with negative output and negaitipeait:

@'=min | 1I-a= -5~ 1+a} S +6L1n$n+ﬂ
H i Xo b;zoj/( S=r Yo n;%

S.t.:
X :Z/]jxj +S0 Yo :z/]jyj' ~S, Uy :z/]juj tS, %4 :Z/]jzj ~So

j=1 j=1 j=L =1

> A =15, 205, 205, = 05,, = 04, > (

=

- + - +
Among them, So , Sro ,510 and%O respectively represent thatipe input, the positive output and the
slack variable of negative input and negative outpli (1 =1:2. 31 represents the weight vector of the

provincial decision-making unit. It is required reeet a+p=1 angwt0=1 «a andﬁ respectively refer to
the weight distribution between positive input aredjative output. The policymakers can give thesdiifit values in
accordance with experience and preference, whinhreffect the trade-offs of policymakers betweea tesource

conservation and the reduction of pollution emissio & and? respectively represent the weight disiobuof

positive output and negative input. The policymakean give the different values, which can refteet trade-offs
of policymakers between the pursuit of maximum bess benefits and the social responsibility. Simidahe basic
model, the SBM model with negative output and niggahput also belongs to the nonlinear model whiah be
transformed into the linear programming throughroba-cooper.

EMPIRICAL RESEARCH

In this paper, the economic development and théakgovernance are adopted to expect to obtain e mo
reasonable efficiency evaluation value while asegsshe performance of Chinese mainland’'s 31 pragin
administrative regions. And the efficiency improvemhdirections are also provided.

1. Description of Chinese economy and social gover nance system

In this paper, the provincial decision-making uite divided into the economic development systeththe social
governance system (Figure 1).The economic developgystem refers that a certain human and matesalurces
are input to produce the various material goodselsas some unnecessary negative output (suchvé®emental
pollutants). The social governance system is mausgd to solve the social environmental problend te
employment ¢ can be promoted through the socialrggcAt the same time, through the environmeirtaut, the
environmental pollution generated by economic dgwelent system can be processed and the livingamaint of
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people can be improved. The economic developmestesyand the social governance system are notasol@he
economic revenue of positive output of economicettigyment system can be used in the social secamidythe
environmental input of social governance system.rnégative output of economic development systesh as the
three industrial wastes and the wealth gap carohsidered as the input of social governance syst¢rthe same
time, the harmonious environment formed by the wutg social governance system and the value geteiay
treatment of three industrial wastes will form aitive effect on the economic development system.

Input Outpu

Economic

development
A

v

three utilization value
industrial of three wastes
wastes . stabilizing
wealth-ga v
Input ~ .
Social governance

system

P

Output

A
v

Fig. 1 Relationship between economic development system and social gover nance system

2. Evaluation index selection and results analysis

In view of the dynamic and network effects, theateg input indicators are difficult to be quarddi In this paper,
the negative output is brought into the model. Adow to the selected index, the provincial adntiais/e units are
considered as the decision-making units and thexirtthta of 31 provincial administrative units inlRER012 are
collected. The data are from the China Statistitssirbook, the China Environment Statistical Yeakbaad the
China Energy Statistical Yearbook.

Table 1 Economic development efficiency and social gover nance efficiency of each provincein 2010-2012

Decision-making unit Economic development efficiency  Social governarffieiency
2010 2011 2012 2010 2011 2012
Beijing 0.3475 0.3456 0.3443 1 0.6151 1
Tianjin 0.4755 0.4446 0.4346 1 1 1
Hebei 0.4184 0.4865 0.3743 0.4408 0.42P3  0.4369
Shanxi 0.4072 0.4066 0.4091 0.4786 0.4839 0.5093
Inner Mongolia 0.5244 0.4124 0.4133 0.44 0.4408 3944
Liaoning 0.3799 0.381 0.3852 0.4267 0.43B5 0.4426
Jilin 0.4393 0.4581 0.4725 0.438L 0.4587 0.4974
Heilongjiang 0.4328 0.4306 0.4419 0.4797 0.4742 9184
Shanghai 0.3619 0.3532 0.3562 0.4689 0.464 0.4[755
Jiangsu 0.3495 0.3531 0.3498 0.4185 0.4206 0.4423
Zhejiang 0.3535 0.3576 0.3572 0.4718 0.4569 0.4713
Anhui 0.3919 0.4531 0.4591 1 0.4505 0.4908
Fujian 0.3814 0.384 0.3891 0.4472 0.4548 0.4885
Jiangxi 1 1 0.5885 0.423] 0.4315 0.4408
Shandong 0.3806 0.4545 0.3587| 0.4419 0.4415 0.4353
Henan 1 1 1 0.4234 0.4309 0.44943
Hubei 0.3797 0.3882 0.3922 0.4704 0.44f¢7 0.4856
Hunan 0.3873 0.3835 0.3883 0.4302 0.4292 0.4274
Guangdong 0.3435 0.3471 0.3481 0.4084 0.4087 0.3914
Guangxi 0.398 0.406 0.4128 0.4351 0.43p6  0.4435
Hainan 1 1 1 0.5417| 0.5144 0.5329
Chongging 0.4142 0.4377 0.4523 0.5165 0.4991 0.5879
Sichuan 0.3801 0.3975 0.388 0.4264 0.4317 0.4508
Guizhou 0.4489 0.4103 0.4116 0.4639 1 0.5157
Yunnan 0.4099 0.4149 0.4197 0.4202 0.4229 0.4133
Xizang 1 1 1 1 1 1
Shanxi 0.5887 0.4207 0.4303 0.4953 0.4687 0.5176
Gansu 0.4752 0.4906 0.5154 1 1 1
Qinghai 1 1 1 1 1 1
Ningxia 0.7265 0.6626 0.6248 1 1 1
Xinjiang 0.5312 0.5073 1 1 1 0.7766
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In this paper, the positive input and the negativéput are put in the equally important positiorssAming that

a ::I/Zandﬂ:]/2 , as the negative input index is not considesed,w:]- ,6’:0 .The collected data are
brought in the SBM model with negative output anelytare processed by Matlab. The obtained residtastable
1.

Overall, some economically developed provinces agBeijing, Shanghai, Tianjin and Zhejiang havil paore
attention to the social governance when the econmmgradually matured. The governments stress thezat
development of economic society; however, somerakahd western provinces such as Jiangxi, HendrHaman
are more concerned about the economic growth amddhial governance efficiency is relatively lovther few
provinces are in the adjustment period and the @oinefficiency as well as the social governandiiehcy has
greater volatility.

EFFICIENCY EVALUATION METHOD BASED ON DYNAMIC AND NETWORK SBM MODEL

1. Network SBM model

According to the SBM basic model and the empiriesdearches on economic development system and socia
governance system, the network SBM model is defased

g -zzw}a&%—ﬁ}“ zvv
T | mMi=X ) BiEd gkr—

ZX/]k X< - Zy/l"—ym+s Zu")l"—ulo s Z/l"—l

A20s 208 208 20j=1..,3k= 1,

)

k k k
X u
The definition of each variable is similar to forlay1), = , yfi and ' represent the input, the positivepout

and the negative output of th& decision-making unit of the" subsystem.SO ,Sfo ,SO andSqo
respectively represent the slack variables of p@siinput, positive output, negative output and ateg input.

1 — Al
)Ii (1=12... ’31‘Represents the weight vector of each provincialsitew-making unit. & andﬁ represent
the weight proportions of positive input and negatutput, which should medtt =1 . According to the a&bov
index selection, it is found that the economic depment system and the social governance systepectgely
have three positive inputs, three positive outpmi$ a negative output. Therefond=3; n?=3; b’=1; b’=1; g'=3;
2
g=3.

As formula (2) is the non-linear programming modehich can be transformed into the linear prograngmi
through charnes-cooper. The transformed modelagstas:

2 1 m Sf;i 11 b Siif
=min Q- ;2 éxﬁ +_2F ;ul‘j
S.t.:
2 g g’
r =1
Q+k22 g° ;y“

ro

no

31 _ _ -

kt ykt — kt kt
2 XA = Qg =S
=

31 _ o+

ki y kt — kt kt
D VA = Qg +s"
=1
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Among them,
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2. Dynamic network SBM model
Based on the existing dynamic DEA researches, yhardic network DEA model is constructed by Tonel@0and

the dynamic network SBM model with negative outigytroposed. The specific model is as follows:

3 2 1 ni‘gn‘z_ 1 H‘g:)_
i W I R
=mMn —
o 3 2 1 gk gq*
2N\ T 5 25 .
| ro 3

S.t.:
S kt gkt kt Kt
an,/]i =% TS,
=

31 .

kt 9kt — |kt kt
D VA =yt
=

r

Ij lo

31
dae=1
j=1

20 ¢ 20 s° 20 §* 20

2 kt ykt kt ko
D UuA =us -
j=1

Among them,

j=1...,31k=12t= 2010,2011, 20:
The definitions of each variable in model (3) areilar to the ones in model (1) and model (2). Tedghts vectors
of positive input and negative output ar@ aﬁd at+ p=1 khba satisfied. In this paper, the positive input

and the negative output are put into the equallpartant position, name@/ =B=1/2 . For the weight
between the economic development system and thal gmyvernance system, the economic developmentiand
social governance are equally important. The ecamdewvelopment is the basis to construct the hgaltitiety and

— 2 —
the safe and stable social environmental is trerrial driving force of economic development,Vglo— w=1/2
For the time weigh#/, the economic development and social governanizeid2010-2012 have been selected and

o . WROL0 =\ 2011 =y 20121/ 3
it is thought that each year should have the equeibht, so . Of course, the
decision-makers can change the weights in time wiéin@ according to their own preferences, suclthasncrease
of the weights of the nearest year and the reductidhe weights of the farthest year.
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3. Empirical analysis

3.1 Compar ative analysis of theempirical results under network effects

The data collected from the China Statistical Yeak) the China Environment Statistical Yearbook #rel China
Energy Statistical Yearbook are brought into thevoek SBM model and the results are shown as fatow

Table.2 Network system efficiency of each provincein 2010-2012

Decision-making units 2010 2011 2012

Beijing 0.3213 0.3456 0.3433
Tianjin 0.4251 0.4789 0.4346
Hebei 0.2439 0.2548 0.1545
Shanxi 0.1847 0.171 0.2066
Inner Mongolia 0.248 0.1462 0.1711
Liaoning 0.1156 0.1339 0.1479
Jilin 0.2044 0.2259 0.3001
Heilongjiang 0.2198 0.172 0.2109
Shanghai 0.3543 0.3724 0.3562
Jiangsu 0.3495 0.3531 0.1947
Zhejiang 0.3535 0.3576 0.3572
Anhui 0.1684 0.2195 0.2086
Fujian 0.2015 0.2427 0.1827
Jiangxi 0.2988 1 0.3362
Shandong 0.2265 0.3082 0.1782
Henan 0.5923 0.5516 0.5392
Hubei 0.1497 0.1567 0.1531
Hunan 0.1548 0.1541 0.1707
Guangdong 0.1203 0.1954 0.1186
Guangxi 0.1936 0.2662 0.1724
Hainan 1 1 1
Chongging 0.1843 0.2262 0.2157
Sichuan 0.1234 0.1456 0.1187
Guizhou 0.2531 0.175 0.1752
Yunnan 0.4099 0.4149 0.4197
Xizang 1 1 1
Shanxi 0.2211 0.1715 0.185
Gansu 0.2584 0.2689 0.2818
Qinghai 0.6392 0.4015 0.6492
Ningxia 0.7265 0.6626 0.6248
Xinjiang 0.2787 0.2856 0.8435
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Fig.2 Changing trends of the network system scores of each province in 2010- 2012

According to the analysis of the provinces with lwious economic efficiency and social governandiiehcy
such as Hebei, Liaoning, Anhui, Hunan, Sichuan 8hdnxi, it is found that the network efficiency thfese
provinces is significantly behind other provincedyile the advantages of the provinces such asmgijTianjin,
Shanghai and Zhejiang are more obvious under ttveonle efficiency. It is indicated that there is immportant link
between the economic development system and thel gmvernance system. The economic developmentland
social governance promote each other and the wdfbtgency scores are higher. Otherwise, the wiedfeeiency
scores of the decision-making units are lower. &fwee, it is more reasonable to evaluate the efiicy of
provincial units from the network.

Comparative analysis of the empirical results under the dynamic network effects
The same economic development and social governadeses are selected. The collected index dat20i0-
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2012 are brought into the dynamic network SBM motlkE results are shown as follows (Table 7):

Table.3 Scores of dynamic networ k efficiency of each provincein 2010-2012

AL Scores of dynamic
A — St

work efficiency

il
vopurys

vloRuopy Jauny
norgs

Suhayg
e

12q

Fig.3 Changing trends of dynamic network efficiency of each provincein 2010- 2012

In Table 3 and Figure 3, it is found that only thaamic network efficiency score of Xizang react®4, which is

consistent with the economic development efficieacy the social governance efficiency in singleyetarhe

efficiency of Hainan and Ningxia is also consistaith the network efficiency, the economic efficognand the
social governance efficiency in the analysis ofjenstage. The higher efficiency of these provinisesecause of
the distinctive natural resources. In recent yetirsy have undertaken the industrial transfer ded economic
development has been gradually accelerated. Ibre imteresting that the efficiency scores of Fgiand Guizhou
are not significant compared with other provindast they have higher efficiency scores in dynanmialgsis. It

may be that the two provinces do better in the dyoaecycling of resources.

CONCLUSION

The SBM model with negative output, the network SBhdel and the dynamic network SBM model are
respectively applied in evaluating the economiceli@ment efficiency and the social governance iefficy of 31
provincial administrative units in this paper. Aodimg to the single-cycle evaluation results, ifaand that some
central and western provinces such as Xizang, IMmngolia and Chongging have maintained higher eoon
efficiency in recent years. In contrast, the ecoigoefficiency of coastal economically developedaardas been
decreased. In the aspect of social governancecah&al and western provinces such as Xizang, Q@inghd
Ningxia have maintained better social governantieieficy due to the better natural environment, lsprapulation
and less investment in environmental governance déveloped areas such as Beijing, Tianjin, Shanae
Zhejiang have higher social governance efficienthese areas have gradually completed the economic
transformation and a more perfect system has bstbleshed in the aspect of social security. Actwydo the
analysis of the network effects composed by ecooaameivelopment system and social governance system,
network efficiency of most provinces is lower thidue single efficiency. The three efficiency valudsxizang all
reach to 1. Through the analysis of dynamic netvedficiency, it is found that the efficiency scomesFujian and
Guizhou in single stage are not significant ands thave better scores in dynamic efficiency, whictlicates that
the two provinces have done relatively well in #ispect of dynamic recycling use of resources.
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