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ABSTRACT

In the environmental accounting elements, there are many fuzzy
phenomenonythis paper provides a fuzzy synthesis evaluation model of
entropy weight with the consideration of entropy theory. The related
indicators are computed through fuzzy synthesis evaluation method and
entropy theory, so the provided model can provide a help for the
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measurement of environmental accounting. Finally, theresults of example

prove the feasibility of thismodel in practice.
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INTRODUCTION

With therapid development of modernindustry, the
material resources and the ecologica environment has
presented the growing signsof failure, so that the natu-
ra materia foundation of thegloba economic devel-
opment ismoved. To solvethisproblem, somewestern
scholars began to study on coordinated devel opment
of economic and environment sincethe 1970s, envi-
ronmenta accounting theory cameinto being. Environ-
mental accounting began inthe 1970sin theworld,
Beams (F.A.Beams) published an articleof The social
cost of pollution control conversion study ontheAc-
counting Monthly in 1971; Marin (J.T. Marlin,) pub-
lished anarticleof Accounting problemsof pollutionon
theAccounting Monthly phasell in 1973. Theaccount-
ing theory of western countries beganto combinethe
environmenta issueswith accounting theory sncethat,
and began the study of environmental accounting and
environmentd reporting, and formed apreiminary theo-

retica framework!¥. Themeasurement of environmen-
tal accounting isthe process of recording economic
business of environment as accounting elementsfor-
mally andincluded intheaccounting statementsand de-
termining itsamount. There are many measurement
methods for environmental accounting
researchydomestic main views are: opportunity cost
method, shadow pricemethod and fuzzy mathematics
method, themarket vaue or productivity method, hu-
man capital or income loss method, protective cost
method, therecovery cost or replacement cost method,
environmentd index converson method, energy andy-
sisand ecological footprint analysis, etc.[ZXie Shi Fen
(2004) research on environmenta accounting measure-
ment with thefair value; who thinksit isthemost im-
portant method of measurement®. Thispaper onthe
bagisof previousstiudies, theentropy optimization theory
and fuzzy mathematicsrelated theory areintroduced
into the environment accounting measurement,which
providesascientificand feasible method.
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ENVIRONMENT ACCOUNTING THEORY

Environmenta accounting isaccounting theory and
methodsof recognition, measurement, reveding, andyds
accordingtordevant environmenta legid ation and regu-
lations. It usesmonetary asthe main unitsof measure-
ment, it usesthe specialized methodsto confirm the
gainsand losses of social resourcesand environment
caused by theenterprise, it providesenvironmental in-
formation for decison-makers.

Theobject of environmentd accountingisthecycle
that enterprisesconsumeand compensateenvironmentd
resources constantly. Consume of environmental re-
sourcerefersto theenvironmenta pollution caused by
the consumption of resourcesout of control, major ac-
cidents, waste discharge, loss of ecological deteriora-
tion, and the natural resources consumption over the
fixed use caused by production, storage and transpor-
tation, and sales process of enterprise Compensation
of environmental resourcesrefersto the cost of envi-
ronmental protection caused by the pollution control of
enterprise, environmental improvement and sewage
charges, finesand compensation submitted tothe state
or otherg™,

Themeasurement of environmental accountingis
the process of recording economic business of envi-
ronment as accounting e ementsformally andincluded
intheaccounting Satementsand determiningitsamounn.
Themeasurement of environmenta accounting can be
used by followingways:

»  Theopportunity cost method. Becausethenet so-
cial benefit of someresourcescan not bedirectly
estimated, so the opportunity cost of environmen-
tal resourcesisvery useful totheeconomic benefits
or economic lossto the measurement of environ-
mental quality change. Thelandisan environmentd
assets, the value of theland may be measured by
the opportunity cost method. For example, there
are4800 acresof land, theland of theoriginal three
quartersof crops,per acre netincomeof $350,there
isanannua year-on-year rate of 2% of the output,
discount rateis 10%, the net present valueis4.15
millionin24 years. If build thechemicd plant, the
net present valueis20 millionin 24 years. There-
fore, theopportunity cost of cropsis20 million; the
opportunity cost of the chemicd plantis4.15mil-

lion.

»  Shadow pricemethod. Pricing ideaof the shadow
priceisthemargina opportunity cost (MOC) of
resource, al costsof consumption of anatura re-
source borne by the social, intheory, it should be
the price P paid by users for their behavior, P=
MOC. WhenP<MOC, itwill simulatetheexces-
Sveuseof resources, when P>MOC, itwill inhibit
thenormal consumption. Shadow pricesremedy
thedefect of thetraditiona resourceeconomicsthat
ignoretheenvironmental costs of resourceor the
interestsof victimsand future generations, it can be
aseffectivedecison-making criterion used toiden-
tify westher relevant resourcesand environmental
protection policiesand measuresarereasonable.

»  Fuzzy mathematics method. Fuzzy mathematicsis
abranch of mathemati csbased onfuzzy. Thevaue
of environmental resources system isacomplex
system, it isasystem that natural and economic
and socid interact and influence each other. When
the complexity of the system increases, the accu-
rate ability to reduce. When it comesto acertain
extent, the complexity and accuracy are mutually
exclusive, so weare hereto solvethe problem of
environmenta accounting measurement with afuzzy
concept. For example, thereareal ot of fuzzy things
inthemeasurement of thevalueof water resources,
it can be measured by fuzzy mathematics method.
Let A bethefactorsof water resourcesvaue, A =
(A1,A2,A3,A4). Amongthem, theA1: water qua-
ity; A2: Thequantity of water; A3: Thepopulation
density; A4 national income. Q istheevauation
vector, Q= (high, higher, generd, lower, and low).
K isthe evaluation matrix. Q = A x K. S is the
pricevector of thewater resources. V isthe price
of water, V = Q x S, therefore, V=A x K x S,
Thus the price of water resources can be calcu-
lated.

ENTROPY WEIGHT FUZZY SYNTHESIS
EVALUATION MODEL
Calculation of entr opy weight

“Entropy” originated in Greek™ rPOzn “, means the
capacity of the change. In 1856, German physicists
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R.Clausiusintroduced the entropy concept into ther-
modynamics, and soon got recognition of thermody-
namicsand statistical mechanicsexperts, and thenthis
theory was applied to thewider fields.
Thereisaprobability experiment whichmay behas

many independent resultsas a,, 8, ,- -+, a,, andwesup-
pose these results are the discrete probability as
P, Pssee, P, they meet probability rationdity formula:

> p=land p,20(i=12,n) Q)
Thediscreteinformation entropy function can be

expressed asformula:

S= _Zin=1 p Inp, @)
Theentropy of factor can becdculated by usngfor-

mula(2), assuming thereisamatrix (M) , thecalcula-

tion stepsareshown such asformula(3) - formula(6):
1) Wecan computetheweight of thefirst j indexes

m; intheindex, namely

P, Py =M, /zin:lmj (©)
2) Wecan computetheentropy of thefirst j indexes,
namely
S, =-kX., Py Inpy “)
3)We can compute the deviation degree of thefirst |
indexes, namdy

d, =1-S,(j=12,--,n) ©®)

4)We can computetheentropy weight of thefirstj in-
dexes, namely

d, (1-S)

Through the above steps, we can find out the cor-
responding entropy weight, it can providedatasupport
for thefuzzy synthesisevad uation method®.

Fuzzy setstheory

Thefuzzy setstheory was put forward by the auto-
matic control experts Chad (L.A.Zadeh) intheinfor-
mation and control in 1965, which wasused to repre-
sent the uncertainty of things. Fuzzy synthesisevaua-
tion method was akind of synthesi seva uation method
based on thefuzzy mathematics; the synthesiseva ua
tion method transformed the quditativeevauationinto
quantitative eval uation on the basi s of fuzzy member-
ship degreetheory, which used fuzzy mathematicsto
makean overd| evaluation to thingsor object restricted
by variousfactors.

Definition 1 Membership Function
Supposethereisatheory fied

U if u,(X):U —>[01] ()
Then it saysthat u,(X ) is membership degree

of X e A, thus u, (X ) ismembershipfunctionof A.

Definition 2 Fuzzy Synthetic Operator
We can get fuzzy matrix according to the fuzzy
synthesisevaluation, the cal culation such asformula

8):

i My o T

=Rl g5 g5l TS s s

T 7

w2 T T

Among, WW =[x g, -+ m,] is theory

field of evaluated objects; r; expressed asfuzzy rela-

W, = n' =— ,(j =12,---,n) © tion matrix of secondary index for each comment set;
> 19, > L1=S)) nov isfuzzy synthetic operator, therearefour calcula-
tionways, featuressuch asTABLE 1.
TABLE 1: Respectiveexpression for four kindsof synthetic operator
Operator
Feature
M (A,v) M(o,v) M(A,®) M(e,®)

Information by using R Not fully Not fully More fully Fully

Function of weight Not obvious Obvious Not obvious Obvious

Synthess degree Weaker Weaker Strong Strong

Type Main factors outstanding type Main factors outstanding type Weighted average type Weighted average type
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INTABLE 1, thecalculation of various operators
asfollows.

M (A,V) = E‘?ﬁ{mi nlg;,ry ) k=12,,m;
M(ev)= T_ax{uj ' rik}’ k=12--,m
<j<m

M(A,®)= min{].ZT_lmin(yj,rjk)},kzlz,---,n;
M(e,®)= min{].ZT_lyjrjk},kzlz,---,n

From TABLE 1, it isknown that this paper will
select operator M (e,®) tocalculatein considering the
influence of themain factorsand other factors®.

4 Egtablishment of Water Resources Price Modd

Onthe basis of entropy rule of optimization and
fuzzy mathematical correlation theory, thewater re-
sources pricemodel areconstructed asfollows:

1) Todeterminethetheoryfield a of thewater re-
sourcesfactorsvalue, then one classindex isex-

pressedasA : A=(A;,A,,A;A,), secondary

index IS expressed
ashA A =(ALAL A, asshowninfig-
ure4.l.

2) Atthesametime, according to the expert scoring
method we can determinethe weight vector of the
evaluation factors: Among, the weight vector of

layer A tolayer isA, a=(a,,a,a,a,)the weight
vector of layer A, tolayer A isbi=(b,,b,,b,,b,);

3) Wecandeterminethecomment gradetheory field,
and assignment for every comment set elements;
S0 asto construct thefuzzy relation matrix of the
secondary index A for each comment set, thefuzzy
relationmatrix isk : R = (r; ) ,, among, r, isthe de-
greeof membership of theelements A to elements
V;

4) Ajccordi ng to one class index fuzzy set
C,(C, =b, « R,), we can get anew fuzzy synthesis
evauationmatrix M = (m,.---m;), among, thecal-
culaionof C onthebasisof fuzzy operaior yr(e.@);

5) By meansof entropy weightsmethod, the synthesis

weight vector isobtainedasw - w = w4, /" 17,a;;

L=l T

6) We can calculate thefuzzy synthesis evaluation
vaue: p = w .« i T, and normalized processing ,then

BioTechnology — ammm—

weget ,(p, =B/ 3" B
7) Wecan get new evaluation matrix K withthere-

valuation to the above indexes, then the corre-

sponding water resourceseval uation vector isQ,and
s0 Q=A*K;

8) Inthecdculation of the priceof water resources, it
Isnecessary to set up awater resources priceceil-
ing, combined with anshan actual residents con-
sumption and rel ated economicindicators, thewa:
ter resources price ceiling can be expressed as
P=B*E/C-D:

Among, Piswater resourcespricecelling, Bismaxi-
mum water bear index,

ThisarticdlesdlectsB=0.006, E isactua incomeper
capita, ismonthly water consumption per capita, Cis
water supply cost and normd profit.

9) Accordingto(7),(8), if youassumethat V isthe
price of water resources, Siswater resourcesprice
vector, then the price of water resources can be
written

V=p*Q*S
Among, thecaculation of isonthebasisof, a the

sametimeusearithmeticinterval, we can get water re-

sources pricevector.

EMPIRICALANALYSS

Based ontheentropy weight fuzzy synthesiseva u-
ation system of the above the water resources price,
we can cal cul atethe water resourcesreasonable price
of anshan city in liaoning province. Based on data of
anshan water resourcesdepartment, monthly actud in-
come per capitaof anshanin 2011is1774.81 yuan,
monthly water consumption per capitais 3.08 tons,
water supply cost and normal profitis 1.8 yuan/ton,
then:

1) Thetheoryfield of thewater resourcesfactorsvaue
can beexpressed asfigure 1;

2) According to the expert scoring method we can
determinetheweight vector of theevaluation fac-
tors: among, theweight vector of layer A tolayer A
isa=[04 03 02 0.1, the weight vectors of
layer A, to layer A are
b=[03 03 02 02]. b,=[03 07]. b,=[1]. b,=[0.6 04]

3) We can construct thefuzzy relation matrix of the
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secondary index A for each comment set, thefuzzy
relation matrix |sR R=(r.).,and sowecanob-
tainthefollowing matrix:

4%

0.1 0.0]
0.1 0.1
0.1 0.2/
02 0.3

04 02
03 03

0.3
0.2
0.2
0.1

2 01 03 0.1]
3 02 01 01]
0.2 0.1,
0.2 0.2]
02 02/

A(ph\.qmal index \]
=

‘i" water quality | chemical index }
II\M y L -
“—{biological index }

\—1 'ad ioactive index |

“surface water resources }
‘{' populalion densily

water
resources
value

" waler resources )
quantity

}—1 g oundwalter resourc

1 /j population densily
J

\
b
N p _ r( 55 domestic produc
. natlonal income 7 R
- 3 i

Figurel. Water resourcevaluefactors

4) Accordingtothefuzzy operator calculationwecan
get a new fuzzy synthesis evaluation matrix
M, =(my,---mg).

0.21
0.17
0.20
0.14

0.21
0.27
0.20
0.30

0.12
0.16
0.20
0.20

‘ 0.31
0.30
M= ’

0.30 0.10

[0.16 o.zoJ

5) By meansof entropy weightsmethod, the synthesis

weight  vector is  obtained as
=[0.398 0280 0208 0.114]

6) Wecancdculaethefuzzy synthesisevduatiionvaue
and get p=[0.288 0235 0.189 0.157 0.123],
and normalized processing P, then we get
P, =[0.290 0237 0.191 0.158 0.124];

7) Thecorresponding water resourceseval uation vec-
tor can bewritten as:

0]1%’
01[0‘

0.1 0.1 0.1]
02 0.1 02
02 03 02
03 02 0.1
0.1 02 03]

0.4
0.3
0.2
0.2
03

0.3
0.2
0.1
0.2
0.1

8) Accordingtotheexistingdata, thewater resources
price ceiling of anshan can becalculated as.
P=B*E/C-D=0.006%*1774.81/3.08-1.8 =1.66
9) Then Siswater resources price vector, by using
arithmetic interval, we can
gets —[1.66 125 083 042 o], and then the
price of water resources can bewritten as:
V = p, * 0% 5 =095(yuan/cubic meters)
If considering water supply cost and other related
factors, water price of anshan can pricing for 0.95 +
1.8=2.75 (yuan/cubic meters).

CONCLUSIONS

In the entropy weight fuzzy synthesis evaluation
modd , by using theentropy optimizationfunctionwecan
determinetheweight vector of each layer factorsobjec-
tively, and evd uate with fuzzy synthesiseva uation ac-
cording totheweight vector. According to theentropy
and entropy weight, the price of water resource can be
concluded, sothefuzzy synthesiseva uationmodd isfea
sbleintheenvironment accounting e ements measure-
ment which based on the entropy wei ght. From essence
of entropy function and fuzzy mathematicstheory tosee,
itisto measurethedegreeof uncertainty. Soitavoidsthe
difficulty of quditativeanalys's, and associ atesbetter the
quditative problem with quantitative problem by com-
bining them and gpplyingto themode. Theconsdering
factorsof entropy we ght fuzzy synthesi seva uationmodd
consider for cable are comprehensive, compared with
thetraditional accounting measurement method. This
method overcomesthelimitationsof traditiona account-
ing measurement method. Thismethodisverifiedto be
reasonable by meansof exampleandit can providean
objectivebas sfor environment accounting messurement.

REFERENCES

[1] Bartelmus, Peter; Accounting for Sustainable De-

BioTechnology

Au Tudian Yourual

——



606

Entropy weight fuzzy synthesis evaluation based on the measurement

FULL PAPER o

[2]

[3]

BioTechnology — mm—

BTAIJ, 8(5) 2013

vel opment Working Paper 8. New York: United Na
tions, Department of International Economic and
Socia Affairs——1987b. “Beyond GDP: New Ap-
proaches to Applied Statistics the Review of In-
come and Wealth, 33(4), 347-58 (December)
(1987a).

Sun xing hua.Wang zhao rui; Green accounting mea-
surement and report. Accounting Research. (in
Chinese), (3), 54-57 (2002).

Xie shi fen; Fair value measurement: China into
green GDP concept and the important premise of
environment accounting audit. The Theory and
Practice of Finance and Economics. (in Chinese),
(2), 72-76 (2004).

[4]

[5]

[6]

Zhang si chun. Sun xing hua; Discussion of mea-
surement of environmental accounting. Friends of
Accounting. (in Chinese), (1), 22-23 (2008).
C.E.Shannon; The Mathematical Theory of Com-
munication. Bell Sys.Tech.J., (27); 279~428,
623~656 (1948).

L.A.Zadeh. Fuzzy Sets; Information and Control,
8, 338~353 (1965).

Hn Tudian Jounual



