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INTRODUCTION

By combining with the function of groundwater, the
groundwater environment health can be defined asfollows:
the groundwater environment health characterizesthe state
of the groundwater system and the capacity for the stability
and sustainability thereof while maintaining its own re-
sources ecological, geological and environment functions.
The correct characterization of groundwater environment
health refers to the correct quantitative and qualitative de-
scription for the state of groundwater environment. How-
ever, the problem of how to determine the health degree of
groundwater environment is an urgent problem to be stud-
ied and resolved. In the study, an evaluation index system,
which iscapable of comprehensively reflecting the state of
groundwater environment health, will be adopted to com-
plete the evaluation.

The evaluation of groundwater environment healthisa
complicated, nonlinear and high dimension eval uation proc-
ess, wherein the acquisition of essential dataislimited, and
mogt of the current comprehensive eval uation methods can-
not solve the problem for the comprehensive eval uation of
small sample and high dimenson (Jiang 2007, Sheng 2008,
Zhang 2001). As a new method of data mining, the redun-
dant index can be removed through the attribute simplifica-
tion principle of rough set, and defects of two weight deter-
mining methods, i.e., subjective and objective weight deter-
mining methods by cal culating the objective weight of each
index according to the rule of the data and combining with

The paper puts forward the idea of groundwater environment health and constructs an evaluation index
system for the groundwater environment health according to the connotation of groundwater environment
health. The 17 evaluation indexes were simplified to obtain the most simple evaluation index system through
the simplification function of the rough set, and then the weight of the evaluation index was calculated
through the weight calculation function of the rough set, and the quantitative evaluation of groundwater
environment health was carried out by means of a comprehensive index method. The evaluation results
show that the attribute simplification and weight calculation of the rough set can be applied to the
comprehensive evaluation of hydrogeology.

the subjective weight (Qin 2006, Cao 2006). In theory, the
rough set can solve the problem of multi-index selection and
weight calculation, so that the rough set is applied to the
study of comprehens ve evaluation (Lin 2006, Pawlak 1991).
Thispaper eval uatesthe groundwater environment health of
the study area by means of the attribute ssimplification and
weight cal culation functions of the rough set.

OVERVIEW OF GROUNDWATER ENVIRONMENT
HEALTH IN THE STUDY AREA

Geogr aphical position of the sudy ar ea: Thegroundwater
system for the above-ground segment of Yellow River is
defined according to the width and depth for the supply of
Y ellow River water to the groundwater, wherein the width
for the water supply of above-ground segment of Yellow
River is5to 20km, and the depth of water circulation isless
than 350m. The relevant studies have shown that the north-
ern and southern boundaries for the groundwater system of
Henan Province are the actual supply range of the Y ellow
River to the groundwater respectively, i.e., the expansion
for the two sidesis 5 to 20km based on the axis of modern
Y ellow River (Sheng 2008, Cao 2006, Lin 2006). The area
located onthe Y ellow River L ower Reaches Suspend River
Section is 1062.20km?, namely 14.15% of the administra-
tiveregionin Zhengzhou area.

Establishment for evaluation index system of ground-
water environment health: The evaluation index and grad-
ing standard of groundwater environment health shown in
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Table 1, are established by referring to earlier preliminary
studies (Sheng 2008).

ROUGH SET THEORY

The basic concept of rough set theory hasbeeninvolvedina
lot of literature, the paper focus on the point of how to im-
plement the simplification and index weight cal culation for
the evaluation index of the rough set theory, wherein the
simplification of the evaluation index is carried out mainly
by means of the attribute simplification and core theory of
the rough set theory (Slowinski 1992). The weight of the
index is calculated according to the knowledge dependence
and the attributeimportance of the rough set, and the details
for the specific cal culation principle are asfollows:

Simplification of Evaluation Index

Knowledge simplification: The simplification of knowl-
edgeisone of the core problemsin the rough set theory; for
the knowledge acquisition based on the rough set theory,
the minimization of the decision tableiscarried out mainly
by smplifying the original decision table.

In any knowledge representation syssem S={U, R, V,
f},ifr, X R,andin(R-{r }) =ind(R), it can be claimed that
the attribute r is redundant in R, i.e. r, is a redundant at-
tribute; otherwise, it can be claimed that r isabsolutely nec-
essary inthe R. If each attribute r X R is absolutely neces-
sary in R, it can be claimed that the attribute set R isinde-
pendent, otherwise, it can be claimed that the R is simpli-
fied.

Theal gorithm of attribute s mplification can be described
asthefollowing steps: cal cul ate the equival ence rel ation of
condition attribute; calculate the upper and lower approxi-
mationsof each equivalencerelation in relation to the deci-
sion table calculate the value of & according tothe heuristic
function:x = (B(x)|- [B(x))/u|, and select the attribute with the
smallest value of x asthe attributeto be retained necessarily;
repeat the process of attribute section, select the attribute to
be retai ned necessarily, and generate anew equivalencere-
lation by combining rest attributes with the attributes of the
simplified set red at every time, wherein the heuristic func-
tion is applied to the relations as the reference point of at-
tribute section, and the algorithm will be recursively applied
until the predetermined domainisan empty set.

Core: Attribute ssimplification refers to the minimum and
essential subset of the relation, and the core of the attribute
refers to the most important relation set. In the R, the set
composed of al the absolutely necessary attributesisknown
astheattribute core of R, and denoted by core (R). Core (R)
=Cred(R),inwhichred (R) indicatesall the smplifications
of R, and it can be interpreted as an essential knowledge
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characteristicsset during the knowledge simplification proc-
ess (Shang 2005, Wang 2005, Chen 2005).

In the evaluation, the simplification of evaluation index
refersto the determination of the attribute core.

Calculation for the weight of evaluation index: Accord-
ing to the concept for the dependence of knowledge, thede-
pendency level of the knowledge R to the knowledge P is
defined asfollows:

S card(P[x]))

Ye (R) =18 (1)
’ card(U)

Intheformula, card (U) indicates thetendency of the set
U, and also can be written as |U| usually; P indicates the
number of the elements contained therein, 0£ YP (R) £ 1.
When YP (R) = 1, the knowledge of R istotally dependent
on the knowledge Q, when YPiscloseto 1, it can indicate
that the dependencelevel of the knowledge R to the knowl-
edge P is high, and therefore the size of YP(R) can reflect
dependence level of the knowledge of R to the knowledge
of P. For theimportance of attribute subset x| X of classifi-
cation exported from the attribute set R, we measured that
with the dependence level there between, i.e.

S(X) =Y, (R) =Y, ., (R) (2

According to the meaning and cal culation principle of
weight, we can derive the cal culation formula of objective
weighfrom theimportanceformulafor the attributetherough
et

_ GR (xa)

ich (x;) -(3)
=1

According to the formula (3), the objective weight o, of
any of the evaluation index x; can be cal cul ated.

Asthe objective weight cal culated according to therough
set theory put too much emphasis on the data, the method of
subjective determination method can be used during the proc-
ess of objective weight calculation of the rough set in the
paper to obtain a more reasonabl e attribute weight. Corre-
sponding to each attribute, the comprehensive weight is cal-
culated by solving a subjective weight (wi’) by means of a
subjective determination method, adding the adjustment
parameter h (0 £ h £ 1), and combining with the objective
weight. Therefore, the derived formula of the comprehen-
sive weight (w,) isasfollows:

w,=hw’ +(1-h)w (4

In theformula, h reflectsthe preference of the decision
maker to the objective weight and subj ective weight of each
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Table 1: Evaluation index and grading standard of groundwater environment health.
Index Unit Evaluation Criteria
Health Subhealth Unhealth
C, Annual GDP growth rate % 7.75 7.25 6.75
C, natural population growth rate % 0.2 15 2.0
C, Water consumption for the GDP output value of ten thousand Y uan m?/10%Y uan 35 75 150
C,Industrial water consumption for the output value of ten thousand Y uan m?2/10*Y uan 15 30 50
C,Quotaof irrigation water mé/Mu 180 250 350
C, Proportion of agricultural water % 55 73 80
C,Modulus of surface water resources 10°m?¥/(km?-a) 80 45 17
C,Modulus of recoverable groundwater resources 10°m®¥/(km?-a) 30 20 10
C,Natural protection capability of groundwater Dimensionless 2 stronger 3 general 4 weaker
C,, Water resource shared per capita m3/person 800 600 400
C,, Development and utilization degree of water resources % 40 50 75
C,,Modulus of groundwater mining 10°m?¥/(km?-a) 2 5 10
C;Mining the degree of groundwater % 40 70 90
C,, Comprehensive pollution index of surface water Dimensionless 04 0.7 1.0
C,; Total hardness of groundwater mg/L 300 450 550
C,, Decline rate of shallow groundwater level m/a 0 0.2 0.5
C,, Comprehensive evaluation of groundwater quality Dimensionless 2 4 5
Table 2: Information system of Zhengzhou study from 1998 to 2007.
Cl CZ C3 CA CS CG C7 CS CQ ClO Cll C12 C13 C14 C15 C16 C17
X, 785 0.82 19255 22000 72.00 24500 56.92 750 4646 11822 1312 2824 4 073 25239 044 332
X, 800 077 139.87 21000 69.00 23400 56.61 13.68 3413 16245 1204 6543 4 079 25239 041 333
X, 940 073 20424 20000 66.00 19130 55.07 807 4463 11142 1187 2659 4 083 26995 034 336
x, 910 069 14138 190.00 56.00 229.00 5359 438 3201 167.30 1340 418 4 081 23661 039 337
X, 950 0.60 15284 180.00 161.00 209.00 5570 3.86 2110 160.09 1505 7133 4 079 27285 041 339
X, 1050 056 32475 130.00 130.00 170.00 61.74 18.03 4394 5576 1274 29.01 4 0.76 26996 048 3.40
x, 1370 052 25621 100.00 103.00 176.00 46.68 2225 4234 8241 1268 2995 4 0.88 27695 047 347
Xg 1410 053 25421 11000 98.00 185.00 5548 805 4328 11042 1125 2762 4 077 22661 035 342
X, 1410 053 267.44 11000 98.00 170.00 3594 1443 4735 8047 1250 2645 4 072 26284 032 344
X, 1440 049 25521 90.00 96.00 185.00 4868 2157 4179 8345 1359 3025 4 071 29495 045 350

attribute during the decision-making process, wherein the
larger h indicatesthe preference of the decision maker tothe
subjective weight of the attribute, and the smaller h indi-
cates the preference of the decision maker to the objective
weight (Zeng 1996, Wang 1998, Zhang 2007, Xiao 2004).

EVALUATION FOR GROUNDWATER ENVIRONMENT
HEALTH IN THE STUDY AREA

In the study work, the evaluation is carried out by means of
the various index data of the evaluation areafrom 1998 to
2007, wherein the specific evaluation steps are asfollows:
Firstly simplifying the evaluation index, calculating the
weight of the evaluation index, and then quantifying and
implementing qualitative evaluation for the groundwater
environment heal th inthe eval uation areaby meansof acom-
prehensive index method.

Simplification of evaluation index: Intheinformation sys-
temS={U, R, V, f} of therough set, R=CUD indicatesan
attribute set, the subsets C and D are respectively called as

condition attribute and decision attribute, wherein U indi-
cates Zhengzhou study area, C indicates the specific value
of each index, and the establishment of the decision attribute
D can be prevented during the attribute simplification and
weight cal culation process.

In order to facilitate the cal cul ation, the specific values
are replaced by the following codes, specifically x, X,
X,, are used for replacing the values from 1998 to 2007; c,,
C, ..., C,, are used for expressing the 17 index values, the
sequence thereof isin line with the previous sequence, and
theinformation system of the cal culation congtructed therein
isgivenin Table 2.

Calculation for the attribute simplification of rough set
of the established information system, inwhich U ={x,, x,,
. X andR={c,c, ..., ¢} according to the rough set
theory, the simplified indexes of Zhengzhou study area are
{c, ¢, c}. Theadditional consideration of warning of the
study aims at finding out the environment problem of
groundwater, selecting the indexeswhich are capable of re-
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vealing the problems of groundwater environment healthin
the study area, and finally selecting the simplified attribute
stQ={c,c,c,c,c}adU={x,X,..,x,}toforma
new knowledge space, wherein thesimplified index system
isthe most simple evaluation index system.

Weight Calculation of Evaluation Index

Calculation of objectiveweight: According to the formu-
lae 1 and 2, theimportance 0.8 of the attributer, can be cal-
culated, and the importance 0.6 of the attribute ¢, can be
calculated; and the objective weights of the three attributes
can also be calculated according to formula (3), i.e. w, =
4/11, w, = 4/11, and w,, = 3/11, respectively.

Calculation of comprehensive weight: Firstly determine
the final subjective weights, i.e.w,'=w,_,=w,'=3/11 and
w,' = w,' = 1/11 of the five index according to the expert
consultation method, wherein the comprehensive marksfor
the subjective weights of the three indexes, i.e. the water
consumption for the GDP product value of ten thousand
Y uan, the mining degree of groundwater, and the quality of
the groundwater. According to the formula (4), when h =
0.6, and the comprehensive weights determined by means
of calculation are asfollows: w,, = 0.164, w,, = 0.2, w, =
0.2,w,,=0.273, and w, = 0.164.

017

Evaluation for groundwater environmental health in
study area: The comprehensiveindex for the groundwater
environment health in the study area can be calculated by
means of the comprehensive index on the basis that the
weight of the evaluation index is obtained, the state of the
groundwater environment health is classified according to
the established comprehensive index grading standards,
wherein the establi shed comprehensveindex grading stand-
ards for the groundwater environment health in the study
areaare givenin Table 3, and then the cal culated compre-
hensive index is compared with that in Table 3 to obtain
evaluation results for the groundwater environment health
inthestudy areaasgivenin Table 4.

The evaluation results show that the groundwater envi-
ronment of the study area is sub-health in most years, the
groundwater environment in 1999, 2001 and 2002 is ill-
health, and the groundwater environment in 2004 and 2006
ishealthy only.

According to the attribute simplification function of the
rough set, the C, water consumption for the GDP output value
of ten thousand Y uan, C, proportion of agricultural water,
C, modulus of surface water resources and C,, modulus of
groundwater mining are the most important among theeval u-
ationindexesfor the groundwater environment heal th of the
study area, they cannot be simplified, which indicates that
the impact for the supply and demand of the groundwater
resourceson the groundwater environment inthe study area
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Table 3: Comprehensive index grading standards.

Health Level Unhealth Subhealth Health

Comprehensive Index  (0-0.5) (0.5-0.75) (0.75-1.0)

Table 4: Diagnosis result for groundwater environment health state in se-
rial years of the study area

Year Comprehensive Index Diagnosis Result
1998 0.504 Subhealth
1999 0.354 unhealth
2000 0.524 Subhealth
2001 0.404 unhealth
2002 0.197 unhealth
2003 0.621 Subhealth
2004 0.754 Health
2005 0573 Subhealth
2006 0.785 Health
2007 0.715 Subhealth

islarge, andisin line with the water supply condition based
on the overexploitation of groundwater in the area.

Inthe evaluation results, the grade of groundwater envi-
ronment health of 1999 to 2002 isthe worst, and the reason
thereof isthe overexploitation of groundwater in case of the
interruption of the Yellow River and a large number of
groundwater environments are in the worst state; but the
groundwater environment health state in the study areais
batter since 2004, the reason thereof iscontinuous wet year
and prevented interruption of the Yellow River and other
aspects, and so that the groundwater environment health state
inthe study areaisgood. Therefore, it can beindicated that
the evaluation results can truly reflect the groundwater en-
vironment state in the study area and al so can reflect thein-
fluence of external forceson the groundwater environment.

CONCLUSIONS

Theattribute s mplification and weight cal culation functions
of the rough set theory can be applied to the evaluation of
groundwater environment and mainly applied to thesimpli-
fication of eval uation index and the cal cul ation of the weight.
Therefore, the workload for the cal cul ation of comprehen-
sive evaluation can be properly reduced, and the accurate
weight can be obtained.

The eval uation resultsfor the groundwater environment
health in the sudy area show that the groundwater environ-
ment of the study area is sub-health in most years, the
groundwater environment in 1999, 2001 and 2002 is ill-
health, and the groundwater environment in 2004 and 2006
ishealthonly.

According totheanalys's, the evaluation resultscan truly
reflect the health status of the groundwater environment in
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the study area, thefeasibility of the rough set to the compre-
hensve evaluation isproved, and the rough set can be anal o-
gized to other comprehensive eval uations.
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