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Application of factor analysis based on entropy weight verification in water quality
SONG Ying', WANG Guo li', LT Wei®
(1. Dalian University of Technology,Dalian 116024, China;
2. Institute of Water Resources and H ydrop ower Research in Liaoning Province, Shenyang 110003, China)

Abstract: Factor analysis method can convert a number of water quality indexes to a few comprehensive indexes and eliminate

the correlation betw een indexes, so it can provide more objective water quality evaluation results. The factor analysis method

was used to conduct the comprehensive evaluation of water quality in the Liao River Basin from 2006 to 2012. The results

showed that the main impact factors of water quality are DO, COD, permanganate value, BOD, volatile phenol, fluoride, petrole

um, followed by PH and ammonia nitrogen. On the basis, t he variation trend of water quality in the Liao River Basin from 2006

to 2012 was obtained, which suggested that water quality has improved gradually from 2006 to 2011, while becomes bad in

2012, but the trend of variation range is small without impacts on the general trend. Finally, the entropy weight method was

used to validate the evaluation results from the factor analysis, which indicated both assessment results are similar.

Key words: w ater quality evaluation; factor analysis; entropy weight method; Liao River;eigen value; load; index weight

AU, ATTPP A 75 325 T2 A I SRR SR B IR ik N
AR 2 AE o SR I A E R SR At
SRATE L R ] B, E 7 bR B SR PRI AEAE BRI P
CRE RO LU RIAE, &) T 3R, H2 RS8O, S
R N T 2 453k % L8 N 3% LU 4, (HOG K (1 22
SRICAGEM o D7 0 HT v 2 R 22 TR b e Ak > LI
CARPRIO— R GE T T4 SRR bRl B A, EA
FHOG , Tk Sty B0l 180 77 A0 AH S TR 5 B0 70 A DR HE £ 1)
Ao DR i T AR R A5 R R Bk B S A
PR SRFR K H A, 1A R R 2 P S, e R TIPS
7353 MoK s GORDE LK 32 285 Je) (R 2o RAL w5 ik

:2015-02 03 120151623

b B ML 2%, AT ARG AR A 2N VEAT SRR F 1K)
WAL BT SR VRO SR AR KPR, O T 20560 0 AU Y
R, AT AV 3 R S B A TE . AR SOR AT 1 20 i
12, R IL TR 3 1R 7K IR BLEAT T 90 M, IR FARAR
RS X VPAN &5 SRAEAT T B0AE, 45 5 IR 7 73 M ide vl LR
“FHER 1R 3 AT ALK

1

1.1 BT ok
A m DNFER, BMEREGH n NEBE(r1, r, 13, e

12015 1130

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20151130. 2010. 012. htm1
: SR s Gedns il 5 6 BURH B It B i R SR i O 5 2 B B4 A F R B BOR 5 T 753 (2013Z.X07501- 04)
SR (1989, L INARIGYT A, FEMNF K SCKEH T H I . B mail: 459188649@ . com
EEFI(1964 ), 5, LTl A, B0, WL, FENFORKSOK BRI TG . B mail: wanggl@ dlut. edu. en

* 1080 « &£ T 5 HIE



K B T RACRSE & B ik o B T2 A % 72 A B0 o o B AL

1) SRR A mx n B SR A B AR I .
Re | o (1)

ARSCRHA SPSS 13. 0 A AT B Ab B, P BRIS
hs B AR HEA, 15 B0hR MR B B, T SRAH OC R Ho
Riis SR 5 AR AH G 2R 00 B SRA AT, — M el 7 2 B AR TT
R R 2 R T I0 A B, LR AR AT AR, I T 4R IR T
HEAT 7 ZE B KAGTE RS, i 54 B T8 25 R4 4 =
TR, RS/

1.2 RBRR ik

T2 R G TC T RE T V) — b &, 0 N, B e R
K FRE R, 305 B B8N . R R ik ki O
W dr B, BIUE R PR AR 0 G 205 B ki A
Refs RO, BB K. T m DMK, n ANV FR
IR R, AGE T H S B i F

AR MBI, RAX ).

W2 RGO A BEAR AL o

TR R, ry F:

%5 = (15~ Twin)(Tma= Tmin) (2)

Xt TR N AR TR AR, r, IR

X = (T i = rg‘)(rmux_ T min ) (3)
73 BIBR AL R BE

X= (%) e (4)
Arbew, APRHEACRERE X S RITC 2R, HIT AR A R
FERR I 5 KAEL; 1 i K T FEAS R [R] —FR AR IR 5 /AMEL

HIR3 WE M o S AR RN X R

1

Hj= — ( Zy;Iny; )/ Inm (5)

by, = (1+ xy.)/(é(n x; ) (AAE Iny, 4575, B

vy HEAT T4 1)
LA EE W,
W= (1= H,)/(n- 5H,) (6)
SRS AR RS A
wo= S (Wx,) (7)
2

2.1 84769 2

TG RIK BRI A& Bl 22 AN KR R PR R, 45 A3 i (8%
U436 B3 1) b 7K P 058 o0 AR o, R B pHL R 95 4 2
e F A AL IR R TE B B T R R AL
TS O TR AR T T AL ISk U4 5 2006 - 2012 4 (1)
AR, TR 8 T0 VT4 Feba S - T G ™ T FRAR,
A AU TR K T B B A (6 VAN 4R s

AR ST 8 0 04 3l (R 1, SRR N IRV 5 Ol 2006 4F 1
H= 20124F 12 H, SHEBE 12 A SRRENE], 48—k 4
AEI 12 YOS I ECREAT 734, 45 BT I I . AR 4 2006
AF— 2012 4K T VT Fia 947 P BB 7 W AR RE R R
2.2 BT o

(1) Hods vt AL R 5% R BB

T ST T 1) AN R b 5 AR U AT SR A5 B A 3, AR R
SPSS13. 0 % KB A (1 76 22 3k A7 AR UE fh A B8, 15 3 bRy L
B, FEUHEL A G RO B, W3R 1.

Tab. 1 The correlation coefficient matrix

5 Qe R by pH i R HAE WEHEAE SERBRES EwAE ERW ALY A
pH {8 1. 000
bas 0.058 1. 000
HA - 0.491 0. 596 1. 000
(RS E = 0. 096 0.923 0. 658 1. 000
e R R A 0.152 0.879 0.673 0.974 1. 000
ERAATTE =N 0.114 0. 894 0. 693 0.978 0. 999 1. 000
17 % Ty 0.155 0. 831 0. 695 0.917 0.982 0. 980 1. 000
WAL - 0.227 0. 709 0.818 0.756 0.751 0. 764 0.746 1. 000
VERIES - 0.056 0.826 0.591 0.727 0.790 0. 805 0. 835 0.577 1. 000
(2) Pl EH . DUBRA, W3R 2, ARG R IEAR T 1 A P B AR DTk % K
oJ BRI A R A 7 22 e KA e A9 3 T Ry T 2= T 85% (1 J5U M 1k ¢ 3= K1 EAT 407
2
Tab.2 Eigen values, contribution rate, and cumulative contribution rate of correlation coefficient matrix
LT e i e Je
FHAEAR J7 ZETURREE (%) SR TTIRE (% ) FRAEAR Ji ZEGTRRAE (% ) FERTTIRE (%)
1 6. 632 73. 684 73. 634 6. 472 71.917 71.917
2 1.439 15. 992 89. 676 1.598 17.760 89. 676

MPE R 2, H— 0 FRIRFIEEA 6. 632, 7 ZTTBRAE RN
73 684% , ZJekE 5 77 72 viEREE A TL 917% , 3 — F B
FEAEAE ) 1 439, 77 ZEDTHRAE N 15 992% , &0 4% )5 J7 2501
W 17 760% , RFATTHR A 89 676% ( KT 85%), UiWiml

CAFIHT 2 A S D5 2R B B S A VAN 48 b F 4 16

H1JT 22 i KA e 45 2 e 4 J (V0 38 r AR, LR 3, Wl
A T PR AR L VR IR BRI A B 0 SRPE M AR
B AT A BT 2R B R EBOR, PP 4 A 5 i 8
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Tab.3 Rotated component load matrix
~ EREE
GENEEYS
1 2
pH i 0.158 - 0.955

bay 0.925 0.051
WA 0. 668 0. 681
g fAE 0.967 0.038
R EhHR A 0. 990 0. 001
A F AR 0.992 0. 037
YE R 5y 0.977 0.015
WA 0.770 0. 446
PERIIES 0. 836 0.132

(3) ER TR i EAEEG RN 45 R
TR R T390 7 BUE BE P, AR5 R 50 8) W #%4F
HESEADERT EMBRS (K 4),
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4 2006 - 2012
Tab.4 Comprehensive scores of water quality from 2006 to 2012
iy F-EWT B ERT ey
Gl e 25 e 25 Herr

2006 1.168 1 0. 151 4 0.986 1
2007 1.129 2 0.256 3 0.973 2
2008  0.8%2 3 - 0.310 5 0. 677 3
2009 - 0.890 7 1. 667 1 - 0.434 4
2010 - 0.798 5 0. 565 2 - 0.555 5
2011 - 0.806 6 - 1.161 6 - 0.869 7
2012 - 0. 694 4 - 1.168 7 -0.778 6
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Tab.5 The entropy and weight values of each factor
W WEH R R R R A
X% pH - 2 e e
WRH e RE am e mE oM om %

h?ﬂrH‘,- 0.988 0.983 0.978 0.985 0.980 0.980 0.980 0.986 0.989

AFE0.078 0. 111 0.145 0.097 0.133 0.133 0. 135 0.093 0. 070

6 ( )

Tab.6 Comprehensive scores of water quality goodness index
in the Liao River Basin (Tieling section) in past years
A 2006 2007 2008 2009 2010 2011 2012
ZE4VESr 0.109 0.153 0.193 0.777 0.821 0.890 0.824
Herp 7 6 5 4 3 1 2

2.4 AFR MM

9 T W AIE PR T4 32 KA 28, R AR e SR T
ARRHE AT, 55 B8 7 20 B i 45 S BEAT X L, 45 SR,
D7 23 BT S A e S48 VA 3 (A 45 3. 2008 4ELL
J5 LTI R - BLE FFRE K K R AR, B LR AR AR
WA % TR A AR TR 25035 T A0 K TR, 7] I A 4R
BRI — A5 NS T PRE S AR A ) B, SR B T eSS g
VRF)HE ey 53 A KT B IR o BT ORI VT A5
4 A b YA K R R AR S M

3

TR BTN RGNl 2 A7 R R 28 R 4E,
VIO b5 2, FUHT R 20 A ide m] AR AG VAN 48 b OF HLA0 R
AAE R ATUE 32207 i, R4 A% 85 1K) 459 230 K 5 eIk
DULAJe TSy QIR SR IEAT 20 Mo A ST 45 R W], i L
D720 HTid s S VE A 45 2R S AR SRIE (KPP 45 SR 15,
DR AP PR 9 A7 425 1o A L il 2 A7 3L T ( R 04 0 ) 11
IKBCIRDL, Ay KRB B SRR LB AR Sy

(References) :

(1] BXmRME, ok, T30 BT LB DUm: K VT Ay
[J1. 7K HLRE U8 BF 2%, 2011, 29( 6): 3335. (ZHAO Xiao shen,
ZHANG Chao, WANG Wer chuan. Water quality evaluation
model using bayesian method on entropy weight[J]. Water Re
sources and Power, 2011, 29(6): 33-35. (in Chinese))



W% e TS & 10 6 [ F AT £ T AKBUTE O o B B

[5]

Wadiida, 7 SCE, S, A5 OO MBS e SR BOE R B 2R
AEAJTVEAN R L D). K F fig SRR 2%, 2012, 30( 6): 4T
44. (YANG Letlei, LU Werrxi, HU ANG He, et al. Application
of improved nemerow pollution exponential method and fuzzy
comprehensive evaluation method used in water quality assess
ment[ J]. Water Resources and Power, 2012, 30( 6): 4F44. (in
Chinese)

O, EWRE, TR, S5 T T A TS GEIN A AT S
M J]. PR TR 2% i), 2015, 9(1): 125130. (HAO Hao,
WANG Xiac chang, ZHANG Qiong hua, et al. Spatiotem poral
distribution and analy sis for pollutants in inland Rivers of Yix-
ing, China[ J]. Chinese Journal of Environmental Engineering,
2015,9( 1): 125 130. (in C hinese) )

Wh—, R, 2B, S5, R 20 AR T B s 23 Hr e i
ML TT. AL 0F 984 35, 2014, 42(8) : 1099- 1103. (CHEN
Yi, TANG Fei, LI Tie gang, etal. Application of factor analysis
in imaging mass spectrom etric data analysis[ J]. Chinese Journal
of Analytical Chemistry, 2014, 42( 8): 1099 1103. (in Chinese))
SR R0 BT AE AT AOS e T O R (D] ZR B 7K
7K HL, 2014( 12) : 39 40. (ZH ANG De tong. Application of factor
analysis method in water quality evaluation of Baicheng City
[ J]. Water Resources& Hydropower of Northeast China, 2014
(12):39-40. (in Chinese))

RGP, j5 30, ik, 45, RT3 Ak < SR Tl X M R KK
SRV REF T T]. o R BN W, 2012,22(1):10-12. ( YT
Yarr ping, LU Werr xi, XI Xin, et al. Application of factor analy-
sis method on the groundwater quality evaluation in Jinquan Ir
dustrial Area[J]. Environmental M onitoring of China, 2012, 22
(1):10-12. (in Chinese))

R, Bl 7, SRR, A T PR AR R PO L 1
BT IR AN T . P S A B AR, 2013, 35( 11) : 2686 2692.
(ZHANG Larzi, LU Brying, ZHOU Zht min, et al. The clutter
suppression based on factor analysis and image contrast in through
the wall application| J] . journal of electronics& information technok
ogy, 2013, 35( 11): 2686- 2602. (in Chinese))

THERS, AR BE TR T A TR O R Tl Al B R G
AE ) VM SB[ . RHWE A BE, 2011, 32( 3): 351-58. (NING
Liamr ju, LI Meng. Evalution model for large and mediunr sized
industrial enter prises, technological innovation capability based
on factor analysis method[ J|. Science Research Management,
2011, 32(3):35F 58. (in Chinese) )

T, 1 FT BT R P R ST S SRR 25 15 P
M KSR Ay AT (] A LT, 2011(5) : 174 177. (WANG

Wet guo, FENG Yun A comparative research on dalian, s human

[ 10]

[11]

[12]

[13]

[14]

[15]

[ 16]

living environment with the other 36 domestic cities[ J]. Ecological

Economy, 2011(5) : 174 177. (in Chinese) )
TR R, AL, VL BT R T R Y U T
RSN BEVE N[ )], % A0ty BRBE TRE, 2014, 21( 1): 8792.
(ZHANG Hur zhi, MA Chuar ming, WANG Jiang si. Eco er
vironment condition assessment of urban agglomeration in the
central plain based on AHP entropy method[]J]. Safety and
Environmental Engineering, 2014, 21( 1) : 87-92. (in Chinese))
PNE A, R I S TR B AL B AE DRIV VR T
N[ T]. K HAEYE R, 2013, 31(12): 76 73. (SUN Pet xue,
ZHAO Kurr peng. Application of combination model based on
entropy method in dam seepage forecasting[ J]. Water Re
sources and Power, 2013, 31(12): 70- 73. (in Chinese) )
BREIAE, 520, B0, JE TR R AT 2 i e 1 BRRE 2 it
HO R KK BEVE A (RN LT T4 X3 R BT, 2013, 27
(6):3634. (CHEN Narrxiang, SU Rong, CAO Werr geng.
A pplication of the set pair analysis method to evaluation of
shallow groundwater quality based on entropy weight[ J].
Journal of Arid Land Resources and Environment, 2013, 27
(6):30-34. (in Chinese))
ERE 2, R T, W/ . FE TR BRI AT A0 B LE A 1A VT
e N [T, 5 J1 %, 2010, 31(2): 535540. ( LIANG
Gurlan, XU Werya, TAN Xiac long. Application of extension
theory based on entropy weight to rock quality evaluation[ J].
Rock and Soil Mechanics, 2010, 31( 2) : 535 540. (in Chinese))
I, RS, IR, 4. JE T S AR AL 1K) S i By
LYK BESI VP AR [ J]. K 2%, 2015, 30 (1): 222227, (SUN
Hong hu, CHENG Xiarmr fu, NI Ling, et al. Capacity evaluation
of flood disaster prevention and reduction in Chaohu basin
based on cloud model and entropy weight method[ J]. Journal
of Catastrophology, 2015, 30( 1): 222 227. (in Chinese))
SEHUK. FET IR AR BRI AL PRI P AE TR 11 4k A2 2 KUK
CROPEM)]. T 5 X % 5 38, 2013, 26(5): 169 174.
(GONG Yarr bing. Comprehensive Assessment on ecological
risk of Hexi corridor urbanization based on normal cloud mod-
el and entropy weight[J]. Journal of Arid Land Resources and
Environment, 2013, 26(5) : 169 174. (in C hinese) )
FEHUK, TRARE . 2T IES SRR AL AL K AR
JEGAVENTT]. P E AT« I 55, 2012,22( 1) : 138
143. (GONG Yarrbing, ZHANG Jrguo. Comprehensive as
sessment on population development degree of modernization
based on normal cloud model and entropy weight[ J]. China
Population® Resources and Environment, 2012, 22(1): 138
143. (in Chinese))

£HSHE + 1083 ¢



