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Abstract; In order to assessment the nutritional status of the water ecosystem accurately and make integrated decision, a
Fuzzy Assessment based on Maximum Entropy ( FAME) is developed through the maximum entropy principle coupled with
the randomness and fuzzy. Using TOPSIS ( Technique for Order Preference by Similarity to Ideal Solution) , set the decision-
making water bodies measure number as ideal solution, the max-difference number between the evaluation result and the
measure result as the negative ideal solution, then Multiple Criteria Decision Making ( MCDM) is established. According to
the measured data validation of 12 lakes, the results of FAME basically consistent to the other results of the three methods
(stochastic assessment method, fuzzy assessment method and grey evaluation method) is separately 83. 3% .91. 7% .
91.7% . It is concluded that all these four methods are comparable computation precision, but FAME improves the
resolution of evaluation nutritional status of water body at all levels. MCDM can solve the incompatibility of evaluation
indexes of water nutritional status ,making the results more close to the actual situation. FAME and MCDM can be applied

to the comprehensive evaluation of water quality and decision-making.
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FREWIIA (F/KHE) KRB E N 6380 12 m®, 5 R EREKFI/AKER 50% U b, RRER S HEERK
W, 3 20a 3k, REBNAFE RS, BHEEEF LB E ., MEMHEEFRLAmE, EXK
IR R R SRR BOR B , MUt R K, B T RBE L2 E S E A E BR AR E, BV HIARELSME
REFHFERBHERTERE . ERIRIFIEMEIEEERLRE, EBWRA @R EMEEESR
R R FR . —

F—RKEEERRESITZE LN € B ERBR MR RS EE LVEFRE N EMY MK
AP B BTisiRE SA IR B AR EERLIENES . SoREHESTIITAEE RN ER
R LB RN ESF TR EERIERNEZSYEERMMTNERR , IS TR O &GRSR E BRI
BEE “EZE 0 EEFRETEN Y MR S AT D KRBT YRR SRR E E RS
IR ERBHER FTKF o

20 40 80 AEMLASR , — AR T E It IR LA Ik W AT B AR BT N, A KR E B R4
PEM Bl = 4R T BB AR IE A AR ke, KRS ARG RA Ttk . B 2 AT e i, B AT &
P F B E TR R YRIFTF A o KRR RGBT E M F B BEHL IR IR (70 R s,
B I BT R FRREDLIEAT BRI PRA LK BRI R A P SR SRR B B R RS . BRI B
B _EARH E BT  , 2A8 SCE I B R R R SO M AR DLk B R 2 B B R, BT T K
WEFRETMERE, AEZMARE T EETEEERWITEN T LR, M SR EBAH,
EINAFA LRRER , A SCEAA BRI B R H T, B Z AP SRR IR A R A A
i) R
1 AEEFRSEM

BT mEa B E RN EEF AL, e H E BRI K RIin N PO s 2 8 A Ak
EM:, BE A E B LB TE R BIFN SR R D B K Bbs v B L BA AR E S, i E B R4
RV i B AT E

B EHBTY L, AMTIELIVRBIFENE B EHE R R AE R RABRSLMHAmEEER" . il
FREEHTEURMGMATZIRBEBRERN T, H8 LA E S R B RERERYE, AR KRR
AT ERELE ., EHEERREH TEYNE 20, HTERIERRAL W, FR/ENFYHH R
TG, 3 AR SRR HH E IR, A REA TR E MR E R, KA E B RIBEHITEM IR,
SRt AALHE F e Z AR BT REBR TCRE ML X T , (B R T A BRI T EATIARATE,
B EENFERARUHEEYNELRENEEXR, KAFEREHTEYNRE 240, 8 AR
BEYRERME BRER RN AKBEEE, ARSI EERA I E R MIAEEFRILNITEN, LHE LR
FRAE S ) - T K SRAE AR B S 2N AR E 5 B, RS B AT &k, A E BB R4 R B
b2l
1. 1 ﬂzﬁﬁﬁﬂ[u'm

WARFEIENE n AKEER, BNEARE m TEBRHSNE, BT KEREFRRISRAEER
P, KRR F R B E u 0B TARZSINEFRRES, WEREEENESEN:

Uy  Up Uy,
~ u21 u22 ces u2n
U= = [uhj]kxn
(1)
Uy Uy U,
k
s.t Zuhj = l’uhj =2 0, (] = 1,2,-.-,n h = 1,2,-..,k)
A=l

A, uy TR MERRE THE b FOKBREFRRSHRBE
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B, RARKEI D RIEREE LS L4 SKIREFRESHTENE BB, BFE HRIE S %E
Mo AR A TS BRI o AR I 2R 22 R BE DL Bt SR B AT B, [ w1 BT 8 B LB R E 1, IXHE
A € FT A Shannon 5 BRI R :

H; =- ’;”hjln”hj (2)
5 MRAARE 55 b SUKIRESRRA 2 5 T BT
o) = wgl 3 (wl e =fy1)] G =1,2,m) (3)

K, =[w, 0, ,w, ] HIEAFEM R, TLLETRRMERSER T sRkG. RS/
ARBREAR K TR, B f; = (fy ofyo o oSy 1T 30BN b AR IR K E TORSARE, /) o, =

[elhanha'naemh]TO

HRG B FIERE, TEL — 2R AR S & E TR B R E T/ 8 A SCEE B 2 Fl i
/I, BRI s 575 — D7 T ANH RE B/ , AR Jaynes BRI JRCER, B Shannon % K4k
R H LR ER—AZ BARUALRE, Syt R, v BIME I T 4 Binii b MR .

. n k m 1 n k
EAPIDRUCIEEARAS PP

k
s. t zuh.l =1,uh120,(j: 1,2,--.,n h :1,2,-..,k)
h=1

HIEZ4 B R RRX WA~ BAnsEdT P4, iR 45 SEhr RS o
oy BRI HLAR B H BR%

L(uhja/\) = Zf ’;{uhj[ i (w,- | e —f;-j I )]+ %uhjlnuhj}-'- /\[ hz:uhj - 1] (5)

A, P H R SRAFDIR B H KR BKREEAR j 3T b REFFIRBH R PP LR
(Fuzzy Assessment Based on Maximum Entropy ,FAME) :

exp[-Biw,w ew —f; )]

(6)

Uy = % -
’;exp[—BZ{(wi| €i _fijl)]

1.2 BAIEHIE

LK EPRAMBEERYSEN, SRR Y S R IHE YRR F 032 B, 3 Bk ik
B GBI T W, KA A W R SR A S A AN R A B DA BOK R IR R B R A T R =A™ B R R
SN SHEAK RN E ERE, R SETR S ERK BN E T EEE", L, BETE
HAME—REBERLKTPNER D, REEES EREEFNUSBRRXRFNNE TN SE IRIED
FA AR (Chla) , 58X XHZEW R (SD) , 5EFRYA XK BB (TP) MER(TN) R EFHEEE
(COD), A Carlson "' RE T E45| R B TSI J73%BA Chla, TP, SD K4tz o EIFHE M
BI5TF 2001 4EJRH#EFELL Chla, TP TN,COD,, F1 SD i $84R, LA4R A B SR RAIBERA TN, & s P & 7F
P ARR I E BRI R BRI EE I o ARSCRASCR™ BRI (R 1) , X RER S E S
RSN

AR SCHR™ SR AL 12 NS [FIIE HE 2 S0 1 M0 9 SE K R YR, 3R R R 1 P RO TR AR AT I
FAME 75 SHEHLPEAT ( Stochastic Assessment Method , SAM) RITPEAY ( Fuzzy Assessment Method, FAM) | K 8,
PE4r (Grey Evaluation Model, GEM) S5 ik #E4T IR . B IRBKAREASR B ARIMIA , RBGEFH THEME K
WIHSIEE B B =10, i T &R FE 2,
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®1OWEAEE SRS R

Table 1 Assessment indexes of nutritional status in lake

BFHIRZ Nutritional status Chla(mg-m~3) TP(mg-m~3) TN(mg-m~?%) COD(mg-L1) SD(m)
I #E3 Oligotropher 1 2.5 30 0.3 10
I #$EF Oligo-mesotropher 2 5 50 0.4 5
I &3 Mesotropher 4 25 300 2 1.5
IV I EEF Meso-eutropher 10 50 500 4 1
V EEZ Eutropher 65 200 2000 10 0.4
VI EEE3F Extra-eutropher 160 600 6000 25 0.3

F2 WAKFEFRSEMER
Table 2 Assessment result of nutritional status in lake

’;ff f”i‘gf Ee Chla TP N COoD SD SAM FAM  GEM  TFAME iﬁ;ﬁ
1 I¥ Manghai 0.88 130 410 1.43 2.98 || il i1 m v
2 ¥ Erhai 4.33 21 180 3.38 2.4 || il i1 m v
3 %# Cihu 15.38 87 1540 4.4 0.65 v I\ I\ \Y4 v
4 EM Dianchi 189.3 20 230 10.13 0.5 I\ v m v X %
5 YL Hongzehu 11.5 100 460 5.5 0.3 v I\ \g \Y4 v
6  i# Chaohu 14.56 140 270 4.34  0.27 v v \Y4 I\ %
7 %% Gantanghu 71.7 135 2140 6.96 0.36 v v v v A
8  BE#5H Muoguhu 82.4 332 2660 14.6  0.49 v v v v v
9 P Xihu 95.94 136 2230  10.18  0.37 v v v v v
10 ZE# Xuanwuhu 202. 1 708 6790 8.8  0.31 Vi Vi Vi Vi v
11 BK#) Muoshuibu 262.4 500 16050 13.6  0.15 Vi Vi Vi Vi v
12 ZIL# Dongshanhu  185.1 670 7200 14.8 0.26 Vi Vi Vi Vi v

“VIHERIMER—F, “ x " RRIFEMERHEE—ARD, “ x x " RRFHEREHEERNEH  “V” means assessment results are

unanimous; “ X ” means that there is one step between assessment results; “ x x ” means there are two steps between assessment results

M2 ATLLES 7R 12 NMEYAE 10 MEERITM SR 2 B3, HILEIE 83.3% 8 1 N EE
T ERMEE—NEA, KGR 8.3% ; F—MEEM N SR EZ R %5, HILH|2 8.3% ., FAME 5§
REDLPPANT 45 R e 22— LBl 2 83.3% ; FAME ST 45 R 2T 2 —B 2 91. 7% ;FAME 5K A F
P& RE TR —BUBIR 91.7% , BB PRI KA E 72 RS ik T3S B B AR X

FAME BPEM 85 5R 0 G a) SR B B 22 B, B 5 IR 17 30— 28 R BN M O BRI PR 45 R I E ALty , £2
BT AP, i 10 Sk8E BT B sRB B 4 (0. 0151,0.0203,0. 0213 ,0. 0947 ,0. 1861,0. 6625) , FAME
TR B B4 (0.0001,0. 0004 ,0.0013,0. 0024 ,0. 0339,0. 9619 ) , #% FAME Fi:iE4r W VI EH, [F 6
FAME (3P4 25 530 W0 A M FEFR RSN S KRR B ERARE ST S0, 0 H 8 B E
FREEA VR, R AFRBESH N 0.7623.0.8770, Sl —F HAEREK L BN EERUEERR; B—
S H M B B E R R R,

HTFKERRGAAEZFATE S, HEMH I AHITHAEE RN T DB A E, FIr S R E
B, BUT LR R E BRSBTS A R — MEE P RE™
2 ZHABRE

LEM R R MR 3, EER AP HENIN S RANT S, IRE, BRETEE—MIT
P BB — A , X SEhr BB T — A~ HI4E 3K (Multiple Criteria Decision Making, MCDM) [, 7&
ZAERE MBI R b B AR Y RS R B R R, R 5 2 AR Ak
BRRESEH K R BEAHE H,
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2.1 POREE

BT EARE R T BB AR AR X R — B B, TR X RS — R R R, TEKRE
FORBIA SR ZHE DR T, IR PSFK e A B SCME D B P , T LAEAR 85 R b 5 SERME A 22 |k
BN B o

WA n ANHGEA m BUEIHEARR PSR A, 2R RO LB EBE h BE B r B i, i X, BIEAR M X°
HBERS R -

I

SI* = 2 (Xy _Xj* )2 i = 1,2,"‘,” (7)

J

(D F R X BRI /|‘7J<D‘ri_?‘§1‘/%B‘J{E;X,-* REEM XK A0E KU X N REER

X HIBERR
S; = /i(x,.j -X)*  i=12,+.n (8)

TE S %o FEAR A A X 40 B ) T 25 P T A 0 45
C'=87/(8"+87) i=1,2,--,n (9)
0=<C’ =1 (10)
R X, hPEAEME X N CO 1,00 X, AR EAERE XL G = 0, —RIARR € E7E0 5 1 XA, C
BRI 1, AR L B A 98 A N HEFE B TH o
2.2 EHIobr
LLa SKAEEAR BT . RV RPN K AT JFAME SR 45 R 523 B.C.D.E
T, EMK AR F R, B3R 1 MR 2 RIS BIREERE A
Chla TP TN COD SD
10 50 500 4 1 7
65 200 2000 10 10
4 25 300 2 1.5
65 200 2000 10 0.4
1189.3 20 230 10.13 0.5]
BT &K ek A AR AR BB R BA R, T R, F R REER A #7344t
H,EA K RIs R EE 83 (0,1) X |, 4

b
I
DO W

z,=—2 i=1,2,3,4,5  j=1,2,3,4,5
BRNH— R PRI Z:
Chla TP TN COD SD

B[0.0474 0.1730 0.1726 0.2227 0.51167
€ |0.3085 0.6920 0.6903 0.5567 0.2046
Z=D|0.0190 0.0865 0.1035 0.1113 0.7675
E|0.3085 0.6920 0.6903 0.5567 0.2046
F10.8984 0.0692 0.0794 0.05640 0.2558]
H R DA e AR X A A SRR AR X O
X" ={0.8983,0.0692,0.0794,0.5640,0. 2558 |
X~ ={0.0190,0.06920,0.06903,0.01113,0.7675}
(7)) ~ (9) WA H SAEERAR . FOEB R EER S .57 M EAMAMEXEER C

hitp : //www. ecologica. cn



350 £ K5 % K 28 %

Sy =0.9620,S; =0.7485,C; =0. 4493
S; =1.0544,8; =0.7739,C; =0.4232
S; =1.1139,8; =0.8431,C; =0. 4038
Sy =1.0544,8; =0.7739,C; =0.4232
EH, ZHEOHEF I B > D >C=E, BiXt4 S/KEER, 2N T ESERA—BBER T, R
VL BB, BEKERERREINE, P EESR, FHE, X6 SKEHEARGEEIMERIVE, BEFR.
¥ 12 MEMR LI GRS LhRAES RS TEK 3,

=3 THERSHETZRLR

Table 3 Comparison of assessment result with investigation result

FEs  MER FAKEREBR FEs SR RAKERER
No. Result Situation of water utilization hindrance No. Result Situation of water utilization hindrance
1 | 7 None 7 i H Bk, B TRES

Algal bloomed , scenery is impacted
WIS, HRRFEAHR

2 1l 7 Nove 8 v Algal bloomed, a large number of fish are dead
3 ' RER B4R B URRE 9 v WLk, BRI
Partly algal bloomed ,scenery was impacted Algal bloomed , scenery was severely impacted

SRR Bk A WK SRHIASE, KRS

4 1\ Algal bloomed ,water supply was affected 10 VI Algal bloomed in whole lake, A large number of
fish was dead
b2 s A
B Bk B 2 Lﬂ(ﬁ' BRI
5 1\ ] 11 VI Algal bloomed in whole lake, aquaculture was se-
Partly algal bloomed ,scenery was impacted ;
verely impacted
KEFKE , B0 BEK R LMK, BRI
6 v Large areas of algal bloomed, water supply was 12 VI Algal bloomed in whole lake, scenery was severely
affected in summer impacted

% 3 BANRET B0 EEFRAGEAKER AR RN, — SR HKER M0, g%
REAETF R P EFRRPEFRONE B RE KB BIE AW B SR PKIE, KRS, Zm il
BEMA, KB Y T ERE BEFR/KE; ™8 KRR MBI Sk H . X R SHK &8, 1Bt A
W, mEEZWIDEERAK=ELWRE, B TEERRETER KT,

3 itig

(D KESRER—NABAFHEEER BUERNKRE, B THILATREHEERWZm, WL
TR e ia B I T REFF A E 2 FPIRES . MBA TN F Ik, Lhs LB RS XA K Efstn /B E T (BpHE—
RET) BKEREHTIEN, X 5KERRENAH E I EFAERRZE, FLUCRAENE B MG
B KGR KRG BFEMARE W EXAKRE FREHETIEN IR, WA [E A B F — [ R,
B AT, TT LASE S BLAE R R K R R R

(2) RF BRI B ERWENITEMN 5, B B RN, 1T B 7k fE, 551 BV 6 R
BORE 8, 12 AN EIITA SEI K BRFORHY SR , 35 5 LT 7 i BRI PR T i R K L PP T ik B 45 SR
FHE, KX 4 MO ERIF BB Y, FAME PEA 45 R BE R DA B4 H A& KR B & FRA0IRZS T LA
R B A BA MR E R RS KR BT BT, NI & T KR E R RS BTN RIS B R B 2 3t
71 FAME SEVRIE K KEREFR RSN B E BRIRE ZHERN, 6 Lh TEMER,

(3) AW Brab p R B IF IR A4 32 A8 S AR A A A ], B0 B B SR AL 2R Bl A
Z5, FFEEYE  KEDKAEMYESE, BICARZEBMEAN T s A2 — 3, LHENERE
%o BRESRIEMHEREE, MERSVE SHEM % FER L B REF R BENE REERE X
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BI35 BE AL TR 45, AnfA] B B9 AR 07 1k P e Bt @ SRR R B 7 i, B— MERTISH L,

(4) REAREFRSEN ISR AT AR EH, BIEKREEIN KR TIES, RIERBRUTEZRA
BB, STRIRE, REAN RSN ITIEENERABRE , B F HRR— KRS, SR AAFEOER
KBEATPROT I, TR SR A — B BIG, BT AR 5B AR o AR 0 2 fe] St A BATIUK SR 18 Am B3 22 T IR
BB KBS KA. B, FENFNERTBE TE, TRSRE R LRI ik, A3
A A Z B AR R E L AR H A SR G R AT IR, R B R M EHE R B WERR
R, O B AR GRS RE LA

(5) KWEFREFI A S FEE IR S84 A B, R E KT HBOR A E I WHIEE
A, MRA R R EWIHE BRI, BBy REERNE TSR B S — N RIFHRNER
5%

4 4Hig

AL THE A TR EFFRESEST RO IS5 5 DR BB 7 B —— RO T 4 J7 T5 R0 25 4 4% e
AR 5 T FAME 1 MCDM By FFEI 3R, 365 12 MEHR B RSHST T HE S, SHN E RS
wH:

(1) FF FAME WHUKREFFREZ YR In S5 A B — 4R B BT , AR B SRR R IR N X 451480 7 22
FTHE—IP, iR T & BIUKE TR S5 R A — SR, FAME 58— R P 0
RO, BB T KB SRRSO MBS RRE 0 B B HLEESLIF AT ERIEAY R IR RO SR, — 3L
ik 80% LA I, TP R T EE

(2) A MCDM RIE B FFPEG 7 Ik B4R 0 0 B S i B 200 B B IR B R b T , R S M 7 T4 R
W5 R AR, BEELSE V) R KR E TR

(3) FAME Il MCDM & H T WIRA/K A& 70 RPN, to 7T AR T 1 A1 KR 7K B TR e B I 4
IKEEFFRSEYT
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