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Evaluation model and its application of water resources shortage degree based
on relative membership degree and probability theory

CAO Jie
( Shanxi Hydrology and Water Resources Survey Bureau, Taiyuan 030001, Shanxi )

Abstract: In order to accurately evaluate the degree of water resources shortage, provide an effective scientific
basis for the redistribution of water resources, and in view of the lack of precision of individual empowerment
shortcomings, Bias formula in probability theory and relative membership method were combined and applied to
a county’ s comprehensive assessment of water resources shortage in 2014. The results showed that in 2014 the
evaluation grade was slightly tight, which was consistent with the actual situation. The Bias formula and relative
membership function coupling stochastic evaluation method adopted the subjective and objective combined
weighting method and relative membership degree to determine the weight comprehensively. According to the
two aspects of internal and interplay effects to further determine the actual weights of the sample set of water
resources shortage evaluation. Combining the advantages and disadvantages of various methods, the evaluation
results are becoming more and more reasonable through reasonable cross—coupling.

Key words: Bias formula; stochastic uncertainty; combined weighting method; water resources shortage
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F1 KFFEEREERERE
B BRIE(H
EiEta Hp
J B Bk SRR N IR B ¥ 7S

s, m’/ A 2000 1200 800 400 0

S, 0.4 0.3 0.2 0.1 0

S, 3 2 1.5 1 0

S, SN 50000 35000 20000 10000 0

Ss Jiot [ km’® 5000 2000 1000 100 0

S % 80 60 40 20 0

S; DN 1.0 0.8 0.6 0.4 0

Sq m’/ A\ 0 200 400 600 1000
S, % 80 60 40 20 0
Sio i m’/km’ 40 25 10 5 0

Si % 50 40 30 20 0
Sy % 80 60 40 20 0
Sis % 15 10 5 1 0
Si 5 4 3 2 1

o [1, 0.85) [0.85, 0.7) [0.7, 0.55) [0.55, 0.35) [0.35, 0]
2 NMEHAKXENREEREIEE nyi=1,2, -, co B K HFEAINEYE x 25

2.1 MEEERE N

DUEER A R B AT DO R IR . B0F Q i
EN—REAR, K, Ky K, T AR
AHEE, O MREARTRTE—F M 2 P(K,)
>0, (i=1,2, -+ +n), P(Q)=>0, NAH:
P(K;)P(Q/K;)

P(O)

Kby P(Q)FRRFE—F R AR, P(K,
1Q) TR

TR R B R SRR X= (x50 ens
Hor n RoRKGEIEE TRV AFEARNELG m FRon
FRPRIEL; x F AR IR E B EPEA R 45 s 47K
TR SR PP AR A B FE R T=(y) e
Horfr e RIRKBHIR KBRS B4 9088 v RoR
PP B ERIAREAE; j=1,2, « - -, ms k=1,2, - - -,

P(K;/Q)= (i=1,2---n) (1)

BRI i B9, i=1,2, - 0L s k=1,2, + * . ne
TRGERAHE PR E THX SO e, B

LRI AN E R, FAR R P (K /x,) oK

TR, W22 TF T UG 1E:

P(Ki)P(xjk /K;)

P(K;/x;)=

C

5 PP K) 2)

FR R AR SIS 43S v U T 6 ) e, P
(Kiby) =max P(Q, / x ;) W x, I T Q. 3L i LAE

r=1

AT LR KA P (Kf,) = max P(O, /x,0)

r=1
P (Q,), FEFRIKSR e, B — R B e bR
FAH P (K/x) FROMERAR G, T RIEKHEE
BRPEFRPRIAH T ENE P FELL B 2, KR
EEE T e S A — G A AT e SR
i, B P (K,) =1/,
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2.2 MHEITREEEREE

AE S5 RS2 X T PR ) — RS i 20,
TERORIEE G DR ik —2rp A s i v 1Y,
Horr 1 KB IR R SRS AR BEk, HIFY
TEPR i PPRAEE y,, X S BPE R B2 0 AH X S5 g i
R S;=05 ¢ FBEBRAEARS R, FHAeh5 i brifE
{8y, AT S H R B A SRR R S, =1, W
B 9 R BRI AS TR AR i BIARUELE v, BARXT
SRR s, TN (3) 4hih:

Yi— Vi

S.iZ— 3
’ y_jc_yjl ( )

[F]BE, ATARIE A (4) :

la x/‘k >yjc
Xy =)
_ Jk J1
e yjl<xjk<yjc (4)
Vie=™Vn
0, Xy <V

K AR PRISIEL X FA8 05 Z AT B AR X SR
JEEE o

H1(3) . (4) 208 X 7 FEBE 56 S AR B B AH
SRR AERE R=(r,) 1 S=(s,) o Bl R 20T
n DPEMFEAREY m ASSEPR(EXT “EBRPEREE” (1Y
SN . el 5 Z SRR A TP T A TR P bR
AR T R RUARR SRR thT 1 R
BRPEARE(E A AT SREJE B 0, MO RS R 25T
FEALE R AR TR bRl T 1 Jg Rl (22) RYARiE
(B AR T SR B 1 MO SO X R R AR X SR d5k
PERRE™ % SOMAPR A H

WEk, m SRR T R B B A2 AR,
HOATTAE m WAFEAREIRI A E S IETEN . Rs
[OE v/ 72wk
Vi) s ivi =1 (5)

J=1

Vz(vly Vo, **%
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X5 SR AT PR BRI AL E Ry vy A5
RV LA AT R v PR ) — S5 A
HEESRREL d (v', v") SRR

W= ’ (6)

M=

dv',v")= %
k

1

FHRLR A AR R A B A

v=av'+Bv" (7)

Kb, o B /B EBORIE . BOWIE 2ok
AR C L

[ i Sy 1A — S B s, R ek ORI
FAUAI R LSRR Ay 13k S TR A A5 1 S
BCFI5 R BRI «

d',v'")’=(a-B)? (8)

a+p (9)

BB R R R TR bR (18] 1)
AT BEAL A i TP TR

(D) AL PR EE— D8R X, JRHE—XS
N K, WIHERE P (K. /x,) =P,

1/ L.
Bo=—"—(i=1,2, * **, ¢c; k=1, 2, = * -, n) (10)

21/L,
i=1

P (xy/K) AR5, 5 L, MU
K FRo Ho Ly, RS2 x;, BIARHEE v, 1I40%]
FEES, TR AT

L= x5y | (11)

(2) RS DIPNETR x;, W Q,

1B R SR 7SS o2 e, L P, R
(BRI IR G g B BB PR RN 845 X, BT
W Bo

(3) AL N RRIIANE o),

PR n DREA m THRARAAEFE A AR
R FFEAR A ARSI -

v 0 -0 nw ha o Ny
A= 0 V, o 0 g T T o Ty,
O 0 o vm rml rm2 rmn
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2017 411 H

3 SRR

B S A e ES AW (O o 2 e B b N
K 784 km, AL TE 57.2 km, SAEIFH 2477 km’, )&
W > TR R AU X B Hb 3 5 2,
BHEOK IR E AN R o A B AT
T MU AR 3 A ERA A N HARR R KR
PR = B R BRI RN, AR 48 FRT A8 4 PN AE B
AR AR

{H iz B i /K GRS S e, ] A2 3] A2k
ANEHT R AT YL Rgs2m, K H 25 R R, K5
P B PR ) U S g, s iz B N R IEH
AEIE, T LA 12 EL /KGR SR e () R T PP A,
MR R IMEZIA L

B
, B

h 1, &2 W (3) | (4) 15

0.916 0.906 0.938 0.927 0.886 0.911 1 0.600 0.400 0.200 0
0.795 0.821 0.846 0.872 0.692 0.641 10.744 0.487 0.231 0
0.365 0.431 0.398 0.465 0.365 0.398 1 0.666 0.498 0.331 0
0.834 0.852 0.840 0.823 0.845 0.817 1 0.700 0.400 0.200 0

0.073 0.075 0.071 0.074 0.070 0.073
1.000 1.000 0.200 1.000 1.000 1.000
0.111 0.101 0.091 0.111 0.131 0.131
0.855 0.852 0.848 0.859 0.860 0.847

1 0.400 0.200 0.020 0
1 0.750 0.500 0.250 0
1.0.798 0.596 0.394 0
1 0.800 0.600 0.400 0

0.433 0.625 0.538 0.513 0.575 0.600 1 0.750 0.500 0.250 0
0.070 0.066 0.067 0.068 0.067 0.070 1 0.625 0.250 0.125 0
1.000 1.000 1.000 1.000 1.000 1.000 1 0.800 0.600 0.400 0
0.444 0.500 0.475 0.400 0.387 0.412 1 0.750 0.500 0.250 0
1.000 1.000 1.000 1.000 1.000 1.000 1 0.666 0.333 0.066 0

0.2500.250 0.250 0.500 0.250 0.250 1 0.750 0.500 0.250 0

SCRR T B A5 BRIB] A A T FH LA A
R TIESY, SRS Fahritn) & v=(0.122, 0.084,

25 1ok ST I 5 Y M IR AR 25 A R 6 R 0.06,0.068,0.064,0.044,0.091,0.045,0.064,0.119,
AL R SEIMEARSN T T 3R 2, 0.047, 0.051, 0.054, 0.077) .
£2 6 NMEXRKIENERME

TR bR FEA 1 FEA 2 FEA 3 FEAC 4 FEACS [N
S, 1831.88 1811.88 1876.88 1854.88 1771.88 1821.88
S, 0.32 0.33 0.34 0.35 0.28 0.26
S5 1.1 1.3 1.2 1.4 1.1 1.2
S, 41689 42589 41976 41128 42236 40854
S 365 375 357 368 351 366
Ss 18 17 16 19 18 18
S, 0.12 0.11 0.1 0.12 0.14 0.14
Sg 145 148 152 141 140 153
Sy 34 30 37 39 34 32
S 2.79 2.65 2.68 2.71 2.72 2.81
Sh 67.94 65.23 67.84 68.93 64.29 63.14
S 36 40 38 32 31 33
Si3 29 28 27 30 31 30
Sia 2 2 2 3 2 2
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E 402 A

i (12) THEARLEATER A, FHi5H—1k
EEAACERERE w, i (10) . (11) THEA5 448
PR x; IPEIN SRS B,

0.578
0.531
0.449
0.370
0.416
0.702
0.554
77 0577
0.349
0.421
0.384
0.869
0.309
0.776

R WA B, AT KBV A 45 2R (3F

0.692
0.446
0.455
0.389
0.429
0.637
0.585
0.598
0.686
0.425
0.364
0.768
0.317
0.625

0.651
0.373
0.645
0.430
0.421
0.876
0.524
0.542
0.869
0.430
0.357
0.422
0.297
0.768

0.518
0.624
0.664
0.377
0.433
0.780
0.469
0.538
0.509
0.428
0.392
0.384
0.292
0.776

0.594
0.423
0.455
0.444
0.423
0.780
0.469
0.603
0.422
0.444
0.404
0.463
0.297
0.776

W) gk 3,

23 IR R WoR: oy 2UFE SR Ay I
FEEEHE— 4 T 6 MREARITEMN SR Bos, #F
AHRAE 0.35 ~ 0.55 Z 0], JE T &S, &K
BV B VLIS, (R AR FEAE— RS R

4 it

(1) 250, BHAPERRE AR I EORIRP A EH
HANHENE, 2P AR S GAS Br)
PEOT AR B A E I o SOTIAS SORR 8 52 I A
AEPRRZDATERE, R A XA
B DT IR A T K BRI BRI

(2) A SCAE A AR A JE AL I AAR RS SR
JEFERIMEES, MAEDRIRI IS bR A &R0 A X S5
XA HARBYSZ IR 2 A7 TRISE G i E A REEL

g

x3 XBRMERRITMHMER

PN R FEAS 1 FEAS 2 FEAR 3 FEAS 4 A5 A 6
S, 0.127 0.114 0.153 0.128 0.105 0.123

S, 0.079 0.066 0.062 0.048 0.068 0.043

S, 0.031 0.024 0.024 0.036 0.031 0.023

S, 0.043 0.039 0.043 0.042 0.041 0.046

Ss 0.004 0.003 0.004 0.003 0.004 0.004

Sq 0.066 0.057 0.011 0.070 0.067 0.066

S, 0.010 0.009 0.009 0.009 0.010 0.010

Sq 0.043 0.042 0.047 0.039 0.041 0.045

S, 0.026 0.024 0.043 0.047 0.033 0.029

Sio 0.007 0.006 0.006 0.006 0.006 0.007

Si 0.032 0.033 0.033 0.030 0.035 0.036

S 0.025 0.040 0.036 0.015 0.014 0.018

Sis 0.030 0.030 0.033 0.028 0.029 0.030

Sia 0.027 0.026 0.023 0.050 0.027 0.027
AT 0.548 0.512 0.527 0.550 0.512 0.507

(F#5% 43 7)
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