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Abstract: [Objective] Having considered the background of evolvement of water resources under hu-
man activity,the four scenarioes of water resources rational allocation of the Yellow Rivers were assessed.
Its characteristics were described as the allocation in short of water under big imbalance between the de-
mand and supply of water resources,the need sediment transport in order to keep the least control flow of
important cross-section of rivers and maintain healthy life of rivers. The four secenarioes were: the first sce-
nario was designed for similar proportion of shortage among each province;based on the first scenario, the

second scenario reduced sea-going quantities and at the same time increased water resources volume of river
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outside according to serious imbalance between water supply and demand in Yellow River basin;the third
scenario reduced water resource volume for allocation at the same proportion among each province; the
fourth scenario focused on actual consumption of runoff of Yellow River and forecast the water demands of
2020 level year at large. [Method J The independent and feasible index system was designed in this re-
search based on the natural endowment of water resources in basin as the inborn term.development and u-
tilization of water resources as the acquired foundation. Through applying the Projection Pursuit Classifica-
tion(PPC) based on Real-coded Accelerating Genetic Algorithm( RAGA) ., the multi-dimension data were
easily changed into low dimension space and its structure could be indicated based on RAGA , then the opti-
mum projection direction as weight matrix and the value of project function could be obtained. PPC based
on RAGA as the mean method and the Fuzzy Mater-element, the Grey Correlation Analysis as the assistant
method were used respectively and synthetically . [Result) In consideration of the Yellow River water re-
sources rational allocation,the second scenario was the best. [Conclusion) The analysis, concise, effective,
feasible and creative in practical application, can avoid jamming of weight matrix in the method of fuzzy
synthetic judgment.

Key words: Yellow River basin; water resources allocation; evaluation of scenarioes for allocation;

method of evaluation system
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Table 1 Index system of evaluation of water resources in basin
miH 75 EiERN T A = LR A FEAE A A
Ttem Number Index Formula & Calculation Unit Characteristic description
iF S 2 R oK ok v s X3 A% K B R R B oy A AR
T — PR KR AR
1 Normal mean pre T mm Regional climate, water resources volume
L Measured by precipitation gauge S
cipitation volume and distribution
R R I ST A R — S0P Ak B 5 -
v ERERTRA LD 48T KR 8
i &K 7 U Estimation of restoration of an . Al : .
2 . mm Characteristics of producing water and vari-
Runoff volume nual runoff and consistency pro-
. ety of surfaceland
K ¥ 15 SR N cossng
Natural PR KYEUR /57 T LKW
3 Producing water km?® /km? . o
endowment Water volume/Area Spatial distribution of water resources
modulus
of water
resources S B A A5 5
4 C, : Variety characteristics and scatter degree of
Variance/Mean o
precipitation
e N " " AR 22 R R GHFAE L 1 43 A R O
S B 425 02 5 0 10 Gl s IR A T
5 C, Estimated as a multiple of varia- 7 e . .
: Characteristic of variation and asymmetric
tion N
distribution
1 JHK B 5 SR G/ K T R lem? /km? B K R 9 KK
Water use modulus Total water use/Area Water utilization level of per unit area
4K . N -
NPk Y VN : b A4 KK -
2 Water supply per . m*/ A .
capita Total water supply/Total capita Level of water supply per capita
) s . ) 4 1l K B R R K /2 Hl K BE ) _ .
IS SIS DIk Ak i T S D
3 Water development 7= % Degree of local water development and utili-
e Local water supply/Water vol- -
and utilization rate zation
ume
AMHRFEAR ARG AR D ——
4 Agricultural water Agricultural water consump- % T ;
. . . Irrigation intension
consumption rate tion/Agricultural use
L S I i/ Tl K _ -
) A K FE K WFERE/ TAL AR ) 2 Wl X Tl 45 2 HE KRR
5 Industrial water Industrial water consumption/ % . o .
. . Industrial water consumption intension
consumption rate Industrial water use
W A E K LA WA IS K i/ B K & IS A I K 7 B K S 1 H A1)
s Proportion of water ~Water use in urban area/Total % Proportion of water use in urban area among
7%'2;?%}1: use in urban area water use volume total water use volume
Water B s BRI O] R AT K R/ K A b K 1 811K B 0 1 6
development Proportion of water Water use in rural area/total % Proportion of water use in rural area among
and utilization use in rural area water use volume total water use volume
8 ANl HE W A FE R 0% i FR /B b T AR % It 1l B KT
Irrigation rate Irrigation area/Plantation area 0 Irrigation degree of plantation area
sDP 7= i N S
o O JPARGDP IR e g ko e DK GE
p P GDP/Total water use volume Regional water use benefit
stere of water
1K A B L B . .
P i b e oK R /K N
Proportion of water . 9 7K KR
10 . Water supply exceeding stand- % )
supply exceeding ard/Total water suppl Water quality status
standard a otal water supply
e X kbR R g L /2 L
AONBEPCBIRA o i /3 7 e
Proportion of water . . . T G R AT
. . River with water quality comply . . L . e
11 function section . % Potential characteristic of river self-purifica-
. with or better than standard / .
comply with or bet- . tion
River assessed
ter than standard
IR 5L 2 ) L T e ST L A ST s L
RIORAICE] ey sty /9 0 s
Proportion of regi . ; . 0 IORTREE R
12 X River length inferior to class- % . . .
mentation of water . Pollution condition of river
. V /River length assessed
quality
. T KT 55 K B g e 1 .
1 Bk A Gap betwwen water requirement % ok B 1L
Water shortage rate . C Degree of water shortage
ok 2 prediction and supply prediction
Key factor IN T <5
L bl NITRSN =N Yal V25 fed B A A
2 Sea-going & W T R 108 m? T 7 At BRE A= o

quantities

Discharge of each section

Health life of rivers
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Table 2 Basic characteristics of water resources in Yellow River basin

%7K & /mm L AR 3 4 F K B R B 7K A R
B Precipitation Normal mean runoff volume Producing
Province B3/ % Frequency . K P/ mm Y wate
C, C,/C, ) C,/C, .
20 50 75 95 Runoff volume modulus
i
. . 489.5 443. 2 408. 2 361.2 0.12 2.0 135. 8 0.22 3.0 13.68
Qinghai
IZE”” 784. 4 698. 6 634.5 549.5 0.14 2.0 267.2 0. 24 2.0 26.72
Sichuan
H‘F’H 527.2 465.7 420.0 359.7 0.15 2.0 85.2 0. 28 2.0 8.70
Gansu
TE . 339.5 281.1 239.4 187.1 0.23 2.0 18.5 0. 30 2.0 2.04
Ningxia
P
W%ﬁ 325.8 267.6 226.3 174.7 0.24 2.0 13.9 0.31 3.0 3.72
Neimenggu
1 vg oo e o . )
. 595.4 513.3 453.2 375.4 0.18 2.0 46. 48 0. 35 3.0 7.12
Shanxi
Bl . 593.3 515.6 458.5 384.1 0.17 2.0 67.13 0.29 2.0 8.66
Shaanxi
eI 747.9 639.5 560.7 459.1 0.19 2.0 114.0 0. 50 2.5 15.52
Henan
LU?F\ c I I
< 820.6 679. 3 578.6 452. 3 0.23 2.0 102. 6 0.92 3.0 15. 37
Shandong
B P dok
Yellow River 498.7 444, 2 403. 4 349. 3 0. 14 2.0 74,77 0.22 3.0 8. 89
basin
F 3 FEHAREAEZBREFEZF AIERTENE
Table 3 Index value of evaluation of water resources development and utilization in Yellow River basin
. . ; . I N Y] 37 48k
WA H 4 1t il o FEOWEE KR i 39T 7 i %R lefw*";{iﬁer
Index Qinghai Sichuan Gansu Ningxia Neimenggu Shaanxi Shanxi Henan  Shandong basin
JHIKBEEL/
(km?® » km %) 1.77 0.08 3.03 16. 88 6. 14 6.32 3. 20 14. 48 15.78 5. 27
Water use modulus
ANB KR/
(m®+« A7D . - _
4120 1 455 2 388 15 720 11 926 2 224 2 007 3132 2 774 3 835
Water supply per
capita
KGR TT K
| /0
R/ %% 8.6 0.3 34.7 826. 2 165.0 88.7 37.0 93.4 102.4 59.3
Water development
and utilization rate
AR AKAE K/ %
Agricultural ~ water 78.0 0 67.0 34. 8 65.0 41.0 36.4 36. 8 23.4 47.6
consumption rate
Tl KK H/ %
Industrial water 3.90 0 29.0 6.5 14.0 15.2 6.6 8.1 3.6 13.6

consumption rate
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43K 3 Continued table 3

RIEEED

Index

H
Qinghai

il

Sichuan

Hw

Gansu

TH

Ningxia

DET
Neimenggu

3]

Shaanxi

iy

Shanxi

T

Henan

IIFR

Shandong

B VAL I 1
Yellow River
basin

WA S K

LA/ %%

Proportion of water
use in urban area

AT AT K
i/ %

Proportion of water
use in rural area

Al W W3/ o

Irrigation rate

5K GDP
FEHE/ T e m )
GDP  output per
stere of waterV

B R H i/ %
Proportion of water
supply exceed stam-
dard

K RE X ik bR R/ %
Proportion of water
function
comply with or bet-
ter than standard

K IFIEA L/ %
Proportion of regi-
mentation of water
quality

section

4.24 0

4.4

10. 97 23.36

13.5 0

5. 90

1.48

3.06

97.1

37.0

2.17 7.66 7.43

23.46

34.0 47.1

4.06

50.7

20. 48

6.90

59.7

38.31

4.32

14. 84

47.7

AP 1 ST A 805 DA AR L S50 3 ] 9 S
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Table 4

2 PR 3 BAGHATIH PP AR IR 4 Fk 5,

Evaluation result of the natural endowment of water resources in Yellow River

IR G IR BEIR AN Iy ik
Evaluation method of water
resources nature gift

A SR LA DX 4%

Ranking of nine provinces in the Yellow River basin

5% i PPC

W) IG5 H1 Fuzzy Mater-element

WAL FBE BE Grey Correlation Analysis

LR HE LS B Comprehensive Analysis

(PN NG IR NI 7 NS~ INCE i

Sichuan, Shandong, Henan, Shaanxi, Qinghai, Shanxi, Gansu, Ningxia, Neimenggu

LOPIINT NN S IR NI SNTTN IS~ INGE i

Sichuan, Henan, Shaanxi, Gansu, Qinghai, Shandong, Shanxi, Ningxia, Neimenggu

AP IN 7 NN TN IR NTTE SNSRI NEE i

Sichuan, Gansu, Shaanxi, Henan, Qinghai, Shandong, Ningxia , Shanxi, Neimenggu

DU TR L2 S BRVG  H A R L TR S

Sichuan, Henan, Shandong ,Shaanxi,Gansu, Qinghai, Shanxi, Ningxia, Neimenggu

x5
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Table 5 Evaluation result of development and utilization of water resources in Yellow River
N , o PP IR R RETIR 0 N
o 23 AR JH K 3 i J AT IV BRI B KRR B Ga T
A X . Water resources Water . .
. Economy and population Water use Water use . . . Comprehensive
Province . . . carrying capacity environment .
condition intension level L .. evaluation
condition condition
- R ik . ] . ] e
He z‘ﬁﬂﬁ/l /ThyiL . ﬂ&, i %ﬁﬂi{_ﬂ? e E_(thj 7
Qinghai xtremely short “om Lower atching Best ith po
underdeveloped mon all right tential
) Sk 2
- AR R ik it s P RE LA : GRS
. | L ; i With
. Extremely short Matching
Sichuan Low Ubpper . Best greater
underdeveloped all right potential
&R KR — LK PG i " °
o AT ) I B HA L L - A
. Mediate, not devel Com Commonly .
Gansu oped Lower mon matching Middle Balance
o~ hAE R R IR o ) AN VE i ) A
TH . e ik #*
Ningxia Mediate, Not Hich Low Far from matc- Bad Badly out
g1 developed g - hing ad of balance
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N . - ; 7R R RN N
i 3 TR KERE AR IR RN ATRRR gpen
. Economy and population Water use Water use L o . Comprehensive
Province . . . carrying capacity environment .
condition intension level L .. evaluation
condition condition
s W Rk . . i
DSl b Jeik 7 1 I i R Kl
Nei Short . . Imbal
menggu developed High Low Not matching Better ance
- LA 0 ' - . - N
[?{@ . Mediate, not devel- B B AL . Bz Imbal-
Shaanxi oped Lower Upper Not matching Worse ance
CE N S0 . . HEA LI o AT
L7y . Mediate, not devel- B By Commonly B A Hy
Shanxi Lower Upper . Worse Balance
oped matching
IR B ik w 8 R % K
Henan Dense, not developed 3 Upper Not matching Bad A
mon ance
WA B 15 3k - - . e
Shan- Dense, mediate B = AR A . % Imbal-
Lower High Not matching Bad
dong developed ance
T e P 5N N e
ST o s i i —_— 50z %
. Mediate, not devel- Com- Com- ’ . Inferi- Imbal-
River Not matching
basin oped mon mon or ance

2.2 BEBHAFRMER

BT Sk K 9 IR £ A R R AR AL R A AT
U H I K 0 S A AR B Y] 3 ek K Y AR
PR CYRSIMD , H g 45 7K S 4b T [ P4 45 26 Ao
AR TR DL A5 % 4ok A Ak S B i B JF AR A
VL LG T 2 W3 AT R U] L 3 B VT T PN AR A Y
AR Ak I R TE A Y A A A W RN 25 B AR A
B 877 43 7K Ty FE W 3 A A A mE Kk AL TR AR
RLLAHT 55 TR KL A L P 4k TR R 2010 4E L
Je FF R A0 HL 877 43 7K J5 48 7 ST S A ] UK ¢ U
R 45 B LA B R S bt KR R4, PR R AR 2010 4F DLRT
(K AL TR ZR P TR A Sk AR o 28 T0] K 9% U e
J7 A R BT 8774y K T B . FE R KL IR PE £ TR

A R LAHIT 5 B ] K B R A TEC " D kK C B, 3 S

PR3 2453 A K i 44 (KO 1 K B 9] A
Ko AR KA . 45 YRSIM 88 w145 e T
AFPITR L TT R 1R 5 (XD Bk H ] K 3L
AHCHHEATRC S 38 2. 76 7 58 1 W BEah 25 i 1
T 7K P VR AL T OF I 2R B A BIOIR L o e T A K
T AR N B0 T IR A AT R K B & 3 R HUIR
EbAZ T 3 5 ¢ ) AT A K R A R e B T K 2 A
JE 7 58 ) FNCR AT K B I BEAE R R DAY A — B
J5 % A AWE T 2 H A bR FE F A I M 2 AR 0
BN % I8 T 2020 4FE K FAERY R W, 4
FhOTZEBREE 2 Fhor 2 AR 185 /2 m®, Ay 3
Rl 2B AWK 3R 200 12 m®, 3% 4 R Y
FARARE L2 6, K B IR S AN K B IR T & A T
W4 ARl JC BN .
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Table 6 Different scenaroes of evaluation for rational allocation in Yellow River basin
7572 1 The first scenaro 774 2 The second scenaro
b ok %/ % K Y L KRGETFRAA Bok/% K Y L K GEIRTF
Province Water shortage wate resources Wate development ~ Water shortage wate resources Wate development

rate nature gift and utilization rate nature gift and utilization
T Qinghai 19.5 0. 10 0.07 15.1 0. 10 0.07
g Jil Sichuan 0 0. 20 0. 04 0 0. 20 0. 04
Hilt Gansu 21.2 0.11 0. 10 15.9 0.11 0. 10
T B Ningxia 21.7 0.05 0. 16 16. 6 0.05 0.16
N 5% 1 Neimenggu 18.1 0.03 0.10 16.0 0.03 0.10
[ 76 Shaanxi 17.7 0.08 0.11 16.1 0.08 0.11
111 75 Shanxi 15.4 0.11 0. 09 14.7 0.11 0. 09
¥ Henan 16.9 0.13 0.11 14.9 0.13 0.11
11 45 Shandong 15.4 0. 10 0.12 15.0 0. 10 0.12
S i 2 18.5 0.09 0. 10 15.7 0.09 0. 10

Yellow River basin
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43K 6 Continued table 6
77 % 3 The third scenaro 75 % 4 The fourth scenaro
# Bk /% 7K W L 7K YR IF % T Bk /% 7K Ve L 7K YR IF % T
Province Water shortage wate resources Wate development = Water shortage wate resources Wate development
rate nature gift and utilization rate nature gift and utilization
HE Qinghai 27.6 0.10 0.07 21.5 0.10 0.07
pu il Sichuan 0 0. 20 0. 04 0 0. 20 0.04
H il Gansu 31.0 0.11 0.10 25.6 0.11 0.10
7 X Ningxia 31.2 0.05 0.16 25.0 0.05 0.16
M52 Neimenggu 22.1 0.03 0. 10 16.1 0.03 0.10
[ P Shaanxi 19.4 0.08 0.11 17.3 0.08 0.11
111 7§ Shanxi 3.0 0.11 0.09 14.5 0.11 0.09
B Henan 3.4 0.13 0.11 15.1 0.13 0.11
111 45 Shandong 12.5 0.10 0.12 12.5 0.10 0.12
HE ] I 4
Yellow River basin 19.6 0.09 0. 10 18.7 0.09 0. 10
2.3 BEFENIENH HWRBWEE S Y H R T 2020 4 KFAE R T K

TR B D A0 455 70 K I % 9 18 o0 30l 2%
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Fig. 2  Result of evaluation of water resources rational
allocation for four scenaroes
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