55 42 455 2 W) WO R R (H AR ) Vol. 42 No.2
2014 4E3 A Journal of Hohai University ( Natural Sciences) Mar. 2014

DOI:10. 3876/j. issn. 1000 - 1980. 2014. 02. 005

MIBAKERRE S 4 RAETRZATEMSHIE

o ALLE AR, HIREL FEH
(IR R s B2 B 0 A R 0L 5 M P T 5650, I 100038)

WE. »WKEFRZAL B RALL" LR T Z A6 B L FBE A RBEES WE FEB K
PR RG % Y4 7y AT 5 b ik S I 4 B A AEAEAE A IR 7 R R 46 AR (B A
), AL FNBEREREARRALLEBERANELX R RELE—F ZA2AAWAE RN IS4
BT FR LA SE B AR AR AR RN A i S — R de Oy A SRS W RIE IR R R
BRRE AR BERGE— AR FTEEAESREFTE, VOETRB A LR B RIER A% S
Yrifide oy RN AR T k6 ST AT

KR, KRB R %, § 4R ; e X5 ) YA R 5 ; W FT R R

FESES.TV213. 4 M EKARERD A M E S 1000 - 1980(2014)02 -0118 -06

Scenario evaluation and optimal selection for
multidimensional regulation of water cycle systems in basins

XU Kai, WANG Lin, GAN Zhiguo, JI Haiping
(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of
Water Resources and Hydropower Research, Beijing 100038, China)

Abstract; Five-dimensional characteristics of a natural-social dualistic water cycle system were analyzed. The
entropy theory and the synergetic theory were used to evaluate and compare the multidimensional regulation
scenarios of the water cycle system. Dominant factors (order parameters) of multi-attributes were regarded as the
evaluation indices for the regulation scenarios. A quantitative relationship between the evaluation indices and the
five-dimensional characteristics of the water cycle system was established. The evaluation indices of system
coordination degree and integrated distances of order degree were established for regulation alternatives in order to
quantitatively evaluate the effects of multidimensional regulation and to determine the optimal scenario. The
feasibility of the proposed methods for scenario evaluation and optimal selection for multidimensional regulation of

the water cycle system were verified through a case study in the Haihe Basin.
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HRAE— B 7K SCA R (BT AR5 ) I B 2 4%
., VAR IR 1956—2000 4F R 51 /K SC 404 Jy 3l
2007 M FEMEAE , AT A R AP AR A S5 (K &2
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Table 1 Settings of regulation scenarios
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Fig. 1 Process of scenario evaluation for

UEECWES KFAR R KHERE, BAKILIE TR IKE/{Zm®  5lEKkE,  WESme/ cob AR/ AEHHKIER
iy ¢ w? Rk TR LT ¢ m® Tt it FIHHE /A m®
2020 36 62. 56 16.8 51.2 5400 53.1 35.13
Fo 2030 0 86.21 31.3 51.2 5500 30.7 41.12
2020 16 62. 42 16.8 51.2 5400 53,1 51.10
Fl 2030 0 86. 21 31.3 51.2 5700 30.7 66. 51
2020 16 62. 42 16.8 51.2 5400 53. 1 51.10
F2 2030 0 62. 42 16.8 51.2 5700 30.7 66.51
2020 16 62. 42 16.8 51.2 5400 53,1 35.13
F3 2030 0 86.21 31.3 51.2 5700 30.7 41.12
‘ 2020 36 62. 42 16.8 51.2 5400 53.1 51.10
F4 2030 0 86.21 31.3 51.2 5500 30.7 66. 51
2020 16 62. 42 16.8 51.2 5400 3.1 35.13
F5 2030 0 75. 00 16.8 51.2 5700 30.7 41.12
2020 16 62. 42 51.2 51.2 5400 53.1 35.13
F6 2030 0 62. 42 51.2 51.2 5500 30.7 41.12

T 7 R S B IR K SR EE S AL R

2 SRR K G IR T A AR 5 R A S BRI , B 10 WU DT RIF MM IRbR (P S i) . BIRYE
JE AL FEKAGERAGRE M ] FRA PR AESF | 8 FH KT A A AR AR A8 o 2N R A ; 57 4k 1k
LAY GDP H1J37E GDP HIZK EEA I FRAR , o Sz W25 /K- K BT P8 A FH AR 5 A 2o 2 s e L DR B b
B L SR N FRUE N EE A bS, B ASR = R A 36 K R /3080) P 8 1 5 28
A M DL K S ST AR 25 K i g8 AR , FAEA SR K I R RE S 5 PRIRE 4 i 1 2K 5 Y HE IS
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B, BRI LA COD A 1 FK D RE DX IR PR 2 A8 bR , I IE S PR 5 T8 S WK BRI it
FIFIZ BFRAHT e 5 ( DAMOS) 7 B34 20 4 7 RO IR 25 1 IR A5 b5 (F S ) BRI
RNEK2,
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Table 2 Calculation results of evaluation indices of regulation scenarios

g gt Z Y AR A4 RBE4E
ﬁ; KA Mk HUFK A¥ TG GDP AMEWE A PN FOpIES COoD KIhfi
S - N N RT=) =) y =) =N =) [T
N JFEEFIH  HRa GDP/ ke Rk memaEs  keEs ASHK AR, Rk
/% /4t m? it m® CRA/WEH) ke A VA Tt /%

] 2020 56.0 36 6.8 48.4 0.74 356 64 37.5 58.02 100

Fo 2030 48.6 0 10.7 30.5 0.79 352 68 42.3 32. 81 100

2020 59.4 16 6.8 48.7 0.74 356 64 37.5 58.24 100

Fl 2030 51.1 0 10.6 30.5 0.79 365 68 42.3 32.69 100

2020 56.3 16 6.7 48.1 0.74 356 64 37.5 56. 41 100

F2 2030 60. 8 0 10. 4 30. 1 0.79 366 68 42.3 31.64 100

2020 55. 1 16 6.8 48.4 0.74 356 64 37.5 56. 51 100

F3 2030 43.2 0 10.5 30. 1 0.79 365 93 42.3 31.66 100

2020 53.2 36 6.8 48.9 0.74 356 64 37.5 58.02 100

F4 2030 48.9 0 10.7 30.7 0.79 352 68 42.3 32.81 100

2020 55.1 16 6.8 48.1 0.74 356 64 37.5 56. 81 100

F5 2030 61.6 0 10.5 30. 1 0.79 365 68 42.3 31. 66 100

2020 56.0 16 6.8 47.9 0.74 356 64 37.5 56.37 100

F6 2030 43.9 0 10. 6 30.0 0.79 352 68 42.3 31.75 100

2.3 AERIEM
2.3.1 FFMARARER AL AR A E 0 H 2

BRI BR 45 P 5 2 Ut 2 2 T O HE AR 52 07, 245 4 K W VR 4R, 746 38
FEOGHE , 34 L™ 45 i P A 8 B 1y B AR SR BT, b A o TSR 2 AT A0k, 5 PR AR AL
AR5 M FIKTF KA IEL 0. 4, b F KGR A 0.6, A3 GDP 0.4, 7778 GDP HIZK & 0. 6, KX 6 HIZK [
(AR /34) 0. 3, AR 0. 7, AMEZK R 0. 4 1B A S /KR 0. 6,COD AT 0.5, /K INBEIX ih bR
0.5), PFHHEPRAYBIA A IR 3,

x3 MR (FSE)WERS HE
Table 3 Ideal values, thresholds of evaluation indices ( order parameters)

TR Z Y ARt HAE IR A
Ge i ek TRk A¥ JIJCGDP ARG AMRE N T A S CcoD FKIBEIX
N FRAME R GDP/ Fk K i % K&/ ki AR/ RERER/

%/ % 1z m? Jigt m’ ORI/ ke ¢ m’ f¢ m* it %
B2 Y 50 0 10.76 30 0.78 375 75 55 30 100
B/ E 45 0 6.00 30 0. 60 350 55 28 30 75
N ] 67 36 10. 76 55 0.80 375 75 55 80 100

T K B IR LR A R 25 T A A2 A5 K B . COD A AT AK T BE IX 3h A5 A0 4 i B H AR, AT
FERE X L HARMEAE N PR FE bR 0 BRSNS, R KR & AR R KTF R R R AR
A3 GDP [A][H R 235 F/K BB YA G, 52T DAMOS RS 14 22 YRBEIL 45 5 | 5% 28 #8e be e g o7 3 26 4
b5 B RE T FIK R GETT R | IFS B 1 oK 58 R 2R-G R v ) [ R85 K S B BLER b, o ik 2
FEFRIEAE S 5 EE ., A GDP AR P2 B R GDP R 72 B AR ) 37 el /K % TR 2 B R 15 2 1Y)
ANF45%], J56 GDP /K A8 bnidE f [ R 435 /K 5 GDP 19 e AE R 713, A2 TG FHK L (k)
L) A FARL 5 5 R U] 2 2 U T i Ak JE AT (2007 4F ) 31 2 A3 AE 18 K GE A5 BLRI4E (2020 4F 2030 4F) A
P34 156 FH K 8 BRI AL 38 P 3 1l DX N3P 38 K 8 B il e, AR AR s 5 3 B 14 A 396 FE K G 1 L
2920 0. 6,0t R IR AT LUK SR 0. 8 , A AF A AT A8 AE 36 FIZK 8 B2 i 0. 78
2.3.2 F—FERN

WGP 2 A 7 R RGBT A () F(2) T RKTEIR R G PMA R 4R L3R 4,



122 ERCPNE N H a2

x4 JEAEAENERE . REMAERERFRESRAES

Table 4 Order degrees, coordination degrees, and integrated distances of order degreesin various regulation scenarios

GEAYIES KR HIyE EX HIFE
(NE] R 4 2V ot A B i CEAHE
2020 0.291 0.226 0. 408 0.391 0.720 0.376
FO 2030 0.975 0.983 0.341 0.578 0.972 0.712 1.040

‘ 2020 0.562 0.218 0. 408 0.391 0.718 0. 426

Fl 2030 0.980 0.975 0.705 0.578 0.973 0.823 0. 809
2020 0.619 0.224 0. 408 0.391 0.736 0. 439

F2 2030 0. 804 0.967 0.733 0.578 0.984 0.798 0.817
2020 0. 641 0.226 0. 408 0.391 0.735 0. 442

F3 2030 0.876 0.976 0.705 0.358 0.983 0.733 0.941
2020 0.342 0.214 0. 408 0.391 0.720 0. 384

4 2030 0.980 0.978 0.341 0.578 0.972 0.712 1.033
2020 0. 641 0.233 0. 408 0.391 0.732 0. 445

F5 2030 0.789 0.976 0.705 0.578 0.983 0.790 0.828
2020 0.624 0.237 0. 408 0.390 0.736 0. 444

¥6 2030 0. 889 0.987 0.341 0.578 0.983 0.701 0.987
2020 0.550 0.203 0. 408 0.391 0.718

F51 2030 0.982 0.958 0.705 0.578 0.973 0.814

M 4 RIAT, Zeid i AR N IBK G IR R Ge b B S B, KOFAE 2020 4F FS TR R G
PAE B ,2030 4F F1 O E RGEUMA SR, BAB PR —I KA, 2 110 IR 15 e e A %8

TE 2020 AR R 7 22 F5 5 RRAIR T Hu R AGHE R &, 38 T 40577 i, COD AT s A 1, Ji sl 4
TR T B K T & R FH R AS 2] FK R R, IR FS 7 IS4 A 7 B B — 8 R, e R4 &%
YEIGA P S S R T WK AE A RGeS &, UM BE . F1 7 8 4F 2030 3G T K & 5 3R H R
KIEFI 2T TR E =25 A GDP, ¥ T M F K FF &R R, SCBUAE S 4 IRBE4E (0 P AR E 1)
RIEE T, R YE 2Pt S5 S0 & A 7, R G0 4R JE PR B
2.3.3 @hFEIRN

W 2 Ge VIR BE B s 1 58 (2020 4ERY F5 F2030 4R/ K1) AHALS  H L F51 728, 0F S SRE T £ LT
e, RIEA T LR AR BT A MRS M T R T LR AR AR 4,

HAELEREW FELEA %I 2020—2030 /KFAER Z4EJEEE T, F1 )7 2 B UK 6 3 2 48 et 1 20k
A8 NIRRT ER TR, RE F51 R —IKAE RGEUMAE s B RALE A P51 T RA )7
JELEAHEES M 0. 814, KT FI HENAEFELAIE 0.809, Ui FS1 7 2 /K6 £ 48 i 5 AR Bl v A &
FI F%, UHARERMERME T B RSN R —E AR,

3 5% iE

AHEFEARE A T R G AR KR R L HEWR P07 S PN 5 LE e 70k | 5800 7% 18 T I ] [ 320
IR R GE 2 HE VR P BRI, By M L 18 1 R SR AR B4 R G 20 4 4% . — T SEMIAL3 07 5, Ul W] o B —
A 7 G AT BB D B L5 IR TT 58, HE P OR R I e iF 1 . 4598 W] O HAB TR K 8 38 R e 2 4
P RBPE SRS %
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