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Tablel  The most stringent water resources management regional type identification index system and grading standards
() / / / / /
T, i <0.70 [0.70,0.80) [0.80,0.9) [0.9,1.00) 1.00
T,/ % ! <10 [10,20) [20,30) [30.40) =40
T5/ mm 1 =1200 [1000,1200) [800,1000) [600,800) <600
T,/10°m*-km™ 1 =8.0 [6.0,8.0) [4.0,6.0) [2.0,4.0) <2.0
Ts!/ % 1 =4.0 [3.5.4.0) [3.0,3.5) [2.0,3.0) <2.0
Ts! % 1 =20 [15,20) [12,15) [8,12) <8
T % ! <50 [50,60) [60,70) [70.80) =30
Tyl % 1 =25 [20.25) [15.20) [10,15) <10
(E) / / / / /
GDP E/m’ | <70 [70,120) [120,160) [160.200) =200
E/m | <60 [60,100) [100,120) [120,150) =150
E; 1 =0.60 [0.55,0.60) [0.50,0.55) [0.40,0.55) <0.40
Eol % 1 =90 [80,90) [70.80) [60,70) <60
Es/m’ i) <400 [400,600) [600,800) [800,1200) =1200
Es/m? i <200 [200,350) [350,450) [450,550) =550
Erl % 1 =40 [30.40) [20,30) [10,20) <10
Eg/ L-d™ 1 =200 [150,200) [120,150) [100,120) <100
Ey/ L-d™ 1 =90 [80,90) [70,80) [60,70) <60
Exl % | <10 [10,15) [15,20) [20,25) =25
(P) / / / / /
P % 1 =90 [80,90) [70,80) [60,70) <60
P/ % 1 =95 [90,95) [85.,90) [80,85) <80
COD Pyl kg 1 =15 [10,15) [7,10) [5,7) <5
GDP  COD P,/ kg l <3 [3.4) [4,5) [5,6) =6
P/mte - ! <5 5.7) [7,10) [10,15) =15
Pyl % ) =95 [90.95) [85.90) [70.85) <70
i1 il .
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:S. z(7) ;D. z(7) "’
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2.3 OFA-PP ).{2015 ) o 2,
Stepl (7). (8) 3.2
OFA-PP , 1. 2
T me ” Qr(a) Qe(a)  Qpa), OFA
Qr(a) \Qu(a)  Qwa). ar.ag.ap, OFA
Step2 o OFA N, d, N=50, £¢=0.90,
T, n, Lo 1n=0.99, T=1000,
; OFA Matlab 2010a M ,
OFA Qr(a) .Qe(a)  Qp(a) , Qr(a) \Qela)  Qp(a) 30,
o (OR Quon (@) |
Step3 (3) o Q(a) (SD), 3 o
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; t Lo
o 3 1 ; Qr(a) Qp(a)
Step5 (6) B Qr(a) Qhes (@) Qv (@)
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OFA  Qr(a) .Qw(a)
Fig.1 OFA evolution curve on the objective function Qr(a),Qz(a) and Qp(a)

Ql'((l)
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2
Table2 The most stringent water resources management area type identification index data of Yunnan Province
T, T, T; T, Ts Ts T, Ts E, E, E, E,
0.726 28.6 949.6 8.694 4.69 21.9 43.24 30.2 45 54 0.52 91.6
0.717 10.7 1218.5 4.937 0.48 15.0 61.72 22.8 85 64 0.52 95.4
0.812 20.4 962.3 5.758 4.67 11.2 61.01 25.2 71 34 0.52 90.8
0.948 8.5 1172.6 5.546 0.30 9.8 76.36 13.6 197 109 0.48 39.8
0.858 14.9 1069.9 4.087 0.54 20.0 62.74 16.7 133 75 0.48 95.4
0.824 2.7 821.8 2.820 3.19 7.8 79.90 9.1 200 81 0.48 423
0.867 6.9 1349.8 2517 1.19 9.2 83.13 6.4 216 70 0.48 60.9
0.910 3.0 1181.9 3.793 0.58 10.1 83.42 59 185 66 0.48 60.9
0.663 9.1 834.7 2.093 0.49 10.4 79.98 9.2 122 40 0.50 93.5
0.869 14.9 1244.6 4.502 1.29 14.5 69.67 14.6 121 50 0.50 93.2
0.868 6.1 1251.6 3.039 1.39 16.0 70.81 11.8 142 71 0.52 74.6
0.840 4.1 1287.5 2.865 1.21 10.1 83.10 5.6 167 61 0.48 64.1
0.781 154 852.9 4.875 1.45 11.7 72.12 14.8 138 66 0.50 524
0.955 5.7 1766.9 6.203 0.82 8.8 85.07 53 244 71 0.48 58.7
0.905 0.8 1523.0 1.170 1.60 10.9 7543 12.0 151 96 0.45 83.6
0.731 0.8 824.0 0.570 0.74 12.4 75.96 10.9 84 92 0.45 56.8
Es Es E, Eg E, Ey P, ) Py P, Ps P
419.6 336 11.28 124 87 13.4 18.0 87.5 5.70 0.825 0.997 94.1
254.3 305 12.60 122 62 14.7 58.5 87.5 2.76 4.398 1.485 85.2
413.7 450 13.71 122 76 13.0 379 81.3 9.02 2.637 4.642 80.2
602.7 434 13.37 133 84 18.2 82.6 85.0 6.87 7.396 15.703 85.4
403.6 406 8.94 120 69 22.8 84.2 88.2 1.38 4.149 2.240 70.1
1063.5 432 19.21 118 49 254 83.0 87.5 4.44 2.288 1.112 85.2
710.0 480 5.34 138 65 19.5 92.3 86.7 6.05 8.118 5.032 77.6
565.3 494 6.96 112 70 20.0 78.6 85.7 6.17 10.894 7.955 83.6
456.4 446 23.95 118 63 15.0 70.0 90.0 5.14 3.760 2.693 82.8
511.7 348 5.23 131 73 21.5 28.2 80.0 5.75 5.400 2.484 78.2
454.4 363 9.88 118 66 22.5 61.5 92.3 3.36 5.488 3.410 80.4
529.9 487 10.69 124 80 24.5 100.0 100 13.87 10.321 4.248 78.0
486.0 344 12.10 118 83 23.0 68.5 87.5 5.34 5.009 1.682 81.8
837.4 375 15.66 141 81 24.5 100.0 100 25.44 10.597 6.200 80.4
791.3 420 6.20 135 61 25.5 81.5 100 3.54 4.598 1.998 61.1
923.6 408 15.59 106 81 24.7 82.0 100 25.61 3.897 1.359 68.7
3
Table3 The various objective function optimization results
Q@) Qui(a) Q(a) SD a (30 )
Qr(a) 1425.6706  1425.6604  1425.6663  3.09¢-3  ay= (0.3214 0.0466 0.0739 0.3944 0.4011 0.3989 0.4409 0.4680)
Qrla) 1981.8628  1981.8511 1981.8557  3.14e-3  ay= (0.33130.2919 0.3081 0.3898 0.3284 0.3099 0.2636 0.2612 0.3010)
Qp(a) 780.5549 780.5547 780.5548 6.65¢—6  ap= (0.2783 0.5542 0.3604 0.3083 0.4654 0.4171)
0 — 2000 78
1400 1950 780
] ok 1900 —om 775 —OrAl
1350 - 1850 o 770 o
—om 1800 o 765 :Sfii
1300 1750 760
1250 1700 I
1650 750
1200 1600 745
1550 740
o 10 10° 10° PO e e g 10' 10’ 10°
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2 zr(i)(a) z5(1) (b) zp(1) (c)
Fig2 Area type projection values of (a) total amount of water control red line z;(i), (b) water efficiency control red line zx(i),

and (c) pollution control red line zp(7)

4 4 ” Z(k)

Table4 The “three red lines” regional type identification grading standards

z1(k) zp(k) zp(k)
=2.1694 =2.9887 =2.0476
[1.6056,2.1694) [2.2337,2.9887) [1.7179,2.0476)
[1.0008,1.6056) [1.6092,2.2337) [1.3987,1.7179)
[0.5510,1.0008 ) [0.8888,1.6092) [0.9363,1.3987)
<0.5510 <0.8888 <0.9363
5 [ ”

TableS The “three red lines” area type identification results

Z'r(i> Zﬁ:(i> Z/’(i)
24142 23903 1.5674 - -
14133 22438 1.4360 - -
1.6823 22542 12784 - -
0.7731 1.5033 1.1680 - -
12272 1.8728 1.3285 - -
0.8466 1.1281 1.6156 - -
0.5866 1.4462 13114 - -
0.5544 1.4946 1.1786 - -
0.7737 2.1229 1.5245 - -
1.0785 1.9990 1.1054 - -
1.0012 1.7746 1.4162 - -
0.6352 1.5984 1.6529 - -
1.0886 1.7291 1.4456 - -
0.6226 1.5243 1.8070 - -
0.7540 1.5092 1.4537 - -
0.7832 1.5344 1.9077 - -
? s (3) 16
E— (OFA) PP s “ - -
. OFA-PP " “ - -
. OPA Qr(a) .Qe(a)  Qp(a) T “ - - i
30 s OPA ; . . “ - -
, OPA-PP AP “ - -
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Identification and Evaluation of Most Strict Water Resources Management Types Based on OFA-PP Model
HU Linkai', CUI Dongwen®

(1. Wenshan Hydrology and W ater Resources Bureau of Y unnan Province, Wenshan 663000, China;
2. Wenshan Water A ffairs Bureaw of Y unnan Province, Wenshan 663000, China)

Abstract: In order to scientifically identify the most stringent water management area types for the 16 cities of Yunnan Province, the optimal
foraging algorithm (OFA)—Projection Pursuit (PP) recognition model was proposed. The index system and grading standards were established
according to the most stringent water resources management including the total amount of water control red line, water efficiency control red line,
and pollution control red line. The index data and grading standard threshold of the various cities of Yunnan Province in 2015 were used to build
the projection index function, the OFA was used to search the optimal projection vector, and the comprehensive projection values and the
threshold values of the various cities were calculated, and the graded standard threshold projection values were used to identify the most stringent
water resource management types in each region. The results show that the OFA —PP identification model has a good recognition effect, and the
recognition results can provide a reference for the implementation of the most stringent water resources management system in Yunnan Province.

Key words: most stringent water resources management; area type; index system; optimal foraging algorithm; projection pursuit; Yunnan

Province



