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Abstract; Optimization model can be used to guide the decision making process in watershed management, but the uncertainty of watershed system could
lead to some risk decision. In this study, an interval-parameter chance-constrained linear programming ( ICILP) model was developed to deal with the
uncertainty in watershed decision making process, and was applied to Taige Canal Watershed optimization, to explore the optimal system solution in
different violation levels. The results show that with the increase of violation levels of water environmental capacity, pollutants and costs reduction within
the system decreased. Due to the cost and reduction constraint, the model will be prone to reduce the project with larger environmental consumption and/or
with lower cut efficiency. But under the constraint of minimum treatment rate, each project reaches a fixed value when the violation probability increases to
a certain level. Higher violation probability could reduce system costs, but would also reduce cut efficiency, thus there is no benefit to watershed
protection. Therefore, in practice, appropriate reduction plan should be selected according to the management demand to achieve the protection of basin
water quality.
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1 5|5 (Introduction)

ek e 7K SO B0 3L 72 S Y W) 5 i %) FE AR B
I, WA T JR K G Jeda il | A= A8 B M £55  BRY
e ad B S A RUBE (XK 48, 2012) ARk B 114
ZoTEPLER A, 5 Y R P H 2R3 £ oK
RGP AR IR T 2 iy 38 1 1 I ) SR B A A
PR ) 0 ( XAE 545 2012) BRI, R R WA T 80k
15 YRIIA BB X, A B2 HEK T Ye b ) 5 AR
(R NRRZY Wy & e 2 R =B iR S e P
(JAF5,2007) LIk 5 et far o B2 Dh A 5 22
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ISR EE TR T AR B /ML ( Fujiware et al.
1986) 25 HL A1) 11 JiA Y ( Takyi er al.,1996) .2 Hix
FRASE AL (4= TF B4, 1990) | A 1 TR I8 (Krawezyk
et al .,2005) \FEJe REE (R BRI, 2006) | )= K
AMTEE (ZE4N B A 2003 ) %5 22 b B AR R (H S
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S DRI AR A0 = 77 BB A (2012) LU & FR i
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Tk X R R R (MILP) | FFBH% 07 iz 3] IR
TR s ZJ5 A 4245 (2011 ) B H 5 Ak X [i]
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TS gt dak i Y 111 nf 1100 43 B v 25 SR BG4 IX Rl A
FAFAEDE R R AT A7 19 KUK , 2010 4F-, Zou %5 (2010)
P T RUBS: S X ) B P R RS 8 ( REILP ) L %
TSR P e T TR T T R AU 7K -, A TSV O K
(Liu et al,2011) FHEALH 7 5K ( Zhang et al,2013)
BRI A 2 AR 32 . X 38 i K 22 DA X [A] 43 At
SRR 3 A0 SR S TR R 4 %) AT A k.

SRIMAE KI5 G 67 ff 23 BOASE AL o | o 17 IX ] S 4
DISE i 25 LIBENLIE 200 BRI S8, oK A B 48

B (FFE5E,2010; 255Xk, 2012) .11 TLP A8 AT 4t
SeAs o B BON LA (X (1) ) RIS IE TCRE N 1. 8L
YL (CCP) REAT R FAR AU v 27 11 Bl HIL
At A (BRAE 2R 4, 2009 5 95 45 45, 2009) |
REVRAS B (SR IBE 28 45 2009) | /K Bt 45 0 (25 1 3K,
2012) A T iz 38 F 1 AE 7K 5 e 6 fe 43 e 5 T A
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TS YL AT AL A BO R TR | LAk B Sk S i FE b
B AR E L.

2 RESHHSARELEMNKER (ICILP model)

2.1 REZHMNESHREERNAER KR *
ICILP #5584 D) IX 1] 5 #5 BEALIE 2URan A v 5L
SR IZAERY AT DUAE V5 G ) 8 i R A — e AR
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( Chinneck ,2000) .CCP REM%AbHAE A A7 T30 BEHL 1
295 ( Huang, 1995) , ¥ CCP BLAY A7 A F] X [1] K1 K1)
MEZE R RRAE T INA A AL AR A R A B C fETEIY
AN E . X B SEWL S ARG AR .
Minf*= C* X * (1)
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k=1
K
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Table 1 The abreviation and meaning of symbols in model
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IST 55 b BTl Al v R / DTP & WYBEIELE & 43A 1 Ho /
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3 ZPBIFZR (Case study)

3.1 HREXEEHE

KRR IB T AL T VLR H M T sk X e &, 2
D =R =0 B T 2 — S 5 R R I8
AL ) FE B K A EE R R 3 AR 2
— AN BEA IR TR N TR XS R v
] 2R 43 1) 5 2 I DX 10 i 8 A 5 MR A, AR A
(RN WBAL TR MST BN, THE X% R RECA
KT SRk, Kigis i i N s Yo & H 25
Wz | A5 YLty S Y 32 K B AL, 45K
WA L i ™ e, R, XHZ sk N Vs e
HER A A BRI T A A R AR i COR TR
BT K FRBE LR G BRI ) v i sl Rl (BT 1) Rl

0 2 4 6 8km

1 KiREmARiEseEE

Fig.1 Taige canal watershed

I3, R Z T A0 DX A 455 X X B
PR BRI MR (AR A3 ), AR Xl T AR 179.06
km®, H:¥5 ) 59 A7 EUR
3.2 HA S
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4SBT BE R 2013—2020 4F 25 =B Bl 2021—
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ASEMAE R KX RS, BESH LT
BE, SR A Aok B2 43 Ry PR —F A8 G 3 oK i ABE AR v 8
SR 2, B T R BRI, A8 Hh R o Rt i By
5 YR A B A 45 T 5 K HE IR | A A 6 TS e
U5 AR A G T K HEBCI AR s G HEOR B S
TR TG Y HETBOIR 7K 7™ R 5 5 G HE IR, BiE £
T ORI IB T K PR B 255 B G FLA0 ) FhSCHR (R
TS TR K AR 5 Y AT ) (9K SC 5 ,2012).

T O B R D 32 2 R S (AT
SIS YRS A KRR A i E R
g JE] Rl — 2 Y L N 3l o HE SO TS B il
A TR A DA K R0 25 i A 3 S Y I
A AT R TG ) S PR A A — R L ATR
TR ZS 5 T3 P 100 T A 23 X6F f5e 28 10 T i 285
IRIE R K e A BOE BAF K 1-¢,, B3R
TN J TP FeiF A i 29 5B ST (R R K 2 /0 2
KT EAFKN 1—q, 8 A OCEHE 70, % 1831 S ik
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Table 2 Main parameters of Taige Canal Watershed ICILP model

AT B MIW IST/ RWT/ USPN} RRW/ NPCR}
k=1 [0.30,0.40] [0.30,0.40] [0.50,0.60] [0.40,0.50] [0.40,0.50] [0.20,0.30]
k=2 [0.60,0.70] [0.60,0.70] [0.70,0.80] [0.70,0.80] [0.65,0.70] [0.50,0.60]
k=3 [0.80,0.80] [0.80,0.80] [0.90,0.95] [0.90,1.00] [0.85,0.95] [0.80,0.85]

A B SBRj ACPR EWS RRE} AWP? DTP?
k=1 [0.35,0.45] [0.25,0.35] [0.30,0.40] [0.30,0.40] [0.30,0.40] [0.25,0.35]
k=2 [0.60,0.75] [0.50,0.65] [0.60,0.70] [0.60,0.70] [0.60,0.70] [0.50,0.60]
k=3 [0.80,0.90] [0.80,0.85] [0.85,0.90] [0.85,0.90] [0.85,0.90] [0.75,0.80]

T [ ] IR XL

®3 AHEEERMET TN B TP RFENHE

Table 3 The Distribution information of uncertain environmental

capacities for TN and TP

ANEERMEAR (g,) TRIARFABIE/ (1-a™")
Wl BRI B
0 0.01 0.05 0.1
k=1 13.790 14.489 14.984 15.371
TP k=2 10.460 11.159 11.654 12.041
k=3 8.120 8.819 9.314 9.701
k=1 289.82 296.81 301.76 305.63
TN k=2 248.35 255.34 260.29 264.16
k=3 208.45 215.44 220.39 224.26

4 R 51Fi8 (Results and discussion)

4.1 MREREHM
FH LINGO 4%t 1ICILP BRI E 47 4 AR At , vl

DI BITEA RS R AT 3 BB 12 DR
FE 3 A DX P B RUARE. T e B A, A8 R
A TR SR HG AR S AN BAR LR 4. AR
ATLUE Y, 7E 4 Pl RERIEIE T, TR 2.3,
4.5.9 B AR, T HA 7 Fb TR O S WE A 1 M
KV A3 T HH AN (R B i/ b DL 28
1.6.8 .10 Jg /bt L 3 = 2 il 4 36 SO MR 1Y) 38
T, TN TP 98t 9l /), b T 32 280 1 el sk A A
F Rl AR P 24 B, 3R G B 1) AR R IR B AR AN AN
PR A08 205 v P TR A e T 9/ ) 98 A AR X6 ¢
KA T REHE .

£4 FRBREEKTT X BRERMEA

Table 4 Optimal solutions and costs of X7 with different ¢, levels

A LARDT BRI/ (m? - d ™' 8 hm?)

5 Je il AR/ 108 J6

VES
q;,=0 q;=0.01 q;=0.05 q;=0.1 ;=0 ¢;=0.01 q;=0.05 q;=0.1

j=1 [16077,16339] [14010,15917] [12861,15917] [12861,15917] [0.12,0.23] [0.10,0.23] [0.09,0.23] [0.09,0.23]
j=2 [12861,15917] [12862,15917] [12861,15917] [12861,15917] [0.46,0.70] [0.46,0.72] [0.46,0.72] [0.46,0.71]
Jj=3 [988,1049] [988,1049] [988,1049] [988,1049] [0.03,0.10] [0.03,0.10] [0.03,0.09] [0.03,0.09]
j=4 [9036,10600] [9036,10600] [9036,10600] [9036,10600] [0.38,0.55] [0.38,0.55] [0.38,0.55] [0.38,0.55]
j=5 [10024,11136] [10024,11136] [10024,11136] [10024,11136] [0.25,0.35] [0.25,0.35] [0.25,0.35] [0.25,0.32]
j=6 [6550,6798]  [5559,5887]  [5240,5778] [5240,5778] [2.23,2.84] [1.89,2.44] [1.78,2.39] [1.78,2.38]
Jj=1 [195,214] [195,214] [195,214] [195,203] [0.28,0.50] [0.27,0.50] [0.26,0.50] [0.25,0.46]
j=8 [947,1121] [887,955] [887,955] [887,955] [0.35,0.60] [0.33,0.50] [0.32,0.49] [0.32,0.49]
Jj=9 [60,60] [60,60] [60,60] [60,60] [0.06,0.07] [0.06,0.07] [0.06,0.07] [0.06,0.07]
j=10 [460,460 ] [460,460 ] [420,443] [410,414] [0.58,0.80] [0.57,0.81] [0.54,0.73 ] [0.51,0.68]
j=11 [200,200] [200,200] [180,180] [170,180] [0.40,0.70] [0.40,0.65] [0.36,0.58 ] [0.34,0.58]
j=12 [212,223] [223,223] [223,223] [202,223] [0.08,0.10] [0.08,0.10] [0.08,0.10] [0.08,0.09]
Bt / / / / [5.22,7.54] [4.82,7.02] [4.61,6.80] [4.55,6.65]

=1 Tl 5K bRl s A B T AR ;=2 S Tl A3 T A 7 T 5 = 3 3l is kAL B % TR ;=4 W5 KA M Eig T ;=
5 RARKT AR TS K AL B TR 5= 6 AL TS Yo il TR ;=7 & S IR T EALAL B T AR 5= 8 NGRS T R E TR ;=9 Iy Kimiz
T BB AR T A 5= 10 Jg il i TR ;=11 S K8 I Ak 250 b R 20 S B s e i TR = 12 S K IRIs I X 2 S VA T TR

REZVAIES 8
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4 FPHEZIK T 45 B Be oG O, B R 457
RN ZEPESR B, B - B TR R
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Fig.2 Optimal costs under different ¢; levels

43 TN X TP Hl W & 47

I 3 RIS AR I H 7 H sl 115 T A5 3 U
BN TN S TP B9AEHI A &, AR ULIE 3. A&l
AILVE TN F TP AEHIR A 3 B Beg D3k,
4 it FOBERACE T, S5 SRS 800 TN A9 A
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