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Study on the multiple objective linear planning applied in comprehensive control of small watershed—a case study from
Mimagou small watershed in Shizhu County, Sichuan Province. MIAO Chi-Yuan, HE Bing-Hui, CHEN Xiao-Yan(Col-
lege of Resources and Environment, Southwest University, Chongging 400716, China), LIN You-Lian (Shizhu Water
Resources Bureau, Chongqing City, Shizhu 409100, China), CJEA ,2006,14(3):223~227

Abstract Based on the Mimagou small watershed in Shizhu County, Sichuan Province, through building the four objec-
tive sub-functions, the multiple objective functions were integrated as an objective function using the expert’s weight and
directional coefficient and applying EXCEL software, the optimal solution of the multiple objective function planning mod-
el was determined. From the result, the land use of watershed becomes more reasonable, the ecology balance tends to har-
monious, the proportion of agriculture-forestry-stock is adjusted from 23.32:74.20:2.48 to 24.23:67.67:8.1, the soil
erosion modulus in a year falls from the original 1823t/km? to 1628.4t/km>.
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FERRIE /DI BAL T U A AR EKHE, @A 34.39%km? , BIREE 1135~ 1621m, w2 HBHEKF RV
BEAEEE RBE, FHRE 11.7C ,FEHBWE 1372.6mm, FHRE ZF 47.72% . & 2003 FR 4T,
WHABAD 1349 A Ko gl A0 1320 Ao R 3 K™=l FRAMKIK A 166 7155.7 7T 26 fot,
A3 5 o IR AR A 78.68% .3.31% 1 12.32% A M= 55 7 ke, F3 #7904 . Skg/hm? , Rolk AH 7 H
416.67kg, T HUF 4y AR B AR T LS KB E R AR A B 5 K3, oA & REUE IR K
18.18% .57.87% .13.66% .1.86% 1 8.43% , i T AW R MBIE N 1823t/km’ , FRMER 5.24 T o
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THRRBD LHAL WIS T, RIFLHBEES LY. BFERBEAFAERARK, BERE .
RALMEARERIMES . BE SR ARE K & TUH Y 5 0080 R Fn S 44 AR Ao TR0 | F A RO

BERFEIK, BB T 40 MAREKEM, BB/ 5 FR A EE L R REYEMR KB BARECE

A X B H AR R e T HAR R SN A E S5, 5L 1 AT B AR el 8, BN TR 2 B Am e 8

R—AHER X, (j=1,2,3,,n) W, HRAR KD
Zau X, < b(= b))
X, >0
Ful(X) = Zcm, i

A BRBR F(X)= ) panfa(X)EERIE. chu,x,- HREER, o, SREEREE, 6, WRE
RE, ,, WOMEES, F(X) N4 B RE, £, (X) %8 E A7 R 8, A, % EARH I AR B, b, N
REFEESTE AR, £ RRERRAR AR LS E RS, MR RS R A

BEBNBNH ARESELENRENNES KX ETENRFZIMENZTRRLH, B Xy = 2 AXi

AHFE AN REFREAE, X AF B AR —
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Tab.1 The model decision variable declaration

TRBNR) EEANK ﬁ&AﬁEHﬁﬁ ﬁf]ﬂl

R B X B AR, F 8
ENEENNL 1 FHEHENTERE

ﬂiﬁﬁ v fl%dﬁl@ﬁ ’ﬁ%@ v f‘lﬁdﬁfﬂ 1 ABERE, REERAREZH
ame ariable declaration ame ariable declaration g — . A
X, B EABE %, smmirwasmg 0 HERBH. BREET 1S
X, 2 B 85 A B Xp, agmATHEADE HEER, EIEESPEBERER
X, 3 A B I R A Xs  SHEMATHEARN . AH 1 AR
X, 4 BB BB R EA TR Xa4 2 AR T TEHNNEER {E ks
X | 5 MR E KA U X sawEssamy  F(X)RM, @ THEBRREHTREY
X, 2 G 118 S A 2 b B K A0 B X6 6 BHMBERAATE  HEUAR(EM A REAE, BN
X, 3 4% A SR B PR B B K 20 R MK Xy 3 IR AR i N
X 4 95 95 T KA K Xn  ammmzsass  VRE/MA) EUMAT 1A#H
X, 1 R H Fh ¥ B Xz SHEMBRMATER  AREREMN AT B p, ¥ KREKME
Xy 2 IO M A R A B X3 3 G 3 FET b AR 2 R K win o » X
H‘ ’ ’ > 72N Uy
Xy 3 G I A A R R N X 4 9 0 FFTBA K BT f p"%j 7, SR B/MERE, p
X ARMMBECUTESBREEAREK | Xn S RMBIPRAEK -17 E/RBE LR TER
?3 3Z$:'j‘§$f§§ ’; Ggﬁzgﬁﬁﬁi BERCEEM IR R L R E
14 4 N 34 2 /N’ . N
Xus 1 8 40 2 25 X,  smmmEfamy  CHANERREERORNZE
X6 2 G B M RHE 445 1R 2 X KHE LK TRMAELD. BEIRBHEE
X 3 SR SR B PR R 20 R X3 Pk &R %M s | ¢ 21 4%
Xie  4ARBBEABBHMRERAAK | X BRRRH %?ﬁ&ﬂﬁ{fé&?i“*ﬂiﬁﬁﬁ
X1 2 3 b KR4 R 2 X3 % Rk Hir, 2% L m AR, # e 4
X0 3 R T4 H B A 0 o BB MR K Xu 0SB & R L M KATHE,
F—RK. . +HAK
— R H N UEL
X1+X5+X9+X15 = 199.2 (1)
e 3 /N
X2 + X6 + XIO + X19 + X24 + X34 = 117 (2)
k3 /NTE
X3+X7+X11+X13+X20+X21+X27+X30+X35 =215-6 (3)
WELS: NTE
X4+X8+X12+X14+X18+X22+X28+X31 :456-8 (4)
Bk 3. /N &

X23 + X25 + ng + X32 = 136.17

(5
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Ay S NI L 8
X26 + X33 = 126.23

R AETFRBRAR

BRIEHEEESA, A 66.67Tm* (A O 0.5% K, F 2009 44 1865 A):
X5 = 66.67 x 1865710000
HHRRETE R, ASRBEARET 3333.35m?:
X1+ X+ X3+ Xa+ Xs+ X+ X+ Xg+Xo+ X+ X+ Xpp+ X3+ X4 =621.67
BHIZALTF 133.33hm’:
Xy + X + Xp3 >>133.33
AR EFREREE, FRAEADLTF 66.67hm’:
Xp4 + Xos + Xy = 66.67
AR DT 750kg:
9000Xs + 8250X, + 7500X, + 7500 X5 + 4500X, + 3750X 0 + 3750X,, +
3000X, + 3000X,; + 1500X ;4 + 9000X;, + 7500X 35 = 2797500
HEFE=BAET 186500kg:
4500X, + 3750X,, + 3750X,; + 3000X,, = 186500
MBEBETTRERET 118800 /:
15X, +30X;5+450X, + 15X, + 30X, + 450X+ 15X, + 30X, +30X,, +30X 5 +
30X14+ 30X 6 +30X 7+ 30X 15+ 30X 19+ 30X, + 30X, + 30X, +30X,3 +15X,, +
15X55+ 15X 56 + 15X,57 + 15X55 + 15X 50 + 15X 39 + 15X 5; + 15X, + 15X33;<X118800
Wik35 B ETRAEHT 158400 4 :
180X, + 180X, + 180X, + 180X, + 120 X5 + 120X + 120X, + 120 X5 + 60X, +
60X 0+ 60X, +60X 5 +90X,;+90X 4 +225X,5+90X 6+ 90X, +90X 5 +
135X 10+ 135X50 + 30 X5, + 30X, +30X,5 + 105X, + 105X ,5 + 105X 56 + 135X 57 +
135X + 135X 29 + 135X 30 + 135X, + 135X 3, + 135X 53 + 120 X34 + 120 X35 + 18 X3¢ +
20X 37+ 12 X35 + 5X 30 + 5 X 49158400

FEEXK . FHEAR

(CERE EOE
2400X, +2100X, + 1800 X; + 1800X, + 3000X s + 2700 X¢ + 2400 X, + 2400 X +2400X, +

1800 X,y + 1800X;, + 1500X,, +4500X,; +3000X 4 + 7500X,; + 15000X,, + 15000 X,; +
9750X,; + 8670 X,5 + 8670 X, +2250 X34 + 1500 X 35 — 4400 X 35 — 5110X 3, — 1825 X330

F| 2009 FEBEARTE Fx 993112.5kg:
4950 X, +4290X, + 3630 X5+ 1650 X, + 7500 X 5 + 6000 X ¢ + 4500 X, + 4500 X5 +

4800 X, + 4320 X, + 4080 X, + 3360 X, + 4080 X3 + 2400 X 14 + 9000 X 5, + 8100 X5 +
8100 X6 + 2360 X 50 + 2250 X5, + 2138 X5, + 2040X5;>>99311. 5
e
7500 X, + 6750 X, + 6000 X; + 6000 X, + 9000 X 5 + 8250 X4 + 7500 X, + 7500 X5 +
4500 X + 3750 X0 + 3750 X, + 3000 X, + 3000 X3 + 2250 X 14 + 9000X 3, + 7500 X 35 —
800X 35 — 1095 X 57 — 500 X 35 — 108 X 30 — 110X 49=>0

FEmE . FROL AR

KEE R 250 3%

X36 <250
PRt 350 k:

X137 << 350

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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AR 300 k.

X35 << 300 (20)
BARZF 1500 2.

X39 < 1500 (21)
RERA £ F 5000 H:

X40 < 5000 (22)
S EMHBA KWK EEREMRETBAFEARE, HAWATENR:

F1(X)=12600X; + 9600 X, + 9600X; + 8100 X, + 1125 X5 + 1147.5X, + 2250 X, + (23)

975X, +723.75X 0 + 723.75X1; +723.75X 12 + 1200 X 15 + 1125X 14 + 1800 X 15 +
975X 16 +723.75X 17+ 723.75X 15 + 1425 X 19 + 1350 X 50 + 60 X34 + 150 X5 + 150 X6 +
150 X 57 + 150 X5 + 150 X9 + 855 X350 + 750 X 31 + 750 X3, + 697.5X 33 + 1200 X 34 +
1200 X35 + 140 X35 + 660 X 37 +223.2 X 35 + 15X 30 + 21 X 49
KELWERER:
£(X)=5X, +20X, +60X; + 100X, +3X;5 +12.2X, +36.6X, + 61 X5 +4.5Xs + 18X + 53Xy, + 90X, + (24)
50X 5 +80.25X 14 +5X,s+ 18X 16+ 53X 17+ 90X 15+ 11X 19+ 33X +2.7X,; + 5X +
5X,5+12.225 X4 + 15X 55 + 30 X6 + 50X 57 + 80X 35 + 15X 5 +2.7X50 +4.5X5, + 15X, +
30X 55 + 11X 54 +20X 35

HERERN:
F3(X)=67.5X,+ 120X+ 1185X, + 67.5X + 120X, + 1185 X + 67.5X o + 105X, + (25)
105X 1, + 105X 3 + 105X 14 + 105X 6 + 105X 17 + 105X 15 + 135X 5 + 135X 59 + 150 Xy +
150 X,y + 187.5X 3 + 137.4X,4 + 137.4X 5 + 137.4 X, + 412.5X 5, +
412.5X 05 + 412.5X 0 + 375X 3 + 375 X4, + 405X 55 + 30X 34 + 30X 55
RETFERN:

Fo(X) = 9000X;5 + 8250X, + 7500X, + 7500X; + 4500X, + 3750X o + 3750X; + 3000X,, + (26)
3000X 5 + 1500X 4 + 1500X s + 7500 X5

2 GRE5SWH
2.1 BWESKER
FRAERE" & L L)L) S (X4 FERRBEEREREHNERT A1.4:.45.44,
HER A At +4,= 1, BARENERESES RSN 0.4.0.2.0.2.0.2, BT B REPARER [ 1, BE&
BE F(X)=A1/1(X) = 2,/(X) = A3 3(X) + A fo(X), Fek R (23) .(24) .(25) 26) HEATR &, B 7 72
F(X)=5039X, +3822.5X, + 3804 X5 + 2983 X, +2249.4 X5 + 2093.06 X, +2368.68 X, + (27)
1250.8 X5 +1289.1Xo +1022.4X 5 +1007.91 X, + 756 X, + 1049X 5 +
712.95X 4 + 719X 15 + 365X 16 + 257 X17 + 250.5X 15 + 540.8X 1o + 506.4 X5, —
30.54X,; = 31X, —38.5X3 = 5.93X 54 +29.52 X5 +26.52 X34 = 32.5Xy; —
38.5X 55 —25.5X 39 +266.46 X350 +224.1X3; +216 X3, +273X 33+ 771.8 X34 +
1970 X 35 + 56 X 36 + 264 X537 + 89.28 X35+ 6 X359 + 8.4 X9
iZ Fil EXCEL Ry RIR M@k, 4 B E M Bin  n A RE T, BARBEATE FI(XHHRALMK
Bp KN 2193558.94,4 M F BAREE 1 (X)) f,(X). f3(X). fo(X) B{E R 3214925.09.56001.24,
388258.96.,4093684.29 , g R A B H LK 2,
2.2 MUNKE
BT ERE S EE/DMRER A W BERAR (FHELEKERRF-ERER KL HAE HEM
oA E AR K & 747.87hm? . 2088.9hm? , 250. 33hm? F1 351.9hm?, 4+ B o 3 B E AL 21.75% .60.74%
7.28%F110.23% ; B HOL P4 B 3G B8 (RY) AR B E BOE 4 513X350K (300 2 (1321 7 152 A f1250
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HoMpisB AR 2317 F2 RETEME

JL.6.696 A 5. 1.9815 7 Tab.2 The value of decision variable

JG.\3192 LA 2.6 FiJ0. AN @ mME | R®AER WM | REAR O REA | REEE WA
# ﬁl] % BE s b= A /J\ bl iﬁ Decision Value Decision Value Decision Value Decision Value

g}:?ﬁﬂﬂﬁu% iﬁﬂ*ﬂ;ﬁﬁ:ﬁ variable variable variable variable
Sk K B3R X, 149.20 X 0 X 0 Xy 133.33
(i B 23.32 74.20 : 2.48 X, 0 X, 107.93 X2 123.73 X3 126.57
; X, 0 X3 0 X2 9.6 X5 595.67
VAR K 24.23:67.67:8.1, X, 0 X4 0 Xoq 0 X5, 117
SRV EBR KRR AEE X5 22.65 X5 12.43 X5 166.67 X3 0
%R K 68.02% . MK X, 0 X6 0 X6 333.33 X6 250

. X, 215.6 Xy 0 X 200 X3 350
SKBUJE /N R AR A Xy 225.07 X 0 X2 266.67 Xu 300
A 1723.82 7t, L LRI AT 42 X, 10.92 X 0 X 133.33 Xy 1321
9238250 M A MK X0 0 Xs0 0 X3 66.67 X0 152

4093.68429t, A ¥ 2195kg, th LRI AT 1465kg; /M RBAK LR AL BB ANEH, FLBRME L HIE
1823t/km” %K 1628.4t/km?,
£3 HELRKEGR. EER

Tab.3 The plantation and wood layout and output value

H A /7T
Items B /hen’ Area Net incoming

—% % =% 9% E A& &it

First Second Third Fourth Fifth Sixth Sum

class class class class class class
® % 149.2 0 0 0 0 0 149.2 1879920.00
S S 26.65 0 215.6 225.07 0 0 467.32 224017.05
B OE 10.92 0 0 107.93 0 0 118.82 63274.41
* m 0 117 0 0 0 0 117 140400.00
#woX 12.43 0 0 0 0 0 12.43 22380.00
o 0 0 0 0 0 0 0 0
9
X K 0 0 0 0 0 0 0 0
VN 199.2 117 215.6 333 0 0 864.77 2329991.46
WOE 0 0 0 123.73 9.6 0 133.33 0
Fk 0 0 0 0 166.67 333.33 500 75000
B3 Hk 0 0 200 266.67 133.33 0 600 90000
FA#E K 0 0 66.67 133.33 0 0 200 157000
B 4k 0 0 0 0 126.57 595.67 722.24 510402.50
NI 0 0 266.67 523.73 436.17 929 2155.57 751402.50

W& TRV RA/NRIBIGE KR L IEH 2 B AR LR B B0 AR B/ AR iR BRI R R A R
FRE,E AL BRI, R AL BiR 2 B KRR 7 R R LR, MR T 2 B R A —
MR, HZEE R B4R A B R AT AT 7 58, X MR B Be b AT 2 05 RAFHY , B A 4R R ML R A0 ] SR
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