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Abstract: To solve the optimal allocation problem of water resources with Pareto ant colony algorithm (PACA) and
remote sensing (RS), we develop an optimization model in pixel scales. This model produces the largest social, economic,
and environmental benefits under constraints on water supply, water demand and water quality. By limiting the local
pheromone scope, dynamically updating the global pheromone and filtering the Pareto solution set, we improve the PACA
to make ants move towards the optimal border with higher pheromone density, and enhance the global search capability and
raise the convergence rate. To validate the feasibility and effectiveness of the PACA, a county in central China is selected
as the simulation object, from which the data of the land-use pattern is obtained by using the RS technology. By solving the
multi-objective model, we obtain the optimal allocation scheme for water resources with the aid of PACA on a raster map.
Performance and convergence of the PACA are compared with those of the genetic algorithm (GA) and BP neural network
algorithm (BP-ANN); results show that PACA can effectively solve the large-scale, multi-objective optimization model of
water resources with stronger global search capability and higher convergence rate and precision.
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1 5|3 (Introduction)
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7 24 i A WAT I & RE A AL B0, MO
2:(ant colony algorithm, ACA) g — Ff 3& - FE A4 1) 4
LA AT AR 22 A B2 I Pareto U B
TE(PACA)E —F 2 H AR U5 vES), % 4 k42 1
XL AN B bRyl A ME B &, A R R =
RS PACAR AR Re M R AT I E . &Rtk
b« SRRV L TR T IE OB AR S 0T
KAl 2 Hbs A B A 5k — RS
H b5 7K B8 U5 040 BC B A 7T, PACAI Y H i A 2
DU BRI, AR S 2438 FHPAC AR SK A 7K B YR AL AL IiC
B, JERIEPACALE K BRI A BC B A K i
(RIS SRR o SRR 2 LA R4 SR R g ).

2 KBEIEMALE B M ECF B (Mathemati-
cal model for optimal allocation of water re-
source)

2.1 H#FrAE(Objective function)

IK B IR ACTC & ) H A bR BB FE AL 3G L £
B8 AR S PR B A . B SR N 5T X [ TM
(thematic mapper)XE & 5% 15 1 47 0 71 A1 g 355, 3R X
AIF 5T DX L R 28 28 AR 5 A B AH OC B8 Rk B
AR FH SR AL K B R AL TR O
Hbr ek 5. R MR8 s B AT S I3, 3L
HLMNME TG KAHZKATIE, W2 H bR K IR0 EC
BB

fi(z) =

K
max Y- {[(eff — v )aap+
k=1

(ex —vi)zpay + (e —vp)zpaglBrort, (D
K
f2(x) = min kz:l [Dy — (2" + 2} + 28)], (2)
fa(x) =
K €
min ) [0.01(z}* + 2} + ) > CrO;],  (3)
k=1 e=1

XA fr(z) W& B, Db KGoor- 4 E
PG I K H bR, fo(x) A2 H s, B
Bt R RK B D HAR; f3(x) N AE A IR EE AL
Hbr, LUE G HE E5 Gy 0 HE S B /N o H A,
L5 Q) B FE AL 2 FE 4 B (COD Gy )~ 11 H A 4K
FEA E(BODs) WRE(DO). B (TP)SE; e, e, ek
53 0 R H R K Pm . H R K I AR K IR peh R o
(,5)(0 € [1,1],j € [1, JDWIATNL k(K € [1, KK
2038 R BLCRAL: T0/m3); o, ol vl 43 93 A K IR 25
BTG, HRATIAL K 2 FH R BCRAL: Tem?); o,
a3 A KR AR TG, 7)) RAT MY I A 7K S (AT
m?); o, at, of 43 O KRR K IR OF R LG B AN
o 7N A BTG, §)RAT M AU E RECTH K A &
B, Dy BTG, §) AT T K R CRAL: m®); Of A
Ce o3 M B TT(, ) kAT b HE R 2275 G Pe i) Hi
ZAECFR S (BT mg/L).

T2 0F s H bR R 2 S (o) =2 SRR, T
F R i H AR R AL fo (o) ARSI BE 33 1 H b
PR L f5 () # A SRR /ME, BRI, A T e H bR ek 2L
LG e e KA [, (), X fo(z) M f5 () 0 ) Y 3L A7
AEL, AT AR /N 1) 850 A A AR R Ak i
2.2 AW Z&A(Constraint condition)
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A 25 FR ) 43 ) 32 7 R R 7K A 1 T N s
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FIF Hb R W o AN AR 2 A KA s (7)) A K BR55
LBV R AN, Eoin A KN EEFEECE K 1) 5 AIC
ft; Di, Ds, 43 3 BRI K- R4 GG, 5) kAT TS
Y e I AT HE R AR R VFHE R (AL U4F); 4
hi5 G R e AR

3 PACA %33 (Improvement of PACA)

ParetoS Fif 5775 2 0l it ¢yt 2 H AR AR AL 1n) 8 1
AL HCAE, HA R S BCAE AN Wi 1 Pareto s 10 5K
SEIRIAT. 7K B URAR A BC A 3 Sl 1) 8, oA T s RS
Ay A5 B2, IF HAG B 2= FUA7 B AR i i 747 L
CIE &R ~Sni e Awur sl SN ST I VA Wt
AN SCRC I, WA R TBUE B3R, T HL R A AR
SRy W i GRS 73R RO LT VR &Y SR
IEFEAL R T7 ), 28U HT IR BEd AT KVa R &,
M AE J5 BB Bedb A7 /N B R 2, T B 2% 58 13-4
{155

R TR R SR SR n T i SRR L S R I R
Z N i, S m A R A R B ), AR S H
PACAHHAT T 4 T it
3.1 CRREE B MEE (State transition probability)

T AR S RS SSOHE BE, ) Sy 3
KM, 3 HAR 3 AT R . BRI K éant =
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A0, 1]6)% i go, H— 15 53 A BN Frg(q €
0, 1)) 5 2 4T L. W dilant, 75 55 k45 G FA5 I0(,
J) IR Py (2, 7)) MHE STHR (201 1) 7 1164 T
3.2 JA¥BME B E ¥ H(Update of local pheromone)
— Higilant, 58— AR R G, AT REGE R R
548 JE SR
7.(6,5) = (1= p)ri (i, ) + pATL(6,5), (8
X pHEBHERRE, p € [0,1]; (1 — p)7i(4, )
hy W W ant,, 75 55 kA2 FEAR G, ) S 1 H BRI B
5B F WAL AT)(d, 7) A ant, 78 5 k28 E BB T
(@, L HinfE BRI 5.
TSR As B R, ATL(d, 5) U,
ATi(i, 5) = e fulk), ©)
A fi(k) i ant, 26 £ B0 E 7 3% (D —3)
P A3 H bR 2R B ook H AR R KO B0 N 1) 3R 24
1e{1,2,3}.
h T AR R AR, RN AR SR Fsettt TR
15 JEL 28 0 B AE S PR TR [ i, T ] A5 AT (4, 7)
> Tonaxes WIEETE (4, 7) = Tomass 175 (45 5) < Tonins M)
WETL(i,]) = Tmin-
33 25 B % 3) & ¥ Hi(Dynamic update of
global pheromone)
PSS Y — IR R ST, X T AR T A R
(G T35 8
(3, 7) =
{(1 — )T (i,§) + P AT, ), (i) € Fet,
( U

1- pl)’rli(l:j)v (Zu?) gé Fseta
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e poy 2 RfE B RE, pr € [0,1). pofK

N R Z BIPAC AT SICH B A 4 Jry 18 22 g )21,
N TP A SR AR 2R A8 ) A SIOH B, A UL 4 )R
FAR P, S B R R R, AN
M Bh AL po (. AESKAFAIIY, py HUBAE LR i
SIGH JRE Bt IR AR UK N, 3 R PT A i LA 2=
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pi(t) =
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In(t)

) plmin<p1 gplmaxy

min(1—

7p1max)7 pl > plmax-
L In(t+v)

1D
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3.4 Paretofif £ i 3& 8% (Filter for Pareto solution
set)

% HARCA 1) 80 ) SR A A SR AT — 4 A0 25 7 1 4T
T P (RRAR, BEELAS A T A 4 R R
e DU, BT R DA B Rl P S Sk B e A . A
I, AR FEH 4 T Paretofift 45 1L € #5 Fset. Paretoff# 42
ot 9828 T A7 IR IS AT I T 7 A () Paretofi#. 4N
RAFAT— A B A IR AT AR AT R Ak
H, HSZRcFsetH (1) HEANE, B4 44 1% Paretofi# ¥ /il
F|Fset, FFMIBR A SCHCAR. Wi R Fset fiF i 2 H
B TISE BoE A H, RS 2 H & 2 1
A2 0], BB — AR, ki 4 e 5L
H 1 Paretodpe YU 1)1 (B4 T WSCRFA7 L 2R 11 B BT

W SR LI R, B3N H b 4 AT S
F2 I Ry 08 B R A Sy BT, A s A KT E
AT K BT R K B NG T B S
PP HE R /> B AT A, R E R A
AF SO A PR AT Bl Fsett, MTIAE 835 AT RE Ik 2] —
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3.5 HyEFEA DB (Basic steps of the algorithm)

TKEVEACAL L B [ ParetoUE VLD IR T

1) W T min, Tmaxs Tmaxs P1mins Pimaxs K, Ly 2
Fset = 2@, Tabu, = @, t =0, 7/, = 0. Horp: T
H e RIEARIKEL, Flooo N IARSEE, Tabu, Rn 55k 15
LGHEIS S

2) 4t = Tonax, WS 1) A2, TN, 4R4E,

3) BRI KGR UL, A7k = K, W
10)25, 50, 4R 4L,

4) St H RSB ZI f1, fa, f31H;

5) B I B U AR Ik B B,

6) HRHE A X (8)F(9) AT JR A7 B 2= 5B

7) B RS

8) k=k+1,#53)0;

9) M0y VAT 4 R G B E

10) t =t + 1, 5528

1) Giik 5 70r KK s Is LA e & e 20 =
ST Z, Z C Fset; 5ikgi K.

4 4R 55 Hr(Result and analysis)

ST R Jg b X A B i L S TR 1500 km?,
20094 & A 497.62J5 A, & TR 150000 hm?, 2
TBFHL 75180 hm?. P 2 4F A2 IR 230 mm, - 35 1
KRR 8 m; K B UE R B 431.7 Mm?®, I bt 3%
7K 345.2 Mm?, 1R 7K 86.5 Mm?; - /K H= 7K %t 5 & 1
393.7Mm?, fifi4: 279.8 Mm®.
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Fig. 1 Result on land classification in the study area

M 7K B LA L BB FIPACA, 3 BEAH WY 1)
B SHORN LS T 28R 2, 10 %A 3
2 OICER Sy I

© Tk RNk A AR B T K% 35 &R 500 )
H20.055 x 10%, 0.002 x 10*, 0.041 x 10*F10.041 x
10%7G/m?3.

@ AMIK S KRR K B BE K O R B
U H0.40, 0.35, 0.25.

@ EIE LI BT Tk AR A T R B IR
~40.40, 0.30, 0.20, 0.10.

@ R R, ZEER R R, Tk &k
AR A5 F K1 2% F 2 #5073 1) 12280, 2.0, 1.50,
3.0, 0.5, 1.9076/m®.

® 3K =180, L =3, ¢y = 0.6, Tinax = 1000,
Tnin = 10, Timax = 10000, p1min = 0.2, pimax = 0.9,
a=1, =1

LA 2 B N\ ParetoSURE SLIAFE Y, 1247 10K,
15 B g5 AR AE 1) P B E AR E O 108Uk, T8 T7 Al [F] 1)
WIGE S %0, T 3AE 2 (GA) FIBPA 4 (Y 4% 5.9 (BP-
ANN) 7> IR A FEAT 17 FL(E12).

50 150 250 350

4I50 SSIO 600
EACUER
Kl 2 ACA5GA.BP-ANNT/i FL45 HLL#K
Fig. 2 Comparison of the simulation results from

ACA, GA and BP-ANN

HT 2 Hbr AL S K R R A AL B B A %
BR[2110 77 72 900 JEk AT ok, JEFBPRIE M 4% (1) 7K
U TEC B 1) i N A 30000 3, B2 PR T
B2, A% 3% 0& B0CA 1F 1) Sigmoid bR L, i 2 R
pureline bR 2, W £8 4145 BUAE R [0, 1) T BEHLEL, 15 5%
BB R 2. AE O ) B AR BT R AT 1000
AMGIC I K AN 1% A 25 W9 48 A TR 1047 1)1 2%, 1L 2]
AR E TR EAE0.001 4 1h. K5 Y LR LT (1) P 28 ) 45 A
T B As s 05, BIAT SR /K S AR A B
g

GAFMIBP-ANNIZ AT 104 Ji5 I~ 1- B ik AR £ 3 )
FE162F12057%. M EI2iE 7] LA HY, PACA, GARIBP-
ANNZEA R g S A 53 99 4 2.15 x 10%,1.96 x 108
F11.84 x 108. [K I, ParetodSURE 5% EA B AW 8L
THCPRE RV vy 1) SR ARG B8, A0 SR K Bt YA A IE 2 )
R AT IR AT R,

AT 2D W Pareto R AL v AL AT R IF ) 5
ML fE, R1HH T A R K 4R A [ 4RIE  AA
IF) A Y5 1 7K 08 PR C B K S L gt S i 3R 1 b T
H, 7E2010, 2020f120304F, 13K Km i 7Kn. &b
WK p LK S AL 45 55 IR U 7K AR LG AT L (2
#, A g5 B & FRTAT, Ui P ParetolUHE H5 H AT 4L
e RE.

FHN T AR IK P AET5% AR AE (1) /K W Y8
AL BT . P =T5%IN, 7K % U5 B 8 i K&
VRS f1 () 7E2010, 2020H120304E 73 51 419849.98 1
TG 10690.05 7 76 F112801.22 77 JG(C. 4T & 1520104F
Prak). BRIK R fo (o)A B AR )& H, Bk, )i
BE A KPR K BE2ERCK S 3 Tl K
53R F e R 0 U R FH 203 A5 R it i ok 1 2
AR K ) . TS e HEBGR f3 (o) AR B AR,
U B B A A2 T R, RBE S YA B A N
b, AT IE Sk i R B K vk L A BRI AR
PEFNGEYR 5L L AL YA R RS AR
ME A e, SRR R 0 2 ) AR A PR B
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Table 1 Comparison of the optimal water consumption(unit: 10* m?/year)
Jsth K & UREREE S 7l
KAV BRER/% N . :

WK HURK AMRK EROK HURUK SRR EROK TROK ARREDK

50 50429.84  9987.04  4631.52 50298.97 9861.53 456747 130.87  125.51 64.05

2010 75 45930.3 9045.28  4452.19 45835.82  8967.26  4389.97  94.48 78.02 62.22
95 41051.51 821637 401391 4096448  8146.19 395923  87.03 70.18 54.68

50 59634.72 13060.64 6538.32 59481.38 12932.87 6468.85 15334  127.77 69.47

2020 75 49867.53 11584.25 5761.24 49727.88 1145896 5695.83 139.65 125.29 65.41
95 46618.87  9134.34  4697.35 46452.51 9036.8  4640.57 16636  97.54 56.78

50 724169  15963.89 8028.63 72210.57 15767.61 792349 206.33  196.28  105.14

2030 75 68531.07 13529.47 7739.55 68324.58 1334698 7642.04 206.49 182.49 97.51
95 60953.96  12820.58 6493.49 60751.27 12646.07 6407.76 202.69 174.51 85.73

A2 BAFHERMAR(P =75%)
Table 2 Optimal solutions of objective functions

(P =75%)
HOFAE f1(2)/A010)  fo(2)/10T m®)  f3(2)/(10% t)
2010 9849.98 35.38 80.34
2020 10690.05 50.25 107.08
2030 12801.22 57.61 137.17

5 45 (Conclusions)

AT AR HE T2 ICIKIPACA KSR R /K B 5
A TEC ). PACA L 22 H b R B A S 38 BY. 55K
IR SV R ST R PSS U U VB SR SN
FmPLAIL S5 A 3, A B K& B BE A, T
SE K B PRLAL L E () 2 H A4 . T8 it A
SO T BRI 4R R R A B AR R, L
SEUL T PACAT 42 Jm) 48 2R g ) 5 e S50 5 2 Ta) 1)
A, B AR R T FEA SR S ) LA S
WSS 1 ) . AR S DA Ji i X L A ) LT
%, M TME AR (AR EE, SREX T L1, A B R 7K
PR B A S HE, SEEL T PACASKT K B AL e
R SR AR, 5t JFPACA S GA BP-ANNHEAT X Lt
P F. 45 R R W, PACAREH bR i KGR . £
H AR K BRI PALEL ALY, 3 T 2R R e
FIRNSC S B . it (IPACAANSZ H AR AN B ),
&G SRR 2 H bR piAb ) L.
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