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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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2 (Mathemati-
cal model for optimal allocation of water re-
source)

2.1 (Objective function)
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2.2 (Constraint condition)
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3 PACA (Improvement of PACA)
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3.1 (State transition probability)
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[0, 1] q0, q(q ∈
[0, 1]) . antk k (i,
j) Pk(i, j) [20] .

3.2 (Update of local pheromone)
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3.3 (Dynamic update of
global pheromone)
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3.4 Pareto (Filter for Pareto solution
set)
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3.5 (Basic steps of the algorithm)
Pareto :

1) τmin, τmax, Tmax, ρ1min, ρ1max, K, L;
Fset = zΦ, Tabuk = Φ, t = 0, τ l

ij = 0. : Tmax
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.
2) t = Tmax, 11) , , ;
3) , k = K,

10) , , ;
4) Z f1, f2, f3 ;
5) ;
6) (8) (9) ;
7) ;
8) k = k + 1, 3) ;
9) (10) (11) ;
10) t = t + 1, 2) ;
11) : Z ′ =∑
Z, Z ⊂ Fset; .

4 (Result and analysis)
. 1500 km2,

2009 97.62 , 150000 hm2,
75180 hm2. 230 mm,

8 m; 431.7 Mm3,
345.2 Mm3, 86.5 Mm3;

393.7 Mm3, 279.8 Mm3.
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Fig. 1 Result on land classification in the study area
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0.055 × 104, 0.002 × 104, 0.041 × 104 0.041 ×
104 /m3.
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3K = 180, L = 3, q0 = 0.6, Tmax = 1000,
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α = 1, β = 1.
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Fig. 2 Comparison of the simulation results from

ACA, GA and BP-ANN
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10690.05 12801.22 ( 2010

). f2(x) , ,

,
. f3(x) ,

, ,
,

, .



9 : Pareto 1161

1 ( : 104 m3/ )
Table 1 Comparison of the optimal water consumption(unit: 104 m3/year)

/%

50 50429.84 9987.04 4631.52 50298.97 9861.53 4567.47 130.87 125.51 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 8216.37 4013.91 40964.48 8146.19 3959.23 87.03 70.18 54.68

50 59634.72 13060.64 6538.32 59481.38 12932.87 6468.85 153.34 127.77 69.47
2020 75 49867.53 11584.25 5761.24 49727.88 11458.96 5695.83 139.65 125.29 65.41

95 46618.87 9134.34 4697.35 46452.51 9036.8 4640.57 166.36 97.54 56.78

50 72416.9 15963.89 8028.63 72210.57 15767.61 7923.49 206.33 196.28 105.14
2030 75 68531.07 13529.47 7739.55 68324.58 13346.98 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

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

(P =75%)

f1(x)/(104 ) f2(x)/(104 m3) f3(x)/(104 t)

2010 9849.98 35.38 80.34
2020 10690.05 50.25 107.08
2030 12801.22 57.61 137.17

5 (Conclusions)
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