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Abstract—This paper aims to propose a novel model for the spatial optimization of lakefront land use allocation. The model is 
multi-objective, it coordinate both urban economic development and lake protection. For this reason, a differential evolution(DE) 
algorithm is introduced to solve the multi-objective function. In order to adjust the spatial optimization model to DE, a grouped 
linear encoding is used. Finally, a case study of Hou Lake in Wuhan, China indicates that the current development strategy of 
Wuhan is mostly coordinating and sustainable. 
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I. INTRODUCTION 

Urban land resource is a kind of important resources 
for a city. It has natural attribute and social attribute. So 
the spatial optimization and allocation of urban land 
resource is very significant[1]. Especially, the land 
resources in the lakeside are valuable for both urban 
development and lake resource protection. This paper aims 
to propose a novel model for the spatial optimization of 
lakefront land use allocation. 

The spatial optimization and allocation of land use has 
been a hot point of land resource researches. Some studies 
built models for the land use allocation[2]. For instance, 
Qian proposed a spatial multi-objective model for 
sustainable land use allocation [3]. Zhang and Zeng et al. 
used multi-agent system (MAS) for land use optimization 
in Changsha, China [4]. Miao et al. combined cellular 
automata (CA) model and genetic algorithm (GA) to 
optimize the spatial structure of land use[5]. Other 
researchers focused on the solving method for multi-
objective problem of land use optimization. Liu et al. used 
system dynamics (SD) and hybrid particle swarm 
optimization (PSO) to consider macro-level socio-
economic variables for land use[6]. Li and Parrott 
improved GA to find the optimal allocation of multi-
objective and multi-site land use [7]. Liuet al. proposed a 
parallel decision support system for land use allocation 
based on the artificial immune system (AIS) [8]. 

Although a number of models and methods have been 
proposed, there is still a lack of lakefront land use 
allocation and optimization for coordinate development 
between urban economy and urban lake resource. 

In order to solve this problem, this paper focuses on the 
land use allocation in the lakeside, and proposed a multi-
objective spatial optimization model based on the 
differential evolution (DE) algorithm. This model is 

oriented to both urban growth and lake protection. Finally, 
the model is applied to a case study of Hou Lake in Wuhan, 
China. 

II. MULTI-OBJECTIVE SPATIALOPTIMIZATION MODEL 

OF LAKEFRONT LAND USE ALLCOCATION BASED ON 

DIFFERENTIAL EVOLUTION ALGORITHM 

A. Multi-objective Function 

The goal of the spatial optimization model of lakefront 
land use allocation is to achieve the coordinate 
development between urban economy and urban lake 
resource. Therefore, the total objective function of the 
spatial optimization model is grouped into two main sub-
goals: urban economy and lake protection. 

1) Objective function of urban economy 
The landscape in the lakeside is more beautiful, so the 

lakefront land use is more valuable. For instance, houses 
near lakes have higher price than other places. Therefore, 
in order to maximize the economic value of lakefront land 
use, it is best to transform all land resources into 
developed land such as commercial, industrial or resident 
land. 

On the other hand, land uses in the same lakeside 
might have different values according to their locations. In 
general, land uses closer to the downtown and main streets 
are more valuable than others. 

Therefore, the objective function of urban economy is 
represented as (1): 

max				 ∑ ∙ 

where L is location factor, m is the number of the unit of 
lakefront land use, x is land use type,  is a critical 
function, =1 when x is developed land, or it will be 0. 

2) Objective function of  lake protection 
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According to our precious studies, lake area change is 
concerned with their surrounding land use change[9]. 
Particularly a lake unit is more sensitive to be altered into 
other terrestrial land use type if this lake unit has more 
neighbors of developed land. In other word, if a land unit 
in the lake side has more neighbors of lake unit, it is more 
important for lake protection. So this land unit is best to be 
used for wetland or vegetation, not developed land. 

Therefore, the goal of lake protection is to maximize 
ecological land such as wetland and vegetation near the 
lakeside. So its objective function is represented as (2): 

max				 ∑ ∙ 

where E is ecological factor, m is the number of the unit of 
lakefront land use, x is land use type,  is a critical 
function, =1 when x is ecological land, or it will be 
0. 

In addition, land use allocation should also consider 
their spatial continuity. So there is the third sub-goal as (3): 

min				 CI 

where CI is an index of spatial continuity, L(x) is the 
inside perimeter of lakefront area,  is the maximum 
of L(x). For instance in Fig. 1, =1, =0.25. 

 
Figure 1.  The spatial continuity of lakefront land use. 

Synthesize (1)-(3), the total objective function of 
multi-objective spatial optimization model of lakefront 
land use allocation is expressed as (4): 

 Max				 ∙ ∙ 

 ∑ 

where (5) is constraint condition. It means the area sum of 
all land units is constant. 

B. Differential Evolution Algorithm 

Differential evolution (DE) algorithm is a kind of 
globe optimization algorithms based on the swarm 
intelligence. It was developed by Storn and Price to solve 
Chebychev Polynomial fitting problem in 1995 [10]. DE is 
simple and robust. It optimizes problem randomly using 
few parameters. So DE has been widely used in many field 
such as artificial intelligence (AI), multi-objective 
optimization, image fusion and power grid dispatching. 

However, using DE in the spatial optimization of land use 
allocation is new. 

The fundamental of DE is similar to GA. It works by a 
population of candidate solution. A basic DE algorithm 
includes four phases. For instance, to find the minimum 
value of (6)-(7): 

 min , ,⋯ , 

 				 1, 2,⋯ , 

Where D is dimension,  and  is maximum and 
minimum value of . 

Phase1: Initialize the population with random positions 
in the search-space 

 , 0 , ∙ 				 1, 2,⋯ , 

where ,  is a random number between 0 and 1, NP is 
the number of the population. 

Phase 2: Generate mutants by the difference between 
current candidate solutions. 

 ∙ 				 

where F is differential factor. , , ∈ 1, . 
Phase 3: Cross current candidate solution and its 

mutant to generate new agents. 

 ,
, if ,

,



where CR is the probability of crossover. 
Phase 4: Pick the current candidate solution or its new 

agent alternatively according to their fitness. 


if		 	



C. Solving Spatial Optimization Model Based on DE 

1) Linear encoding 
In general, land use map is a two-dimensional matrix. 

In order to calculate by DE, the land use map is expressed 
by linear encoding, which record the encoding of each 
land unit from left to right line by line. For instance as Fig. 
2, the linear encoding of Fig.2 is {0, 0, 1, 1, 0, 1, 1, 1, 1}. 

 
Figure 2.  The linear encoding of land use map. 
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2) Grouped encoding 
According to the linear encoding, the value of  in (7) 

is only 0 and 1.It is inefficient for DE because the range of 
 is too small. In order to improve the efficiency of DE, 

the linear encoding of land use map is grouped. For 
instance of linear encoding {0, 0, 1, 1, 0, 1, 1, 1, 1} in Fig. 
2, everythree encodings are regarded as a group. So, the 
new encoding of Fig. 2 is {001, 101, 111} or {1, 5, 7}. 
Thus, the range of  is from 0 to 7. And the dimension of 
DE is from 9 to 3. It is conducive to find optimum value 
by DE. 

3) Algorithm flow 
On the basis of the grouped linear encoding, the flow 

of the multi-objective spatial optimization model for land 
use allocation based on DE algorithm is shown in Fig. 3. 

 
Figure 3.  The flow of the multi-objective spatial optimization model 

for land use allocation based on DE. 

III. A CASE STUDY OF HOU LAKE IN WUHAN, 
CHINA 

A. Study Area 

Hou Lake is located in the Huangpi District, and 
borders on the Jiangan District and Dongxihu District. 
Hou Lake lies to the east of Tianhe Airport of Wuhan (Fig. 
4). According to the WUHAN WATER RESOURCES 
BULLETIN 2015, the area of Hou Lake is 19.15 km2. 

The landscape of Hou Lake area is mostly flat. In the 
past, land use round Hou Lake is mainly agricultural land 
because it is farther away from the downtown. However in 
recent years, with rapid urban development, the range of 
the downtown of Wuhan has been expanded gradually. 
Wuhan Airport Economic Zone centered on the airport and 
Huangpi District has been constructed from 2008. 
Moreover, Panlongcheng Economic Development Zone 
and Hankoubei Trade Center have been built around Hou 

Lake. Fig. 2 shows land use classifications in a 1000 m 
buffer zone of Hou Lake area. Therefore, Hou Lake area is 
being from the suburban area to the urban area. So, the 
spatial optimization of land use allocation in Hou Lake 
area is typical and significant. 

 
Figure 4.  The geographical location of Hou Lake. 

 
Figure 5.  Land use Classfications of Hou Lake area. 

B. Spatial Optimization of Lakefront Land Use 
Allocation in Hou Lake Area 

1) Location factor 
According to (1), the location factor L is an index 

indicated how far a land unit away from downtown. In this 
paper, the location factor L depends on four distances as 
follows: 

 D1: Distance from the Yangtze River and the Han 
River. 

 D2: Distance from main roads. 
 D3: Distance from main commercial districts. 
 D4: Distance from main residential areas. 
Then, the location factor L is calculated as (12): 

 ∑ 1 			1 4
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Thus, Fig. 6 shows the location factor L in Hou Lake 
area. 

 
Figure 6.  The location factor L. 

2) Ecological factor 
According to (2), the ecological factor E is an index 

indicated how many lake units surround a land unit. So, 
the ecological factor E is calculated as follows: 

 Step 1: Initialize all land units according to their 
neighbors of lake unit as Fig. 7(a). 

 Step 2: Traverse all land units and update their 
values according to (13), where Vmax is the 
maximum value in the neighborhood. 

 	 1 ? 1 : 

 Step 3: Repeat Steps 1 and 2 until no land unit 
alter its value as Fig. 7(b). 

 Step 4: Normalize all land units between 0 to 1. 
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Figure 7.  Calculating the ecological factor E. 

Thus, the ecological factor E is drawn as Fig. 8. 

 
Figure 8.  The ecological factor E. 

3) Parameters of DE 
In the 1000 m buffer of Hou Lake area, there are a total 

of 37,542 land units. In order to reduce the dimensionality 

of the candidate solution and improve the efficiency of DE, 
every 16 linear encodings are grouped as a component. So, 
the main parameters of DE are shown as Table I. 

TABLE I.  PARAMETERS OF DE 

Parameter Value 

TotalNum 37542 

D 2346 

NP 100 

[xu, xl] [0, 65535] 

F 0.2 

CR 0.1 

GENMAX 20000 

 
4) Strategies for optimization 

As (4), there are and  in the equation. Thus, there 
are different strategies for spatial optimization of land use 
allocation according to different  and . For instance, 
the optimization tend to economic development if >. 
So, Table II lists 5 strategies for spatial optimization of 
lakefront land use allocation in Hou Lake. 

TABLE II.  STRATEGIES FOR OPTIMIZATION 

Strategy   

S1 0.7 0.3 

S2 0.6 0.4 

S3 0.5 0.5 

S4 0.4 0.6 

S5 0.3 0.7 

C. Results 

According to (4), the spatial allocation of lakefront 
land use in Hou Lake area is optimized by DE. Table III 
lists the proportions of the developed and ecological land 
use under different strategies in Table II. 

TABLE III.  PROPORTIONS OF EACH LAND USE TYPE 

Strategy S1 S2 S3 S4 S5 

Developed 
land (%) 

78.13 67.28 60.07 34.55 29.12 

Ecological 
land (%) 

21.87 32.72 39.93 65.45 70.88 

 
Fig. 9 shows the spatial distribution of optimization 

result under each strategy. A compare between each 
optimization result and the overall planning of Wuhan 
indicates that the overall planning map is close to S3 and 
S2. In other word, the consideration of the development 
strategy of Wuhan is given to both economic development 
and lake protection in Hou Lake area. 
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Figure 9.  Comparing optimizaiton results with Wuhan overall planning 

IV. CONCLUSIONS 

In order to coordinate urban growth and lake protection, 
a multi-objective spatial optimization model of lakefront 
land use allocation was proposed in this paper. This model 
built multi-objective function according to three sub-goals: 
the urban economic development, the lake area protection 
and the spatial continuity. The spatial optimization of the 
multi-objective is based on differential evolution algorithm. 
In order to adjust the optimization problem to DE, a 
grouped linear encoding is introduced. Finally, the model 
based on DE was used for a case study of Hou Lake in 
Wuhan, China. The results proved that the multi-objective 
spatial optimization model is able to coordinate both urban 
development and lake protection. And DE is also efficient 
for lakefront land use allocation. The compare between 
each optimization result and overall planning indicated 
that the current development strategy of Wuhan is mostly 
sustainable. 
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