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Abstract  

The planning of rural land space utilization is a very important problem. In this paper, the ob-
jective function of rural land use planning was analyzed firstly, and then the improved particle 
swarm optimization (IPSO) algorithm was obtained by improving the inertia weight for solution. 
The results showed that the land space use in the study area was more reasonable after the plan-
ning based on the IPSO algorithm, the forest land and construction land increased, the area of 
grassland, cultivated land and water area reduced appropriately, the aggregation degree of all types 
of land improved, and the space distribution was more planned, which was more conducive to 
production activities. The analysis results verify the effectiveness of the IPSO method in land 
space use planning, which can improve the efficiency and benefit of land space use, and it can be 
popularized in practical application. 
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Introduction 

As an important part of economic development, the 
rational use of land resources can promote the further de-
velopment of the economy, on the contrary, it will hinder 
the economic development and even cause irreversible 
negative impact on the environment [1]. In the process of 
urbanization, the rural land space use has been greatly af-
fected. A large number of rural land has been transformed 
into urban land, and the types of land space use are be-
coming more and more diversified. However, there are 
also problems such as low land use rate, serious pollu-
tion, soil erosion [2], etc. The refore reasonable utiliza-
tion planning methods are needed. Ai et al. [3] studied the 
land planning of the fast-growing coastal areas, designed 
a land space use planning method based on ant colony al-
gorithm, analyzed the planning scheme by taking Dou-
men District as the research area, and found that the most 
reasonable scheme was to consider economic develop-
ment and environmental protection. Gong et al. [4] estab-
lished three target driven planning schemes according to 
the situation of the study area and found that Scheme C 
increased the suitable habitat area of red crowned crane 
by 24 % and the regional economy by 41.3 %, which 
showed good operability. Mohammadi et al. [5] designed 
a hybrid algorithm combining with meta heuristic method 
to solve the problem of land use optimization and found 
through practice that the method had high quality and ef-
ficiency. In order to improve the situation of soil and wa-
ter loss in the Loess Plateau, Han et al. [6] optimized the 
land use mode in Luoyugou watershed of the Yellow 
River Valley. The results showed that the runoff and sed-
iment yield in this area decreased after optimization, 
which had a significant effect on reducing soil and water 
loss and increasing vegetation coverage. In this study, the 

planning problem of rural land space use was solved by 
using an improved particle swarm optimization (IPSO) 
algorithm, and a town in Guangzhou was taken as the re-
search area for example analysis. This study aims to 
make some contributions to improve the efficiency of ru-
ral land space use and promote the harmonious develop-
ment of economy and environment. 

Rural land space use planning 

The purpose of rural land space use planning is to re-
alize the sustainable use of land through scientific and 
reasonable arrangement [7], which involves the maximi-
zation of economic, ecological and social benefits [8]. It 
is a multi-objective planning problem, specifically as fol-
lows: (1) economic objective: to enable limited land re-
sources to produce more products; (2) ecological objec-
tive: to realize the relationship between human and land 
and between human and nature; (3) social goal: to pro-
vide the most efficient service possible. 

In the mathematical model, the land to be planned can 
be expressed as a N×M grid cell, in which there are k 
types of land space use, and the utilization area of differ-
ent types is set as Sk. Three objective functions are select-
ed as the planning objectives of land space use:  mini-
mizing the conversion cost objective: before and after the 
planning, the conversion of land space use type needs to 
invest a certain amount of cost; less investment cost indi-
cated more reasonable planing;  maximizing the degree 
of land space aggregation: in the planning of land space 
use, the land with the same purpose should be clustered 
as much as possible to reduce land fragmentation, which 
is more effective to improve comprehensive effect; 
 maximizing land suitability: in the planning of land 
space utilization, the higher the suitability of land for 
some purpose, the larger its positive influence on econo-
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my and environment and the more reasonable the plan-
ning. In addition, in the land space utilization planning, 
the planning effect should also meet some constraint con-
ditions, and the constraint conditions set in this study 
mainly include:  the total planning area is the sum of all 
types of land areas;  there is only one type of land in a 
unit, so the final objective function can be expressed as: 
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where Cc  is the conversion cost of unit (i, j) transform-
ing from purpose c to purpose , Xijk is a binary variable, 
if the use type of unit (i, j) is k, then its value is 1, other-
wise its value is 0, Bijk is the number of land whose use 
type was k in unit (i, j), Aijk  is the suitability when the use 
type of unit (i, j) is k, and S stands for the total land area. 

IPSO algorithm 

1. PSO algorithm 
PSO algorithm is an algorithm [9] inspired by the for-

aging behavior of birds, which has been widely used in 
combinatorial optimization problems [10]. In a D–
dimensional space, suppose that the size of particle 
swarm is N, the position and velocity of the i-th particle 
are xi=(xi1, xi2,, xid) and vi = (vi 1, vi 2,, vid), the historical 
best position of individual is Pi, the historical best posi-
tion of swarm is Pg, and updating formulas of position 
and velocity can be expressed as: 

   1
1 1 2 2

t t t t t t
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1 1t t k
id id idx x v   , (3) 

where t stands for times of iterations, w stands for in-
ertia weight, c1 and c2 are acceleration constants, in (0, 2), 
and r1 and r2 are random numbers. 

IPSO algorithm 

The value of inertia weight has a great influence on 
the convergence performance of the algorithm [11]. In 
order to obtain better optimization results, the inertia 
weight of the algorithm is determined by the following 
equation: 
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where wmax and wmin are maximum and minimum values 
of inertia weight, avg and min are the average value and 
minimum value of particle fitness, and tmax stands for the 
maximum times of iterations. 
2. Rural land use planning model based on IPSO 

Suppose that there are five types of land, which is 
coded by integer alignment of 0 – 5. The specific relation-
ships are: 1 – forest land, 2 – grassland, 3 – cultivated 
land, 4 – construction land, 5 – water area, and 0-non-
research object, which can be represented by a two-
dimensional matrix. Taking Fig. 1 as an example, it is a 
4 × 4 grid network, (1, 1) = 0 indicates that this unit is not 
in the planning area, (3, 2) = 5 indicates that the unit is 
water area. Each particle represents a land space use 
planning scheme. The problem is solved by IPSO algo-
rithm, and the process is shown in Fig. 2. 

 
Fig. 1. Distribution of land space use types 

 
Fig. 2. The solution flow of land space use planning. 

Case analysis 

3. Research area 
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The research area was a town in Guangzhou, with a 
total area of 116.78 square kilometers, and abundant for-
est vegetation. There were a large number of village and 
town enterprises, which promotes the economic devel-
opment, but the demand for construction land in this area 
becomes more and more vigorous, occupying a large 
number of cultivated land and causing land pollution and 
waste, so it is urgent to make a reasonable planning for 
the local land space utilization. The current situation of 
land space utilization in the study area from 1996 to 2016 
is shown in Table 1 and Fig. 3. 

Table 1. Proportion of different land space use types (%) 

Land type Forest-
land 

Grass-
land 

Cultivated 
land 

Construc-
tion land 

Water 
area 

1996 37.62 27.18 29.36 5.62 0.22 

2002 36.78 26.03 29.12 7.82 0.25 

2006 36.14 25.49 28.12 9.37 0.88 

2012 37.54 23.67 24.98 12.56 1.25 

2016 37.69 22.56 18.67 20.34 0.74 

 
Fig. 3. Changes of land space use types in 1996-2016 

It was found from Table 1 and Fig. 3 that the land in 
the study area mainly consisted of forestland, grassland 
and cultivated land between 1996 and 2016, with a slight 
increase in the area of forestland, a decrease in the area of 
grassland and cultivated land, and a significant increase 
in the construction land. 

The land space use pattern in the study area in 2016 
was analyzed using land landscape index [12]:  the 
patch density = the number of type patches / the area of 
class, and the larger the value, the higher the scatter de-
gree;  the shape index = the perimeter of the smallest 
circle of patches / the perimeter of patches, and the larger 
the value, the more complex the shape;  the landscape 
isolation degree = the minimum distance index / the area 
of class patch, the larger the value, the higher the isola-
tion degree. The analysis results are shown in Table 2. 

It was found from Table 2 that the scattered degrees 
of the construction land and water area were relatively 
high, i.e., the distribution was scattered, but the shape of 
patch was relatively regular, while the aggregation de-
grees of forestland, grassland and cultivated land were 
relatively high, i.e., the distribution in space was concen-
trated, and the shape of patch was relatively complex. 

Table 2. Analysis results of land landscape index 

Land type 
Forest-

land 
Grass-
land 

Cultivated 
land 

Construc-
tion land 

Water 
area 

Patch density  0.18 0.21 0.04 1.21 1.33 

Shape index 2.36 3.51 5.12 0.64 0.07 

Landscape  
isolation degree 

0.51 0.58 0.13 4.11 8.71 

4. Parameter setting 
The land space use of the study area was planned us-

ing the IPSO algorithm. The study area was divided into 
11678 grids in a size of 100×100 m, the population pa-
rameter of particle swarm was 20, and the acceleration 
constants followed the general setting way, c1 = c2 = 2, the 
number of iterations was 1000, and the inertia weight was 
adjusted according to equation (4). 
5. Planning results 

The IPSO planning results are shown in Table 3. 

Table 3. The planning results of IPSO algorithm 

Land type 
Forest-

land 
Grass-
land 

Cultivated 
land 

Construc-
tion land 

Water 
area 

Number of grids 4501 2622 2074 2396 85 

Proportion / % 38.54 22.45 17.76 20.52 0.73 

Compared with 2016, the forestland increased by 
0.85 %, the grassland decreased by 0.11 %, the cultivated 
land decreased by 0.91 %, the construction land increased 
by 0.18 %, and the water area decreased by 0.01 %. The 
planning results were analyzed using land landscape in-
dex, as shown in Fig. 4. 

 
Fig. 4. Changes of land landscape index 

It was found from Fig. 4 that the indexes decreased 
and the patch density of different types of land decreased 
after planning by the IPSO algorithm, indicating that the 
distribution of different types of land use was more cen-
tralized, and the shape index also decreased, indicating 
that shapes of different types of lands were more regular, 
the landscape isolation degree significantly reduced, indi-
cating that the layout of land space use was more com-
pact, the land use was more reasonable, and it satisfied 
the intensification requirement on the study area better. 

Discussion 

The planning of rural land space use has very im-
portant practical value for exerting the potential of land 
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use, realizing the balance of land ecosystem [13] and 
promoting the harmony between human and land. With 
the development of city and countryside integration [14], 
it is more and more important to solve the problem of ru-
ral land use. At present, there are many problems in the 
rural land use: (1) the construction of rural infrastructure 
is not perfect and the layout is scattered; (2) the construc-
tion land is idle and the utilization degree is low; (3) the 
farmers engaged in farming reduce and the cultivated 
land is wasted; (4) the land structure is unreasonable, the 
land quality is poor, and the exploitability is low. In order 
to solve the problem of rural land space utilization, it is 
necessary to plan it through scientific methods. 

In this study, the objective function of land space use 
planning was analyzed, and then it was solved by the IP-
SO algorithm. It was found from the research results of 
the study area that the land space use situation of the 
study area was more reasonable after planning by the IP-
SO algorithm. Firstly, the area of forestland increased, the 
area of grassland slightly reduced, but the sum of the 
them was still higher than that before the planning, and 
the distribution was more compact, showing that the 
planning protected the green land in the study area and 
improved the local ecological benefits. From the perspec-
tive of cultivated land, the area of cultivated land de-
creased by 0.91 % after planning. With the development 
of society and economy, the number of farmers engaged 
in farming in the countryside decreased gradually; there-
fore the appropriate reduction of cultivated land was rea-
sonable. It was seen from the comparison with 1996–
2016 that the reduction of 0.91 % of cultivated land was 
far less than the reduction of cultivated land in the past 20 
years, and moreover the concentration degree of the cul-
tivated land improved, which was more conducive to the 
development of agricultural activities. From the perspec-
tive of construction land, the area of construction land af-
ter planning increased by 0.18 %, which was to meet the 
demand of industrial development in the research area for 
construction land; more over the distribution of construc-
tion land was more compact and tends to concentrate, 
which was helpful to meet the demand of production ac-
tivities. Finally, from the perspective of water area, the 
water area only reduced by 0.01 %, which showed that 
the planning achieved the protection of water environ-
ment and the harmony between land use and ecological 
environment. 

Although some achievements have been made in the 
study of land space use planning in this paper, there are 
still many shortcomings. For example, only five types of 
land were considered, the objective functions chosen 
were few, and whether PSO algorithm can be further im-
proved still needs further study. 

Conclusion 

Taking a town in Guangzhou as an example, this 
study set the objective function of rural land space use 
planning and solved it with the IPSO algorithm to obtain 

the best planning results. The results showed that the are-
as of forestland and construction land in the study area 
slightly increased, while the area of other types of land 
decreased. From the perspective of land landscape index, 
the distribution of different types of land was more com-
pact, and the aggregation of land space use significantly 
improved, which verified the effectiveness of the IPSO 
algorithm for land space use planning. The IPSO algo-
rithm can be promoted and applied in practice. 
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