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Land Use Conflict Changes and Driving Forces of Beibu Gulf Eco-

nomic Zone

Kaicheng XIANG “, Yonghui FENG, Huayun WANG, Xingfei LIANG

Guangxi University of Finance and Economics, Nanning 530003, China

Abstract Based on PSR model, it built an indicator evaluation system for land use conflicts of Beibu Gulf Economic Zone in 2003 —2011.

Then, it made an analysis of driving forces of land use conflicts using principal components analysis (PCA) method. Results indicate that land

use conflicts take on increasing trend and the trend becomes more apparent since 2009, and Nanning has the highest conflict index; driving

forces of land use conflicts mainly include population, social and economic development, agricultural input, ecological protection, and land use

policies.
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1 Introduction

In the sociology, a conflict is incompatibility or disharmony be-
tween two or more social groups in targets. Land is material base
of human development'"’. Bringing the concept of conflict to the
land use, we can have the "land use conflict". There is still no
unified concept of land use conflict. Campbell stated that land use
conflict is the competition of various land use types for scarce wa-
ter and land resources'”’. Yu Bohua et al defined land use conflict
as the state of disharmony between parties at interest in the use of
land resources or the state of contraction between various land use
types and environment””’. We agree with the second opinion.
Land use conflict is determined by land scarcity and multi-suitabil-
ity. With deepening of land use, such conflict state is receiving
more and more attention. At present, most researches about land
use conflicts focus on qualitative researches, mainly in connota-
tion, types, and diagnosis of land use conflicts™ ™.

The Pressure-State-Response ( PSR) model was introduced
firstly by the Organization of Economic Cooperation and Develop-
ment (OECD) to evaluate world environment and is widely ap-
plied in evaluating complex environment issues and resource safety
problems'”’. In recent years, it has been well applied in environ-
ment issues, resource utilization, and farmland pressure
evaluation. Therefore, based on PSR mode, using the entropy
method, we made diagnosis analysis on land use conflicts of Beibu
Gulf Economic Zone, to provide reference for land use manage-

ment of Beibu Gulf Economic Zone.

2 Data and methods
2.1 Overview of the study area Beibu Gulf Economic Zone

is situated along the southwestern waters of the South China Sea.
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The designated mainland geographic area encompasses the cities
and administrative areas of Nanning, Beihai, Qinzhou and
Fangchenggang, as well as the transportation and logistically im-
portant cities of Yulin and Chongzuo. By 2009, the total popula-
tion of Beibu Gulf Economic Zone reached 20. 6194 million. The
Beibu Gulf Economic Zone has location advantage. Situated in the
connection of Sino-ASEAN economic circle, Pan-Beibu Gulf Eco-
nomic Belt, and Six Southwestern Provincial Economic Circle, the
Beibu Gulf Economic Zone is the most convenient sea gate of Chi-
na in southwest. In January 2008, China officially approved De-
velopment Plan for the Beibu Gulf Economic Zone, bringing the
development of the Beibu Gulf Economic Zone to national strategy
and becoming the engine of western economic development.

The North Bay Economic has 1 629 km coastline and rich and
high quality deep water resources. It is a major fishing ground of
China and a treasure house of world marine organisms. It has rich
mineral and tourism resources, bauxite, manganese ore and indi-
um reserves rank first in the whole country. There are many scenic
spots, such as Yintan and Qingxiushan. The North Bay Economic
has established integrated sea, land and air traffic network sys-
tem, and becomes a bridgehead of southwest opening to the world.
It has
Dongxing, Pingxiang, Youyiguan, and Shuikou state level land

The economic zone realized rapid trade development.

border ports. The cooperation with Pan-Beibu Gulf Economic Zone
is constantly deepening. The construction of Nanning-Singapore e-
conomic corridor is accelerating. Dongxing State Key Open and
Development Experimental Zone enters the comprehensive con-
struction stage. The construction of Pingxiang - Tongdeng and
Dongxing - Mangjie Cross-Border Economic Cooperation Zone is
accelerating and Sino-ASEAN land route is rapidly forming.

2.2 Data source and indicator selection Data in this study
were selected from Statistical Yearbook of Guangxi (2003 -
2011), government website of Nanning and other cities, survey on
land use changes of Guangxi, and the Development Plan for the
Beibu Gulf Economic Zone. For data the Beibu Gulf Economic

Zone does not have, we summed up data of all cities in the zone
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with the area of each city as the weight.

The population growth and social economic development will
certainly generate pressure in spatial land use structure. Under
this circumstance, land will inevitably form corresponding utiliza-

tion state in physical, chemical and land types. These reflect that

land administrators, policy makers and land users are preventing
land degradation, unreasonable land use structure, and rapid de-
crease of land area. Therefore, according to data availability, we

selected 20 indicators about economy and environment, as listed in

Table 1.

Table 1 Evaluation indicator system for intensity of land use conflicts in the Beibu Gulf Economic Zone

Target hierarchy Criterion hierarchy

Indicator hierarchy

Indicator system for land use conflicts

Pressure P(0.409)

State S (0.4057)

Response R(0. 1851)

Population density pl // person/km’ 0.0326
Urbanization rate pl // % 0.0816

GDP growth rate p3 // % 0.0242
Percentage of the secondary industry p4 // % 0.0388
Per capita farmland area p5// mu/person 0.0755
Investment of fixed assets p6//10° yuan 0.0291
Average land GDP p7 //10* yuan //km’ 0.0616
Disposable income of urban residents p8 //yuan 0.0659
Total agricultural output value s1,/108 yuan 0. 0480
Forest coverage s2 // % 0.0185

Multiple crop index s3 0.0488

Area of construction land s4 //104 hm® 0.0351
Financial revenue s5 //10° yuan 0. 0690

Total output value per capita s6 // yuan 0.0592
Productivity of agricultural person s7 //yuan/person 0.0581
Farmland area s8 //10° hm’ 0. 0690
Mechanization level 1 //kw/hm’ 0.0368
Effective irrigation rate 12 // % 0.0444
Application of chemical fertilizer 13 //ton/ hm’ 0.0587
Per capita share of grain 14 //kg 0.0451

2.3 Determination of indicator weight The indicator weight
refers to relative importance degree of each indicator in the same
constraint condition. There are many methods to determine the in-
dicator weight, such as analytic hierarchy process (AHP) and ex-
pert grading method (Delphi). But these methods are subjective
and easy to cause deviation. Thus, we use entropy weight coeffi-
cient method to overcome this problem. The specific process is as
follows™ "

2.3.1 Standardized processing of data. Since the unit and mean-
ing of data are different, it is necessary to take dimensionless
process of original data. According to effect of evaluation indica-
tors, we divide indicators into two types: positive indicators ( the
higher the better) and negative indicators (the lower the better).
We use the extreme deviation method to make standardized
process :

For positive indicators ;

V, = (X; =minX;) + (maxX; - minX;) (1)
For negative indicators:
V, = (X, —minX;) + (maxX, - minX;) (2)

where V; signifies actual value of the j —th in the i —th line indi-
cators; maxx; is the maximum value of the j —th column indica-
tors; minX;; is the minimum value of the j —th column indicators;
V; is standard value of x; after standardized processing.

2.3.2 Calculating weight of the j — th indicators in the i — th

year:

i =vi/./;vi/.(3)

2.3.3 Calculating the entropy of indicator information.

e = —ki;(yljxlny[/) (4)
Take k= 1/Inm, then 0 <e; <1, when y; =0, take y, x
Iny,.
2.3.4 Calculating the redundancy of information entropy.
d=1-¢ (5)
2.3.5 Calculating indicator weight.
w,=d/%d,(6)
2.4 Measurement of intensity of land use conflicts Due to
complexity and hierarchy of evaluation system of land use con-
flicts, single indicator of land use conflicts can reflect develop-
ment situation from a perspective. Therefore, it is necessary to an-
alyze the overall dynamic level comprehensively. In this study, we
use Regional Comprehensive Index of Land Use conflict Intensity
(TLU) to represent development degree of regional land use con-

flicts ,Le s

3 n
ILU= 3, ( XV, xw,) xR,(7)

where :2,1 V; X w; signifies evaluation value of pressure, state and
respon;e respectively, and R; refers to weight of evaluation indica-
tors.

2.5 Extraction of driving factors of land use conflict index
There are many factors influencing land use, including economic
development, population growth, science and technology, and
land use related policies. To seek driving mechanism of land use

conflicts in the Beibu Gulf Economic Zone, according to charac-
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teristics of its social economy, we selected following indicators;
total population (x1), GDP (x2), urbanization rate (x3), per-
centage of the secondary industry (x4), percentage of the tertiary
industry (x5), grain yield (x6), investment of fixed assets
(x7), disposable income of urban residents (x8), total agricul-
tural output value (x9), forest coverage (x10), area of the con-
struction land (x11), total output value per capita (x12), farm-
land area (x13), mechanization level (x14), effective irrigation
rate (x15) , and application of chemical fertilizer (x16). To eval-
uate the influence of each driving factor on land use conflicts, we
used SPSS19.0 to make principle component analysis on these 16
factors. Then, we evaluated the influence of each driving factor on
land use conflicts through calculating characteristic value, accu-

mulated contribution rate and load matrix.

3 Result analysis

3.1 Analysis on land use conflict index of the Beibu Gulf E-
conomic Zone Using the land use indicator system and PSR
model of the Beibu Gulf Economic Zone, we calculated single con-
flict index of pressure, state and response of land use and the
composite land use conflict index of the Beibu Gulf Economic Zone

in 2003 —2011 (Fig. 1).
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Fig.1 PSR index of land use conflicts of the Beibu Gulf Eco-
nomic Zone in 2003 —2011

From Fig. 1, we can see that changes of land use conflict in-
dex of the Beibu Gulf Economic Zone have different speed in dif-
ferent period, which can be generally divided into three stages:
2003 —2006, 2006 — 2009, and 2009 —2011. Single index indi-
cates that the pressure index takes on growth trend with slight fluc-
tuation. At the first stage (2003 — 2006 ), the pressure index
dropped from 0. 0753 to 0.0591 ( dropping about 21.5% in four
years). At the second stage (2006 —2009), the pressure index
rose from 0. 0591 in 2006 to 0. 0785 in 2008. Then it slightly
dropped to 0.0755 in 2009. But at this stage, the overall trend
was growth (rising 0.0154, the growth rate up to 26% ). At the
third stage (2009 —2011), the pressure index rose firstly from 0.
075 in 2009 to 0. 0847 in 2011, and then dropped slighted. The
land use conflict state index takes on significant rising trend. At
the first stage, the state index rose from 0. 0344 in 2003 to 0. 0599
in 2006 (the growth rate up to 0.0255). At the second stage, it
rose about 0.0248. At the third stage, it rose rapidly from 0. 084

in 2009 to 0. 1311 in 2011 (rising about 56% ). The land use
conflict response index has no high fluctuation and it takes on de-
clining trend in 9 years ( dropping from 0.0222 in 2003 to 0.0163
in 2011).

The rising trend of the pressure index reflects that population
and social and economic development brings about constant in-
crease in land demands and also brings greater and greater pres-
sure to land use. Such pressure also brings changes in land use,
which is manifested in rapid increase in construction land. By
2011, the construction land reached 644 900 hectare and the forest
coverage rose from 42% in 2003 to 49% in 2011. Although the
pressure of land use increased, the effective irrigation rate, appli-
cation of chemical fertilizer per hectare and per capita share of
grain took on declining trend. The effective irrigation rate dropped
from 56% in 2003 to 38% ; the application of chemical fertilizer
per hectare dropped from 0. 83 ton in 2003 to 0.76 ton in 2011;
the per capita share of grain reduced about 49 kg in 9 years. These
reflect that the Beibu Gulf Economic Zone invested much more in
the secondary and tertiary industries, but paid little attention to
the agriculture. Thus, it is required to accelerate adjusting agri-
cultural industrial structure, increase input of agricultural science
and technology, raise large-scale operation of agriculture and im-
prove the mechanization level.

Fig. 1 indicates that the composite land use index rose signif-

icantly. At the first stage, the composite land use index changed
slowly from 0. 132 to 0. 1368, growing about 0. 0048 in four years
and the growth rate up to 3.3%. At the second stage, the com-
posite land use index grew faster from 0. 1368 to 0. 1788, growing
about 29.9% . At the third stage, the growth of land use conflict
index is fastest from 0. 1778 to 0. 2355, growing about 42%.
These reflect worsening trend of land use conflicts in the Beibu
Gulf Economic Zone and the deepening of conflicts between land
use and economic construction and ecological protection. Espe-
cially after the approval of Development Plan for the North Bay
Economic Zone in 2008, the Beibu Gulf Economic Zone developed
rapidly and its GDP growth rate ranks the first place all the time.
Rapid economic development inevitably leads to large area of farm-
land changing to construction land. Facing with increasingly seri-
ous land use conflicts, government should start from planning,
make effort to increase intensification of land use, increase scien-
tific and technological input, and strengthen farmland protection,
to reduce land use conflicts.
3.2 Analysis on land use conflict index of all cities in the
Beibu Gulf Economic Zone  Using the land use conflict indica-
tor system and PSR model, we calculated land use conflict index
of all six cities in the Beibu Gulf Economic Zone. The calculation
results are shown in Fig. 2.

From Fig. 2, it can be seen that the composite land use con-
flict index of all six cities is basically consistent with composite
land use conflict index of the whole economic zone. Changes can
be divided into three stages: 2003 —2006, 2006 —2009, and 2009
—2011. At the first stage, there was no high fluctuation in com-
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posite index of all six cities. At the second stage, it started rising.
At the third stage, the growth rate obviously accelerated. These
are highly consistent with social and economic development of the
Beibu Gulf Economic Zone. By 2011, the land use conflict index
of Nanning City reached 0. 2526, Fangchenggang reached 0.2147,
Beihai reached 0.2137, Qinzhou reached 0.2094, Yulin reached
0. 1990, and Chongzuo had the minimum value of 0. 1960.
Fangchenggang City has the maximum growth rate of land use con-
flicts (170% ), followed by Qinzhou (123% ) and Chongzuo
(34% ). Due to historical, basic and policy reasons, cities in the
Beibu Gulf Economic Zone developed slowly in the past. Howev-
er, with the implementation of Western Development Strategy in
full scale, especially the development of the Beibu Gulf Economic
Zone rising to the national development strategy, the economic de-
velopment of Beibu Gulf Economic Zone enters the fast traffic

lane. Accordingly, there are many problems of the land use.
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Fig.2 Composite land use conflict index of six cities in the Bei-
bu Gulf Economic Zone in 2003 —2011

4 Analysis on driving forces of land use conflicts
Table 2 indicates that the contribution rate of the first principal
component reached 76. 18% , the contribution rate of the second
principal component was 8. 997% , the contribution rate of third
principal component was 6.381% , and the total contribution rate
of three principal components reached 91. 56% . Table 3 shows
that the first principal component includes the population, GDP,
the percentage of the secondary industry, investment of fixed as-
sets, disposable income of urban residents, total output value of
agriculture, and total production value per capita; the second
principal component includes the percentage of the tertiary indus-
try, mechanization level, and application of chemical fertilizer;
the third principal component includes the urbanization rate, grain
yield, forest coverage, and the percentage of the tertiary industry.
Thus, driving forces of land use conflicts can be summarized as
three factors; population and socio-economic development, agri-
cultural input, and urbanization and ecological protection. The in-
fluence of these three factors on land use conflicts in the Beibu
Gulf Economic Zone is up to 91.56% .

4.1 Driving factors of population and socio-economic devel-
opment Due to historical and many other reasons, socio-
economic development of the Beibu Gulf Economic Zone lags far

behind. With the comprehensive implementation of Western De-

velopment Strategy, especially the development of the Beibu Gulf
Economic Zone rising to the national strategy in 2008, the socio —
economic development of the Beibu Gulf Economic Zone entered
the rapid development stage and its urbanization process is con-
stantly accelerating. In 2011, GDP of the economic zone reached
528 billion yuan, accounting for 45. 1% of the whole Guangxi.
The disposable income of urban residents rose from 7588 yuan in
2003 to 19087 in 2011. It has basically established an industrial
system with petrochemical industry, electronic information, metal-
lurgy, logistics, and tourism as major parts. From Table 3, it can
be seen that the urbanization of the Beibu Gulf Economic Zone de-
veloped rapidly in 2003 - 2006 and kept stable growth rate after
2006. By 2011, the percentage of the primary, secondary and ter-
tiary industry changed from 0.28:0.3:0. 42 in 2003 to 0. 19:0.
42.0.39 in 2011, indicating that the Beibu Gulf Economic Zone
remains rapid development stage of industrialization. The develop-
ment of urbanization and industrialization is an essential factor for

land use changes in the Beibu Gulf Economic Zone.

Table 2 Analysis on principal components of driving forces of land use
conflicts in the Beibu Gulf Economic Zone

Compo- Initial Eigenvalues

nent Total % of Variance Cumulative // %
1 12.189 76.182 76.182
2 1.440 8.997 85.180
3 1.021 6.381 91.561
4 0.651 4.071 95.632
5 0.516 3.227 98.858
6 0.131 0.820 99.678
7 0.038 0.239 99.917
8 0.013 0.083 100. 000
9 8.550E - 16 5.343E - 15 100. 000
10 2.324E - 16 1.453E - 15 100. 000
11 1.521E - 16 9.54E - 16 100. 000
12 -4.226E - 17 -2.641E - 16 100. 000
13 -2.657E - 16 -1.661E - 15 100. 000
14 -2.753E - 16 -1.720E - 15 100. 000
15 -3.863E - 16 -2.414E - 15 100. 000
16 - 1.100E - 15 -6.875E - 15 100. 000

According to the Development Plan for the Beibu Gulf Eco-
nomic Zone, by 2020, the total production value per capita will
exceed the average national level and the urbanization rate will
reach 60% . It can be expected that the Beibu Gulf Economic
Zone will realize further development and the conflicts between
construction land, agricultural land, and ecological land will be
exacerbated in space and quantity.

4.2 Driving factors of agricultural input Increasing input
and improving scientific and technological level are effective ap-
proaches to increase intensification of land use. From 2003 to
2011, the mechanized level of the Beibu Gulf Economic Zone in-
creased from 5.79 kw/hm’ to 6. 21 kw/hm’, the application of
chemical fertilizer dropped from 0. 83 ton/hm’ to 0. 76 ton/hm’,
effective irrigation rate dropped about 32% , and power consump-

tion of rural areas grew about 7% annually. Generally, scientific
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and technological input is constantly increasing in the Beibu Gulf
Economic Zone. However, due to low level of agricultural eco-
nomic benefits, and per unit output value, both government and
farmers are unwilling to increase investment. As a result, the ap-
plication of chemical fertilizer and effective irrigation rate dropped
greatly, and the rural power consumption also lags behind econom-
ic growth. Relative decrease of scientific and technological input
will be unfavorable for effective land use and increase in intensifi-
cation, lead to low agricultural output and high land demand, con-
sequently bring about deterioration of land use conflicts. The Bei-
bu Gulf Economic Zone needs increase scientific and technological
input, raise land use intensification level, and improve the pres-

sure on land use.

Table 3 Score matrix of analysis on components of driving forces of

land use conflicts in the Beibu Gulf Economic Zone

Component
1 2 3
x1 0.081 0.045 0.025
x2 0.082 -0.020 -0.019
x3 0.070 0.251 0.309
x4 0.080 0.045 0.194
x5 -0.027 0.532 -0.257
x6 -0.046 0.263 0.486
x7 0.080 -0.054 -0.088
x8 0.081 0.029 -0.024
x9 0.081 -0.011 0.011
x10 0. 060 0.220 0.319
x11 0.077 0.023 -0.169
x12 0.082 -0.010 -0.011
x13 0.081 -0.048 0.036
x14 0.040 0.363 -0.577
x15 -0.079 -0.020 -0.175
x16 -0.067 0.297 0.197
0.50

—&— Urbanization rate

—m— Proportion of the primary industry

—aA— Proportion of the secondary industry
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Fig.3 Changes in industrial structure and urbanization rate of
the Beibu Gulf Economic Zone in 2003 —-2011
4.3 Driving factors of urbanization and ecological protec-
tion The urbanization development attracts more rural people to
enter cities, but cities have to provide basic necessities for those
people. Thus, the enlargement of urban size is inevitable. The
construction land of the Beibu Gulf Economic Zone increased from
490 800 hm” in 2003 to 654 900 hm’ in 2011. According to the

plan, the urbanization rate of the Beibu Gulf Economic Zone will

reach 60% in 2020. The Beibu Gulf Economic Zone is situated in
the junction area of sea and land, so the ecological system is vul-
nerable and ecological restoration ability is low. To protect ecolog-
ical environment, the Beibu Gulf Economic Zone have been in-
creasing the environmental protection and energetically implemen-
ted policy of conceding the land to forestry and grass, established
various ecological protection zone, and the forest coverage rose
about 50% from 42% in 2003. Both the urbanization and ecologi-
cal protection will lead to changes in land use structure and will
change land use conflicts.

4.4 Policy driving factor of land use Policy factor of land
use exerts important influence on land use types and structure.
The land use policy includes laws, policies and administrative pol-
icies and economic policies related to land use. The implementa-
tion of these policies will influence land use of government, col-
lective, unit, and individual, and these will be reflected in land
use structure and types. Since the development of the Beibu Gulf
Economic Zone was lifted to the national strategy, it has formula-
ted a series of policies, including exemption from agricultural tax,
implementation of agricultural subsidy, simplification of revision of
land use planning, as well as increase in reclamation input. These
policies play a great role in speeding up economic development
and farmland protection. The farmland area increased from 1. 102
million hm® in 2003 to 1. 635 million hm® in 2011. This greatly al-

leviates land use conflicts.

5 Results and discussions

(i) The pressure, state, response and composite index of the land
use conflicts were increasing in 2003 —2011. Their changes can
be divided into three stages. At the first stage, the index change is
little ; at the second and third stages, the changes are significant,
especially since 2009, the change of conflict index is greater. In
the Beibu Gulf Economic Zone, Nanning has the highest conflict
index and Fangchenggang has the greatest change in conflict in-
dex. Nanning is the capital of Guangxi Zhuang Autonomous Re-
gion and the most developed area of Guangxi and Fangchenggang
ranks first in the development rate, indicating that socio-economic
development is the essential drive factor of land use conflict.

(ii) From analysis, we know that factors of land use conflicts
include population and economic development, agricultural input,
urbanization, ecological protection, and land use policies. The
population and socio — economic development has the greatest in-
fluence on changes of land use conflicts. Land use policies exert
indirect influence on land use through government, collective, and
individual actions. Scientific and reasonable land use policies will
ultimately influence violence and alleviation of land use conflicts.

(iii) The Beibu Gulf Economic Zone remains rapid develop-
ment stage of urbanization and industrialization. In future, land
use conflicts will become more prominent. It is necessary to take
various means to strengthen management, including scientific and
reasonable land use policies, strictly control size of construction

(To page 40)
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is, with increasing mutual trust in society, the income scale is re-
duced. This is mainly because the survey object of this study has
certain ethnic particularity. Because of their traditional Yi cultural
characteristics, the mutual trust among the farming households in
the region are established on family relationship with blood. It has
little help for income increase. At the same time, the low-income
households are limited on their own strength; the cost of helping
others takes a certain weight in the proportion of income. The re-
turn of helping others is time-sensitive. After a long time can we
receive the effectiveness. Short-term returns received are smaller
compared to the cost. Therefore social mutual aid and income
growth is reversed. In the high-income farming households, except
the family ground area, the regression results of the other variables
are significant. This is mainly because for high-income families,
their main source of income is non-agriculture. Cultivated ground
as a major factor for agriculture production, has little impact on
family income mainly composed by non-agricultural income. It is
not difficult to find that, comparing the three groups, output elas-
ticity of social capital on low-income level is the smallest, but on
the high-income level largest. The reason still is that the higher
the income, the proportion of non-farm income is greater. As can
be seen in the front conclusions, social capital can bring farmers
more learning, employment and promotion opportunities, thereby
help to improve their ability to self-generating income, to increase
income, especially non-farm income. Visibly, increasing social
capital investment brings a certain help to the farming households

in impoverished areas, especially the high-income households.
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