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Assessment of Comprehensive Carrying Capacity of Land Resources

Based on Land Functions
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Abstract Based on relevant research results, from the perspective of land use functions, an evaluation indicator system of carrying capacity of

land resources composed of three second-grade indicators ( production, living and ecological carrying capacity) including 24 third-grade indica-

tors was established, and the carrying capacity of land resources in ten cities of Shaanxi Province in 2013 was assessed and analyzed by using

mean square error analysis method and hierarchical clustering method. The results showed that the three types of carrying capacity in most cities

of Shaanxi Province are shown as follows: ecological carrying capacity > living carrying capacity > production carrying capacity, and the differ-

ences between various regions in a single type of carrying capacity basically accorded with the actual situation of development in each city; there

were obvious differences between various cities in the comprehensive carrying capacity of land resources, which was basically consistent with re-

gional economic and social development.
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1 Introduction

Carrying capacity of land resources refers to the limits of scale and
intensity of human activities carried by land resources under cer-
tain social, economic, ecological and environmental conditions in
a space during a certain period'"’. Shaanxi’s economy is facing the
new normal of speed change, structural optimization and power
transformation and is changing from factor-driven and investment-
driven into innovation-driven. Under the background of land re-
sources facing high pressure in Shaanxi Province, to protect and
improve ecologically fragile areas and environmental degradation
area in Shaanxi Province, how to scientifically plan, optimize and
reasonably arrange limited land resources to make them carry high-
intensity economic activities caused by population increase and
economic growth has become a hot spot and key point of current
research. At present, some scholars in China have studied and ex-
plored carrying capacity of land resources. For instance, Guo
Yanhong set up an index system to evaluate carrying capacity of
land resources from population, construction scale, economy and
ecology, and an empirical analysis of Beijing City was conduc-
ted””’. Based on land carrying capacity index (LCCI) model, the
spatial and temporal distribution of carrying capacity of land re-
sources in Gansu Province during 1985 — 2010 were assessed”.
Sun Yu et al. suggested that there were obvious spatial differences
between prefecture-level cities in Shandong Province in the coordi-
nated development degree of land comprehensive carrying capaci-
ty, and the coordinated development level of land system still had

“!. Based on the relationship between

great potential to be dug
population and food, a model of carrying capacity of land re-
sources was established firstly, and total output of gain and devel-

opment characteristics of carrying capacity of land resources in va-
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rious counties of Hunan Province were analyzed; the relationship
between carrying capacity of land resources and regional economic
development was discussed, and then relevant development strate-
gies were proposed’’. In Xian City, Shaanxi Province, the dy-
namic changes of land comprehensive carrying capacity during
2000 —-2007 were shown as " medium-low-medium-high" , showing
an increasing trend on the whole, and the decrease in the land
comprehensive carrying capacity was mainly caused by the reduc-
tion of natural carrying capacity and environmental carrying capac-
ity'’. Tt is clearly seen that in most studies on land carrying ca-
pacity , the spatial and temporal distribution of carrying capacity of
land resources were analyzed and assessed based on the establish-
ment of an indicator system. Guo Huanhuan et al. assessed carry-
ing capacity of land resources from the carrying capacity of land
production, land space, land ecology, and land security, but few
indicators were chosen and could not reflect the carrying capacity
of land resources fully. Therefore, based on relevant research re-
sults, from the perspective of land use functions, an evaluation in-
dicator system of carrying capacity of land resources containing
production, living and ecological functions was established, and
the carrying capacity of land resources in ten cities of Shaanxi
Province in 2013 was assessed and analyzed to provide references

for relevant studies.

2 [Establishment of an indicator system and research
methods

2.1 Establishment of an indicator system In the Suggestions
of Accelerating Ecological Civilization Construction Proposed by the
State Council and the Central Committee of the Communist Party of
China issued in 2015, it is proposed that land is the spatial carrier
of ecological civilization construction, and it is needed to imple-

ment the strategy of development priority zones unshakably, im-
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prove spatial planning system, scientifically and reasonably ar-
range and renovate production space, living space and ecological
space. Land functions can be divided into production, living and
ecological function. Based on related research achievements to
land carrying capacity’® ™" | following the principles of scientific
nature, operability of data, and particularity of a region, various

land functions were used to establish an evaluation indicator sys-

tem of carrying capacity of land resources in Shaanxi Province ac-
cording to local conditions of Shaanxi Province (Table 1). Classi-
fication of indicators was conducted based on the related research
achievements to division of land functions. According to the actual
situation of land use in each city of Shaanxi Province, plot ratio

and building density were not chosen due to lack of available data.

Table 1 The evaluation indicator system of carrying capacity of land resources in Shaanxi Province

First-grade indicator Second-grade indicator

Third-grade indicator

Production carrying capacity P

Living carrying capacity L

Carrying capacity of land resources C

Ecological carrying capacity £

Per capita area of cultivated land in rural areas P, //hm?

Total power of agricultural machinery P, //10* kW

Grain yield P; //10* t

Total investment in fixed assets per square kilometer of land P, //10% yuan
Total output value per square kilometer of land Ps //10* yuan

Fiscal revenue per square kilometer of land Py //10* yuan

Population density L, // people/km®

Number of college students per ten thousand people L,

Quantity of beds in a health agency L; //10*

Area of residential land I, //km?

Daily domestic water consumption per capita Ls //L

Number of employed people Lg //10*

Per capita area of urban roads L, //m?

Total freight volume Lg // 10* ¢

Volume of passenger transport Ly //10*

Area of green land E, //hm?

Ecological environmental water consumption E, //10* m®

Afforestation area Ej // hm?

Cumulative area of controlled soil and water loss regions E, //10° hm®
Rate of good air Es // %

comprehensive utilization ratio of general industrial solid waste Eq // %
Centralized treatment rate of a sewage treatment plant E, // %
harmless disposal rate of household garbage Eg /%

Quantity of removed industrial smoke or dust Eq //t

2.2 Research methods
2.2.1 Standardization of evaluation indicators. Carrying capacity
of land resources means evaluation of many indicators, but the di-
mensions of various indicators are different. To avoid the adverse
effects of various dimensions on assessment results, it is needed to
standardize each indicator. According to attributes, the indicator
were divided into efficiency indicators and cost indicators. The
larger the value of an efficiency indicator is, the better the indica-
tor is; the smaller the value of a cost indicator is, the better the
indicator is. Their calculation formulas are shown as follows "’ .
Efficiency indicators ;
Y-y (min)

! Y, (max) - Y, (min)
Cost indicators:

o Yy(ma) ¥, (2)

! Y, (max) - Y, (min)

In the above formulas, X is the standardized value of an assess-

(1)

ment indicator; i =1,2,-++, n; j=1,2,+=-, m; ¥;,(max)and Y,

(min ) are the maximum and minimum of the assessment

indicator.
2.2.2 Determination of indicator weight. Determination of indi-
cator weight is key to comprehensive evaluation of multiple indica-
tors. Methods to determine indicator weight can be grouped into
subjective and objective weight methods. Subjective weight meth-
ods mean experts subjectively determine indicator weight based on
their experience, such as Delphi method, Analytic Hierarchy
Process (AHP) , eic.

have become mature at present. However, they have poor objec-

The methods have been studied early and

tivity and are affected subjective factors inevitably, and their
workload is heavy. By using objective weight methods, the weight
of an indicator is calculated according to the dispersion degree of
data. Objective weight methods have strong objectivity and have
good practical value due to clear concept, clear meaning, and
simple calculation, such as Principal Component Analysis
(PCA), mean squared error method, maximizing deviation meth-
od, entropy value method, and so forth. In this paper, indicator
weight was determined by using mean squared error method. To

calculate the weight of an assessment indicator W;, it is needed to
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calculate the average F, of standardized value X of the indicator
firstly and then the mean squared error F;. Their formulas are

shown as follows:

f-lix ®
/< 2

F/: ’;(ij_Ei) (4)

W=F/3E, (5)

2.2.3 Determination of carrying capacity index of land re-

sources. An evaluation indicator system of carrying capacity of
land resources is a complex system with many layers and factors,
where various indicators are interdependent, restrict each other
and have great contribution to assessment results. Carrying capaci-
ty index of land resources C can be calculated according to the fol-
low-up formula;

C= ;XU W, (6)
2.2.4 Clustering of evaluation indicator values of the carrying
capacity. Cluster analysis, a main classification method to study
samples and indicators in multivariate statistical analysis, is used
to measure the similarity of different data sources and group data
sources into various clusters'*’. Among cluster analysis methods,
the hierarchical clustering method is most commonly used. Its bas-
ic idea is shown as follows: firstly, n samples needing to be clus-
tered are regarded as a class each, so there are n classes; after-
wards, clustering statistics of every two classes are calculated by
using the chosen method, namely a certain distance, and the two
classes having the closest relationship are merged into one class,
so n — 1 classes are obtained; the distance between the new class
and other classes is calculated by using the above method, and the
two classes having the closest relationship are merged into one
class, so n —2 classes are obtained; the clustering process is re-
peated many times until all samples (or variables) are merged into

one class finally.

3 Calculation and analysis of carrying capacity of
land resources
3.1 Data sources Data used in this study are from the Statisti-
cal Yearbook of Shaanxi Province (2014 ), Regional Statistical
Yearbook of Shaanxi Province (2014), and Yearbook of China’s
Cities (2014). Yangling Demonstration Area, as a dependent re-
gion, is administered by Shaanxi Province. Due to the deficiency
of indicator data, indicator data of other cities except for Yangling
Demonstration Area were collected and used to calculate and ana-
lyze carrying capacity of land resources in Shaanxi Province.

3.2 Assessment of comprehensive carrying capacity of land
resources Based on the evaluation indicator system of carrying
capacity of land resources in Shaanxi Province and the above for-
mulas, the production, living, ecological and comprehensive car-
rying capacity index were obtained (Table 2). To analyze the
characteristics of comprehensive carrying capacity in various cities
in Shaanxi Province better, the hierarchical clustering of produc-

tion, living, ecological and comprehensive carrying capacity in the

ten cities was conducted ( Fig. 1). According to Table 2 and
Fig. 1, it is found that the carrying capacity of land resources in
Shaanxi Province has follow-up features.

Firstly, the three types of carrying capacity in most cities of
Shaanxi Province are shown as follows: ecological carrying capaci-
ty > living carrying capacity > production carrying capacity, and
the differences between various regions in a single type of carrying
capacity basically accorded with the actual situation of develop-
ment in each city. In the clustering of production carrying capaci-
ty, Xi’an City belonged to the first class, and Tongchuan,
Yan’an, Baoji, Xianyang, Weinan, and Yulin cities belonged to
the second class, while Hanzhong, Ankang, and Shangluo cities
belonged to the third class. In the clustering of living carrying ca-
pacity, Xi’an City belonged to the first class, and Xianyang City
belonged to the second class, while Tongchuan, Shangluo, Baoji,
Ankang, Weinan, Hanzhong, Yan’an, and Yulin cities belonged
to the third class. In the clustering of ecological carrying capacity,
Xi’an City also belonged to the first class, and Baoji, Ankang,
and Hanzhong cities belonged to the second class, while Xian-
yang, Yan’an, Yulin, Tongchuan, Shangluo, and Weinan cities
belonged to the third class. According to Table 2, the three types
of carrying capacity in Tongchuan, Baoji, Weinan, Yan’an,
Hanzhong, Yulin, Ankang, and Shangluo cities are shown as fol-
lows: ecological carrying capacity > living carrying capacity > pro-
duction carrying capacity, and the proportion of these cities in the
ten cities was 80% ; the three types of carrying capacity in Xi'an
and Xianyang cities are shown as follows: living carrying capacity
> ecological carrying capacity > production carrying capacity, and
the proportion of these cities in the ten cities was only 20% .

According to Table 2 and Fig. 1, due to unique natural, eco-
nomic and cultural advantages, the production, living, and eco-
logical carrying capacity in Xi’an City were higher than that of oth-
er cities. In Tongchuan, Yan’an, Baoji, Xianyang, Weinan, and
Yulin cities, because of aggregation of resources and energy, loca-
tion advantages, and scientific and technological strength, the ec-
ological carrying capacity was high. Due to natural, historical and
social reasons, productivity development lagged behind, and eco-
nomic and social level were low in Hanzhong, Ankang, and
Shangluo cities, so the production carrying capacity was also low.
Depending on the advantages and influence of Xi’an City as an in-
ternational metropolis, its public service, education resources, in-
frastructure, and traffic conditions were superior to that of other
cities, so the living carrying capacity in Xi’an City was the high-
est. With the continuous implementation of economic integration
and gradual acceleration of development in Xixian New Area,
Xi’an and Xianyang cities were interdependent in economy, mer-
ged with each other in industry, and shared education resources
and other information, building a new road of urbanization with
Chinese characteristics and according with the actual situation of
Shaanxi Province. As a result, the living carrying capacity was
high in Xianyang City. Seen from education, medical service,

transport, infrastructure, and public service, Xi’an and Xianyang
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cities were inferior to other cities, so the living carrying capacity

was low in these cities.

Table 2 Carrying capacity index of land resources in various cities of Shaanxi Province

Production carrying Living carrying

Ecological carrying

Comprehensive carrying Order of comprehensive

City capacity P capacity L capacity £ capacity C carrying capacity
Xi’an 0.0874 0.2589 0.1936 0.5400 1
Tongchuan 0.0330 0.0320 0.1154 0. 1805 9
Baoji 0.0293 0.0763 0.1581 0.2637 4
Xianyang 0.0384 0. 1646 0.1099 0.3128 2
Weinan 0.0404 0.0683 0.1028 0.2115 7
Yan’an 0.0331 0.0643 0.1087 0.2061 8
Hanzhong 0.0081 0.0712 0.1357 0.2150 6
Yulin 0.0564 0.1008 0.1115 0.2687 3
Ankang 0.009%4 0.0779 0.1592 0.2465 5
Shangluo 0.0053 0.0409 0.1187 0. 1649 10
0 5 01 2 25 0 5 012 25
Tongehuan City 2 [ : ! : ! Baoji City 3 B * * . * )
Yan’an City 6 | Ankang City 9
Baoji City 3 H Weinan City 5
Xianyang City 4 | Hanzhong City 7
Weinan City 5 | Yan'an City 6
Yulin City 8 Yulin City 8
Hanzhong City 7 |- Tongchuan City 2
Ankang City 9 Shangluo City 10
Shangluo City 10 4 Xi’an City 1
Xi’an City 1 Xianyang City 4 —]
0 0 5 10 15 20 25

Baoji City 3 o ’
Ankang City 9 Dﬁ
Hanzhong City 7
Xianyang City 4
Yan’an City 6
Yulin City 8

Tongchuan City 2
Shangluo City 10

Weinan City 5

Xi’an City 1

" " " L '

Weinan City 5 d

Hanzhong City 7 H
Yan’an City 6 [
Tongchuan City 2 ——‘

Shangluo City 10

w
J

Baoji City
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©
I

Ankang City

Xianyang City 4

Xi’an City

Fig.1 Clustering tree diagrams of production (a), living (b), ecological (¢) and comprehensive (d) carrying capacity of land resources in

Shaanxi Province in 2013

Through the implementation of the projects haze control by a
strong hand and moistening Xi’an by eight rivers, Xi’an would be
built into a national ecological garden city and forest city, where
the area of urban green land, ecological water surface and wetland
was Increased, so its ecological carrying capacity ranked firstly in
the province. The Plans for Economic and Social Development in
Danjiangkou Reservoir Area and Its Upper Reaches issued in 2012
improved the development of Ankang and Hanzhong cities to a na-
tional strategy, bringing a rare opportunity for the protection of ec-
ological environment in the two cities. The continuous control of
rural environment and control of Weihe River basin had promoted
the construction of ecological, livable and beautiful Baoji. Mean-
while, Ankang is located in Daba Mountains, and Hanzhong and
Baoji are situated in Qingling Mountains, so advantageous natural

conditions had improved the ecological environment protection lev-

el of the three cities to a certain degree, so the ecological carrying
capacity was high in the three cities, belonging to the second
class. In comparison with the cities where the ecological carrying
capacity was high, the ecological carrying capacity was low in
Xiang, Yan’an, Yulin, Tongchuan, Shangluo and Weinan cities
where the area of green land, afforestation and soil erosion was
small and the comprehensive treatment rate of solid waste was low.

Secondly, there were obvious differences between various cit-
ies in the comprehensive carrying capacity of land resources,
which was basically consistent with regional economic and social
development. In the clustering of comprehensive carrying capaci-
ty, Xi’an City belonged to the first class, while Baoji, Yulin, An-
kang and Xianyang cities belonged to the second class, and Wein-
an, Hanzhong, Yan’an, Tongchuan and Shangluo cities belonged

to the third class. The comprehensive carrying capacity index was
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the highest in Xi’an (0.5400), and it was the lowest in Shangluo
City (0.1649). Tt is clearly seen that there were big differences
between various cities in the comprehensive carrying capacity.
Xi’an is the provincial capital and economic, political and cultural
social center of Shaanxi Province, and its comprehensive influence
and external competitiveness are great, so its comprehensive carry-
ing capacity ranked firstly. Baoji and Xianyang cities are located
in Guanzhong economic zone, so transportation is convenient, and
they can use advantages of education, science and technology,
and culture of Xi’an. In Yulin which is the important region of a
series of national plans, economy and society have developed rap-
idly, and comprehensive strength has enhanced obviously. The
production and living carrying capacity in Ankang City were low,
but its population was relatively small, and local government
adopted a series of measures to protect the environment to promote
ecological protection in Ankang, so the ecological and comprehen-
sive carrying capacity in Ankang were higher in the province.
Yan’an and Tongchuan are resource and tourist cities, and it is in-
evitable to affect ecological environment during the process of ex-
ploiting and utilizing resources. Moreover, the price of coal was
low in recent years, which has affected economic development to a
certain extent. Hanzhong and Shangluo cities are located in the
south of Shaanxi Province, and their comprehensive carrying ca-
pacity was low because of natural conditions and slow development

of society and economy.

4 Conclusions and suggestions

Based on relevant plans, policies and references, from the per-
spective of land functions, the evaluation indicator system of car-
rying capacity of land resources containing production, living and
ecological functions was established, and the carrying capacity of
land resources in the ten cities of Shaanxi Province in 2013 was
assessed and analyzed. It is found the assessment results accorded
with the actual situation of economic and social development and
could reflect the current condition of carrying capacity of land re-
sources in different cities of Shaanxi Province.

In this study, only the spatial distribution of carrying capacity
of land resources in various cities of Shaanxi Province in 2013 was
discussed, but due to the inconformity of statistical caliber and diffi-
culty of data collection, there is no horizontal analysis and compari-
son of time series as well as comparison between spatial and tempo-
ral distribution of carrying capacity of land resources. At the same
time, the carrying capacity of land resources in Shaanxi Province
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in Yantai City[ J]. Ludong University Journal ( Natural Science Edi-
tion) , 2013(3) :234 —238. (in Chinese).

[12] XU YB. The comb and two-dimensional dilemma reflection theory of
the transaction model of collective construction land[ J]. Research on
Chinese Real Estate Law, 2012(7) ; 146 —157. (in Chinese).

[13] LV P, ZHI XJ. Analysis on the influential effect and obstacle factors

was not predicted, and the actual values and prediction values were

not compared, which needs to be studied further.

References

[1] MENG XG. Evaluation on territorial resource and environment carrying
capacity [ M]. Beijing: China Land Press, 2010. (in Chinese).

[2] GUO YH. Evaluation of Beijing’s land resources load capacity based on
mean variance analysis [ J]. Resources & Industries, 2011,13(6) .62 —
66. (in Chinese).

[3] ZHU XJ, LIU PX, ZHAO ML, et al. Spatio-temporal variation character-
istics of land resources carrying capacity in Gansu [ J]. Soils, 20 13, 45
(2): 346 -354. (in Chinese).

[4] SUN Y, LI XG. The research on the coordinated development degree of
urban land comprehensive carrying capacity system in Shandong Province
[J]. China Population. Resources and Environment,2013,23(11):123
—-129. (in Chinese).

[5] CHEN YL, XIE BG, LI XQ, et al. Coordinated development of bearing
capacity of land resources and county economy. A case study of Hunan
Province [J]. Scientific and Technological Management of Land and Re-
sources, 2014, 31(6) :24 —31. (in Chinese).

[6] YUE DP, DONG QF. Study on dynamic change of comprehensive carry-
ing capaity of urban land in Xi’an City [ J]. Resource Development &
Market, 2010, 26(6) :513 —=516. (in Chinese).

[7] GUO HH, LI B, HOU Y. Research on the capacity of land resources
based on land function; Haidian as an example [ J]. Journal of Beijing
Normal University ( Natural Science), 2011, 47 (4). 424 —-427. (in
Chinese) .

[8] CHEN J, SHI PJ. Discussion on functional land use classification system

[J]. Journal of Beijing Normal University ( Natural Science) , 2005, 41

(5): 536 —540. (in Chinese).

LIU P, DUAN JN, WANG W, et al. Study on systems of the land-use

system functional classification and evaluation [ J]. Journal of Hunan Ag-

ricultural University, 2010, 36(2): 113 —=118. (in Chinese).

[10] YI QJ, DUAN JN. Review on land use function classification and evalu-
ation [ J]. Guizhou Agricultural Sciences,2013,41(2) :188 —191. (in
Chinese) .

[11] DANG LJ, XU Y, GAO X. Assessment method of functional land use
classification and spatial system A case study of Yangou watershed
[J]. Research of Soil and Water Conservation, 2014, 21(5): 193 -
197, 203. (in Chinese).

[12] JINY, LU ZH, TAN FF, et al. Assessment of ecological carrying ca-
pacity on the typical resources-based cities; a case study of Tangshan
City [M]. Acta Ecologica Sinica, 2015, 35(14) . 4852 - 4859. (in
Chinese) .

[13] ZENG L, PENG M. Research on regional land resources comprehensive
carrying capacity A case study of Guiyang City [J]. Journal of
Guizhou University ( Natural Science), 2012, 29(4): 130 - 135. (in
Chinese) .

[14] ZHU JP. Applied multivariate statistical analysis [ M]. Beijing: Science
Press, 2011. (in Chinese).

[9

[

coeo

of collective construction land transaction[ J]. Problems of Agricultur-
al Economy, 2008(2) :12 —18. (in Chinese).

[14] JU JX, LI WF. A brief analysis on the price of collective construction
land transaction[ J]. Acta Agriculturae Jiangxi,2008,20(10) ;133 -
135. (in Chinese).

[15] YANG Y. Research on price-forming mechanism of collectivity-owned
land for construction[ D]. Wuhan: Huazhong Agricultural University
Library, 2011. (in Chinese).



