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Abstract: China had implemented the national strategies for Major Function-oriented Zones
(MFOZs) to realize the goal of national sustainable development since 2010. This study
analyzed and compared spatio-temporal characteristics and differences in built-up area for
China’s MFOZs using a China’ s Land Use Database (CLUD) derived from high-resolution
remotely sensed images in the periods of 2000-2010 and 2010-2013. To sum up: (1) The
percentage of built-up area in each of the MFOZs was significantly different, revealing the
gradient feature of national land development based on the distribution of the main functions.
(2) Annual growth in built-up area in optimal development zones (ODZs) decreased signifi-
cantly during 2010-2013 compared with the period 2000-2010, while annual growth in
built-up area in key development zones (KDZs), agricultural production zones (APZs) and key
ecological function zones (KEFZs) increased significantly. (3) In ODZs, the average annual
increase in built-up area in the Yangtze River Delta region was significantly higher than in
other regions; the average area increase and rate of increase of built-up area in KDZs was
faster in the western region than in other regions; average annual area growth of built-up area
in APZs in the northeast, central and western regions was twice as high as the previous
decade on average; the annual rate of change and increase in the dynamic degree of built-up
area were most notable in KEFZs in the central region. (4) The spatial pattern and charac-
teristics of built-up area expansions in the period 2010-2013 reflected the gradient feature of
the plan for MFOZs. But the rate of increase locally in built-up area in ODZs, APZs and
KEFZs is fast, so the effective measures must be adopted in the implementation of national
and regional policies. The conclusions indicated these methods and results were meaningful
for future regulation strategies in optimizing national land development in China.
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1 Introduction

Human alterations to ecosystems and landscapes have led to changes in the global climate
and environment, which in turn has affected the ability of the biosphere to sustain life. Land
Use and Cover Change (LUCC) has attracted widely attention worldwide as a major cause
of global environmental change (Turner et al., 1995; Foley et al., 2005; Salazar et al., 2015;
Liu et al., 2014; Shi et al., 2000). Since the 1990s, LUCC research has become a key field of
global environmental research. In 1995, the International Geosphere-Biosphere Program
(IGBP) and International Human Dimensions Program (IHDP) jointly launched the
Land-Use and Land-Cover Change—Science/Research Plan, which proposed three prior
research themes including the land-use change driving forces, the land-coverage change
driving forces and developing a regional and global model (Lambin et al., 1995; Turner et
al., 1995). In late 2005, the Global Land Project, a core research program jointly proposed
by the IGBP and IHDP, was officially launched, the focus of which was to study the rela-
tionship between humans and earth system in land systems and attempt to measure and
model the coupled human-environment system, thereby helping humans to enhance their
understanding of changes to the land system and its social and economic consequences (GLP,
2005). Therefore land-use and land-change research had widely been focused on the coupled
human-environment system (McMahon ef al., 2005; Liu et al., 2005).

Rapid urbanization and industrialization since the late 1970s have resulted in accelerated
land use changes across China. Widespread resources exploitation and sprawling develop-
ment that ignores their sustainability has resulted in the deterioration of the ecological envi-
ronment (Lu et al., 2009; Chen et al., 2004). In order to effectively protect resource and re-
alize the sustainable development of China, China proposed a set of guiding principles to
serve government regulations on national top-down space protection, involving a practical,
innovative and forward-looking draft plan for Major Function-oriented Zones (MFOZs) in
China. Back in 2010, this plan was published by the State Council as the National Plan for
Major Function-oriented Zones, and was subsequently upgraded to the Major Func-
tion-oriented Zones Strategy in the 12th Five-Year Plan for National Economic and Social
Development published by the National People’s Congress. It was later referred to as the
“Major Function-oriented Zones system” in the resolution from the Third Plenary Session of
the 18th CPC Central Committee (Fan, 2015). The plan divided national land into four
categories and two levels based on regional functions and according to specific development
content. The four categories were urbanization zones, agricultural production (food security)
zones, key ecological function (ecological security) zones, and natural and cultural heritage
protection zones, while the two levels were national and provincial (Fan et al., 2012; Fan et
al., 2012). These were then divided into four Major Function-oriented Zones based on de-
velopment methods: optimal development zones, key development zones, restricted devel-
opment zones and prohibited development zones. The development method, level of protec-
tion and primary development tasks of each type of Major Function-oriented Zones are dif-
ferent.

Monitoring national land-use and land-cover change using high resolution remotely
sensed images had the great significance for evaluating the spatio-temporal characteristics of
built-up area in different MFOZs in China (Liu, 1996; Liu et al., 2003). On the basis of a
CLUD with a scale of 1:100,000 comprising data from 2000 and 2010 and a 1 km proportion
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component classification grid database interpreted by our research group (Liu et al., 2010;
Kuang et al., 2013; Zhang et al., 2012), we updated the 2013 national land use database.
Then we developed the database of built-up area for the two periods 2000-2010 and
2010-2013. Based on these data sets, we analyzed the spatiotemporal characteristics of
built-up area in China from 2000 to the present and revealed regional differences in the de-
velopment of built-up area in different MFOZs for the periods 20002010 and 2010-2013,
as well as the adjusting degree to which they correspond to the plan for MFOZs, with a view
to providing policy support for future regulation strategies in optimizing national land de-
velopment in China.

2 Datasets and methods
2.1 Land use datasets

On the basis of CLUD from 2000 and 2010 (Liu et al., 2010; Kuang et al., 2013; Zhang et
al., 2012), we updated the land use datasets in 2013 by human-computer interactive method.
This method specifically identified the land use changing objectives by comparing the re-
mote sensing images for two periods in 2010 and 2013. We updated a national land use da-
tabase with a scale of 1:100,000. Then we developed the database of built-up area for the
two periods 2000-2010 and 2010-2013. High resolution remote sensing image covered the
whole country were used to update CLUD. Although data from Landsat TM did not cover
the whole of China or was of poor quality for some regions, data was used from the Re-
sources satellite third (ZY3) and the high precise image from the Google Earth to supple-
ment it, and better data from different sensor types and time phases was selected as appro-
priate to improve interpretation and mapping accuracy. The vector datasets were applied to
extract and calculate the area of each type of land including cultivated land, woodland,
grassland, water body, urban and industrial land, and unused land and their 25 sub-class
from CLUD classification system. To ensure the quality and accuracy of data, a nationwide
field survey was carried out during the preliminary interpretation of the 2013 data, and sam-
ples equivalent to 10% of all counties were randomly selected for the field survey data and
field records for the sake of verifying accuracy. The accuracy of first-level land categories
was higher than 94.3% and that of sub-class was higher than 91.2%, which was enough for
1:100,000 scale mapping accuracy.

In addition, the study further divided built-up area into three second-level land use cate-
gories, namely urban land, rural residential land, and factory, mine and transportation land.
Urban land refers to built-up areas of land in large, medium-sized and small cities and towns.
Rural residential land refers to land of residential areas smaller than towns. Factory, mine
and transportation land refers to land occupied by factories, mines, large industry, oilfields
and quarries, or special sites such as airports and ports.

2.2 China’s Major Function-oriented Zones

The data on Major Function-oriented Zones used in this study mainly came from the Na-
tional Plan for Major Function-oriented Zones issued by the State Council and the Scheme
for Major Function-oriented Zoning in China (V1.0) (Fan, 2015). Major Function-Oriented
Zones were divided into optimal development zones, key development zones, restricted de-
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velopment zones and prohibited development zones according to their development methods,
and restricted development zones were further divided into agricultural production zones
and key ecological function zones. Optimal development zones, such as the Bohai Rim, the
Yangtze River Delta and Pearl River Delta regions, are relatively strong overall, have
large-scale economies, relatively sound systems of urban and rural construction, relatively
strong internal economic ties and a strong scientific foundation for innovation. Key devel-
opment zones, such as the middle reaches of the Yangtze River, central and southern Hebei
and Central Plains economic zone, are regions that usually have strong economic founda-
tions, the beginnings of systems for urban development and can promote development in
surrounding areas. Restricted development zones are agricultural production zones and key
ecological function zones where large-scale and intensive urban construction are restricted.
Prohibited development zones are areas of strict ecological protection where industrializa-
tion and urbanization are prohibited (Fan, 2015). Since prohibited development zones are
function-oriented zones superimposed on the former three types of function-oriented zones,
and there is relatively few of them compared to the other types, this study chose not to deal
with them. MFOZs are also designated as national-level or provincial-level zones based on
the regional function hierarchy, and this paper focuses on national-level Major Func-
tion-oriented Zones, with no consideration given to provincial-level zones. The Draft of
Major Function-oriented Zoning in China (V1.0) primarily dealt with provincial administra-
tive zones. But attempts to coordinate with other indicators and plans meant that some zones
had two or more zoning classifications. Where this study has dealt with provincial adminis-
trative zones, zones that contain two or more types of major functions have been removed,
leaving only those counties that have one type of major function (Figure 1 and Table 1).
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Figure 1 Major Function-oriented Zones of China (Fan, 2015)

2.3 National developing zones

In order to better reveal the characteristics and regional differences between each major
function-oriented zone, this study divided China into four major zones (eastern, central,
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Table 1 The summary on Major Function-oriented Zones

Number of counties Land area
National-level functions
Number Percentage (x10* km?) Percentage (%)
Optimal development zones 134 8.50 13.87 2.15
Key development zones 361 23.46 67.76 10.51
Agricultural production zones 692 41.98 181.90 28.21
Key ecological function zones 419 26.06 381.25 59.13

Note: The number of counties is taken from statistics provided in the 2012 edition of the China county territories ad-
ministrative boundary vector data, and statistical results are not consolidated with administrative districts in accordance
with municipal districts.
western and northeastern regions — see Figure 2 and Table 2) based on economic and social
development factors. As the majority of optimal development zones are located along the
coast, during the discussion of optimal development zones we have subdivided them into
those in the Beijing-Tianjin-Hebei region, the Yangtze River Delta, the Pearl River Delta,
central and southern Liaoning, and the Shandong Peninsula.
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Figure 2 The distribution of major development zones

Table 2 Area and percentage of built-up area of Major Function-oriented Zones in 2013

Major Function-oriented Built-up area Proportion of national
Zones area (x10* km?) (x10* km?) land area (%)
Optimal development zones 13.87 3.74 27.02
Key development zones 67.76 4.25 6.27
Agricultural production zones 181.90 7.61 4.18
Key ecological function zones 381.25 1.63 0.43

2.4 Rate and dynamic degree of built-up area expansion

In order to better show the speed and intensity of development of built-up area, this study
used the indicators “built-up area expansion rate” and “dynamic degree of built-up area ex-
pansion”, both of which are stated as a percentage per year (%/yr). The formula for calcu-
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lating the built-up area expansion rate is as follows:

K:{Zn:(ASﬁ/Si)}x(l/t)xloo% (D

i
where S; is the area at the start of monitoring built-up area, ASj; is the total area of changed
land type from and to built-up area during the monitored period, and ¢ is time. The rate of
change of built-up area, K, therefore reflects the built-up area expansion rate within the
study area during the certain period.

The formula for calculating the dynamic degree of built-up area expansion is as follows:

S={i(ASH /Sa)}x(l/t)xloo% (2)

if
where S, is the study area, AS;; is the total area of changed land type from and to built-up
area during the monitored period, and ¢ is time. S is the dynamic degree of built-up area ex-
pansion, which reflects the intensity of change from others to built-up area within the study
area during the certain period.

3 Results and analysis
3.1 Distribution of built-up area from Major Function-oriented Zones in 2013

The total area of built-up area in national Major Function-oriented Zones was 17.22x10*
km? in 2013, accounted for 1.79% of China’s land area. Of this, optimal development zones,
key development zones, agricultural production zones and key ecological function zones
accounted for 3.74x10* kmz, 4.25%10* kmz, 7.61x10* km? and 1.63x10* kmz, respectively,
or 27.02%, 6.27%, 4.18% and 0.43%, respectively, of the total land area within each of their
function-oriented zones (Table 3). It is therefore possible to see the gradient feature of land
development in different MFOZs. The area proportion of built-up area sub-class in different
Major Function-oriented Zones is clearly different. The amount of urban land in optimal
development zones has reached 50.82%, which reflects the urban-centered development
model in those regions. The area proportion of urban land, rural residential land and land for
factories, mines and transportation in key development zones was 36.4%, 44.41% and
19.19%, respectively, which reflected the equal condition on urban, rural and industrial de-
velopment in key development zones. Rural residential areas accounted for 71.03% of agri-
cultural production zones and 68.01% of key ecological function zones, which reflect the
fact that the focus of these two types of zones is on rural development (Table 4). Thus, the
area proportion of built-up area sub-class clearly reflected the different development stages
of the MFOZs.

Table 3 The percentage of sub-classes of built-up area from Major Function-oriented Zones in 2013

Arca of built-u Proportion of  Proportion of Proportion of land used
area (<10° kmzr)) urban land rural residen- for factory, mining and
(%) tial land (%) transportation (%)
Optimal development zones 3.74 50.82 31.82 17.35
Key development zones 4.25 36.40 44.41 19.19
Agricultural production zones 7.61 18.33 71.03 10.64

Key ecological function zones 1.63 16.85 68.01 15.14
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Table 4 The related indexes of urban expansion from Major Function-oriented Zones in 2000—2010 and 2010—
2013

Total area of

Zones MFOZs (kmz) Indicator 2000-2010 2010-2013
Area of change (km?) 9863.24 3277.02
i B} Annual area of change (km*/yr 986.32 1092.34
Optimal devel 138.677.75 ge ( yr)
opment zones Built-up area annual rate of change (%/yr) 4.07 3.20
Built-up area dynamic degree (%/yr) 0.71 0.79
Area of change (km?) 8300.64 5238.82
_ Annual area of change (kmz/ T 830.06 1746.27
Key develop 677,553.16 £ v
ment zones Built-up area annual rate of change (%/yr) 2.86 4.68
Built-up area dynamic degree (%/yr) 0.12 0.26
Area of change (km?) 6551.95 5016.57
Agricultural Annual area of change (km?/yr) 655.19 1672.19
production 1,819,041.33
zones Built-up area annual rate of change (%/yr) 1.02 235
Built-up area dynamic degree (%/yr) 0.04 0.09
Area of change (km?) 1449.10 1337.47
; Annual area of change (km?/yr 144.91 445.82
Key e_cologlcal 3.812.537.64 ge ( yr)
function zones Built-up area annual rate of change (%/yr) 1.07 2.98
Built-up area dynamic degree (%/yr) 0.004 0.012

In 2013, built-up area of optimal development zones was mainly located in Beijing and
Tianjin of the Beijing-Tianjin-Hebei region, the Yangtze River Delta and the Pearl River
Delta, and crossing area across central and southern Liaoning and the Shandong Peninsula.
Built-up area of key development zones was mainly located in eastern coastal regions, Tian-
jin Binhai New Area, southern Hebei, the border region between Shandong and Jiangsu,
central Shanxi, northern Henan and eastern Hubei, with relative concentrations in central
Sichuan, central Shaanxi and Chonggqing. Built-up area of agricultural production zones was
mainly located in eastern coastal region, including large parts of Hebei, Shandong and Ji-
angsu, central region including large parts of Henan and Anhui, as well as western parts of
the northeastern region. Built-up area of key ecological function zones was relatively dis-
persed and scattered across the country (Figure 3).

3.2 Characteristics and regional differences of built-up area from Major Func-
tion-oriented Zones

The national expansion in built-up area in the period 2000-2010 mostly took place in the
eastern coastal and central regions, with fast expansion also occurring in southern areas of
China’s northeast and southern Gansu, eastern Sichuan and Chongqing in the west. Of these,
areas with the most obvious increases in built-up area were located in Beijing and Tianjin,
the Yangtze River Delta, the Pearl River Delta, Chongqing and Chengdu, with relatively
increases in built-up area also occurring around provincial capitals in the central region
(Figure 4a). Areas with the most notable increases in built-up area during the period
2010-2013 were mainly located in the Yangtze River Delta, followed by the Bohai Sea
region, with insignificant increases in most of the northeastern regions (Figure 4b).
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Figure 3 Spatial distribution of built-up area from Major Function-oriented Zones in 2013
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Figure 4 Urban expansion for Major Function-oriented Zones in China in 2000-2010 and 2010-2013

Compared to the period 2000-2010, the area of built-up area in four Major Function-
oriented Zones increased to varying degrees (Figure 5b) in the period 2010-2013. The larg-
est increase for 2000-2010, 986.32 kmz/yr, took place in optimal development zones,
whereas the same zones registered much slower growth in the period 2010-2013, with key
development zones having the largest increase of 1746.27 kmz/yr (Table 4). Compared to the
former 10-year period, the latter three years saw a significant decrease in the growth rate of
built-up area in optimal development zones, but a significant increase in the growth rate in
other MFOZs (Figure 5c). Key development zones, for example, experienced a rate of
change of 4.68%/yr, while the rate of change in key ecological function zones was 2.79
times faster for 2010-2013 compared with 2000-2010, though their average area of expan-
sion remained the lowest (see Table 4). Moreover, during the last three years of the study
period, the dynamic degree of each type of major function-oriented zone improved. Optimal
development zones had the lowest increase, while key ecological function zones had the
highest (Figure 5d). However, during the period 2010-2013, optimal development zones had
the most dynamic built-up area, with a value of 0.79%/yr, and although dynamic degree was



LIU Wenchao ef al.: Examining the influence of the implementation of Major Function-oriented Zones on built-up area 651

basically the same as the previous 10 years, they were still more dynamic than the three
other types of Major Function-oriented Zones (Table 4).
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Figure 5 The charts of urban expansion related indexes from Major Function-oriented Zones in 2000-2010 and
2010-2013

During the periods from 2000 to 2010 and from 2010 to 2013, the areas of built-up area in
four Major Function-oriented Zones all increased. The increased total area of built-up area
from 2000 to 2010 is larger than the total increased area of built-up area from 2010 to 2013.
But the annual area and annual rate of increased built-up area are of great difference between
the four MFOZs. In the optimal development zones, the annual increased area of built-up
area in 2010-2013 is almost the same with the one in 2000-2010, only with a little increase.
And the annual increase rate decreased slightly. The expansion of built-up area in optimal
development zones is mainly from the expansion of the large and medium scale cities. The
increased area of built-up area is mainly from the encroachment of urban built-up area in the
farmland around the city and suburbs. In the optimal development zones, which are the
eastern coastal and the northeastern regions, the expansion shows a “slow down in the south,
keep flat in the north, and speed up in the central part” spatial pattern. Compared to the pre-
vious decade, the annual change area and annual change rate of built-up area in the key de-
velopment zones increased a lot in 2010-2013, almost twice the previous decade. The in-
crease of built-up area is mainly from the sprawling of the rural and urban land. On the na-
tional scale, the expansion of built-up area in the key development zones shows a trend of
“sharp acceleration in the western and northeastern, keep essentially slowing growth in the
central and eastern coastal regions”. Compared with the previous decade, the annual change
area and rate of built-up area in agricultural production zones increased significantly in
2010-2013. The annual change area has increased by 1.5 times while the annual change rate
has increased by 1.3 times. The expansion of built-up area in the agricultural production
zones shows a trend of “significant growth in the whole region, abrupt acceleration in the
western”. In the key ecological function zones, compared to the 2000-2010, the annual
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change area of the built-up area increased by about 2 folds and the annual change rate in-
creased by about 1.8 times during the period 2010-2013. The expansion of built-up area in
the key ecological function zones shows a trend of “significant growth in the whole region,
abrupt acceleration in the western part, and slowdown in the northeastern part”. Both in the
agricultural production zones and key ecological function zones, the increase of built-up
area include the expansion of both urban land and rural settlements. But because of the high
proportion of the rural residential area, the expansion of built-up area is mainly because of
the expansion of the rural residential land.

Overall, since the plan for Major Function-oriented Zones was promulgated, the rate of
expansion of built-up area in optimal development zones has been effectively controlled and
the annual rate of change has decreased significantly. However, because of a smaller total
area, with a relatively large scope of built-up area to develop, the optimal development
zones would remain most dynamic during the latter three-year study period. This shows that
to some extent, since the implementation of the Major Function-oriented Zones plan, the
urbanization process in optimal development zones has been transformed from a simple ex-
pansion of the urban land to the optimization of urban structure which is an optimum devel-
opment direction. However, the annual rate of change and dynamic degree of built-up area in
key development zones, agricultural production zones and key ecological function zones
during the period 2010-2013 increased greatly. The high rate of and intense expansion of
built-up area in key development zones shows that the urbanization in key development
zones is speeding up. This is the most direct show of the performance of the Major Func-
tion-oriented Zones plan in the key development zones. Although the rate of change and
dynamic degree of built-up area in agricultural production zones and key ecological function
zones was still quite low in the last three years of the study, compared with the first 10 years
of the 21st century, the growth rate was still excessive and not in line with the level required
for “restricted development” in the MFOZ plan.

3.3 Characteristics and regional differences of built-up area from optimal develop-
ment zones

There was fast expansion of built-up area in optimal development zones during the period
2000-2010, particularly in the Yangtze River Delta and Pearl River Delta regions, as well as
in Beijing, Tianjin and Shenyang. Built-up area expansion in the 10 km x 10 km grids ex-
ceeded 10% on average, and in some cities with rapid economic growth, such as Guangzhou,
Shenzhen, Beijing, Tianjin, Shanghai, Suzhou and Wuxi, expansion of built-up area in each
10 km x 10 km grid exceeded 20% (see Figure 6a). Compared to the previous decade, the
speed of expansion of built-up area in many optimal development zones decreased, most
noticeably in the Pearl River Delta, while Beijing, Tianjin and their surrounding areas ex-
perienced only small increases, and built-up area in the Yangtze River Delta region contin-
ued to increase significantly in the three years after the plan for Major Function-oriented
Zones was promulgated (Figure 6b).

In terms of the amount, the annual area change of built-up area in the Pearl River Delta
decreased from 261.44 km?/yr during the first 10-year study period to 104.28 km?/yr in the
latter three-year study period, the largest decrease of the five regions under comparison. The
annual area change of built-up area in the Yangtze River Delta increased rapidly from 414.34
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Figure 6 Spatial distribution of urban expansion in optimal development zones in China in 20002010 and
20102013

km?/yr during the first study period to 634.96 km?/yr in the second, the biggest increase of
the five regions. The other regions did not show significant increases or decreases (Figure
7b). Compared with the period 2000-2010, although there was a small increase in the annual
rate of change of built-up area in southern and central Liaoning and the Shandong Peninsula
in the period 2010-2013, the annual rate of change in the other three regions fell, with the
most significant fall occurring in the Pearl River Delta, where the annual rate of change de-
creased by 5.1%/yr between the two periods. By comparison, the annual rate of change in-
creased by 0.51%/yr between the two periods in the Shandong Peninsula, the highest in-
crease of all the regions in the study (Figure 7c¢).

By analyzing dynamic degree of built-up area, the regions with the large changes in
built-up area during the two study periods were the Yangtze River Delta and the Pearl River
Delta. During the latter study period (2010-2013), the dynamic degree of built-up area in the
Yangtze River Delta reached 1.46%/yr, an increase of 0.51%/yr, while the dynamic degree of
built-up area in the Pearl River Delta decreased by 0.63%/yr, reaching 0.42%/yr. The dy-
namic degree of other regions showed no significant change (Figure 7d).

Overall, since promulgation of the plan for Major Function-oriented Zones, the speed and
intensity of urban expansion in the Pearl River Delta has slowed quite markedly compared to
the period before the plan’s promulgation, while the spatial layout of development of
built-up area was improved significantly. By contrast, the speed and intensity of urban ex-
pansion in the Yangtze River Delta and Shandong Peninsula increased rather than decreased,
most notably in the Yangtze River Delta, with considerably greater annual increases than the
other optimal development zones. The speed and intensity of urban expansion in the Bei-
jing-Tianjin-Hebei region and central and southern Liaoning remained roughly the same
before and after the plan’s promulgation.

3.4 Characteristics and regional differences of built-up area from key development
zones

Urban expansion in key development zones in the period 2000-2010 mainly took place in
the eastern coastal region, central region and eastern part of the western region. Areas with
the most notable urban expansion included the border area between Shandong and Jiangsu in
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Figure 7 Urban expansion statistics of optimal development zones in China in 2000-2010 and 2010-2013

the eastern coastal region; Changchun in Jilin and Harbin in Heilongjiang in the northeastern
region; central Shanxi, northern Henan, eastern Hubei, northeastern Hunan, northern Jiangxi,
and central and southern Anhui in the central region; and Erdos in Inner Mongolia, Chengdu
in Sichuan, Chongqing, Kunming and Yuxi in Yunnan, and around Urumqi in Xinjiang in the
western region (Figure 8a). The distribution of urban expansion in key development zones
during the period 2010-2013 was similar to the decade before, with the most significant
growth occurring in the eastern, central and southern parts of Anhui Province, Erdos in Inner
Mongolia, Chengdu in Sichuan and Urumgqi in Xinjiang (Figure 8b).
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Figure 8 Spatial distribution of urban expansion in key development zones in China in 2000-2010 and
2010-2013

The annual area change of built-up area in the four main regions increased to varying de-
grees. The western region had the greatest increase in the last three years of the study period
compared to the previous ten years, increasing from 326.17 km®/yr to 832.77 km?/yr. More-
over, although the overall amount of annual area change in the northeast was relatively small,
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it showed the greatest increase, of 2.85 times, compared to the previous decade. The eastern
coastal region and northeast had the smallest increases (Figure 9b).

In the period 2010-2013, the western region had the highest annual rate of change of
built-up area, reaching 6.65%/yr, and the northeastern region had the highest increase over
the previous decade, from 1.10%/yr to 2.82%/yr (Figure 9c¢).

3750 (a) Area of change (km?) 1000 r (b) Annual area of change (km%/yr)
3000 + 800
2250 600 |
1500 400 r
750 + I 200 J I I
0 0
2000-2010 2010-2013 2000-2010 2010-2013
7.5 [ (c) Annual rate of change of built-up area (%/yr) 0.75 - (d) Dynamic degree of built-up area (%/yr)
6.0 - 0.60 -
45 045
30 030
Bl G Bl
0 0 ||
2000-2010 2010-2013 2000-2010 2010-2013

[l Eastern coastal region Northeastern region Central region [l Western region

Figure 9 Urban expansion statistics of key development zones in China in 2000-2010 and 2010-2013

In terms of the dynamic degree of built-up area, the eastern coastal region continued to
have the highest rate in the period 2010-2013, with 0.63%/yr, while the northeastern and
western regions had the largest increases of 2.86 and 2.57 times, respectively, between the
two periods (Figure 9d).

Overall, following promulgation of the plan for Major Function-oriented Zones, the av-
erage annual area of expansion of built-up area in key development zones exceeded that of
optimal development zones, and all four major regions showed increases in the speed and
intensity of expansion, most notably the northeastern and western regions. The western re-
gion also experienced the highest growth of all regions in terms of annual area increases and
speed of growth. The eastern coastal and central regions increased at a slower rate, but urban
expansion in each region was basically in line with the requirements set out in the plan for
Major Function-oriented Zones.

3.5 Characteristics and regional differences of built-up area from agricultural pro-
duction zones

Expansion of built-up area in agricultural production zones was relatively dispersed during
the period 2000-2010, being scattered around the eastern coastal, central and southern part
of northeastern regions, as well as the southeast corner of the western region. Although ex-
pansion of built-up area in agricultural production zones occurred throughout the country,
overall levels were relatively low. Areas with agricultural production zones that experienced
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relatively high levels of expansion included the border area between Hebei and Shandong
and the majority of Jiangsu and Fujian provinces in the eastern coastal region, Liaoning
Province and western Jilin in the northeastern region, Henan, Anhui, Hunan and Hubei
provinces in the central region, and Sichuan, Yunnan and Guizhou provinces and northern
Xinjiang in the western region (Figure 10a). Compared to the previous decade, there was
relatively little urban expansion in agricultural production zones during the period
2010-2013, and it was mainly concentrated in Henan, Shandong and Anhui provinces
(Figure 10b).
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Figure 10 Spatial distribution of urban expansion in agricultural production zones in China in 2000-2010 and
20102013

Agricultural production zones in the eastern coastal region had the largest annual area of
change in built-up area in the period 2010-2013 (590.47 km?/yr), while the western region
experienced the fastest growth (442.36 km?/yr), which was 3.77 times more than the previ-
ous decade. Meanwhile, the northeastern and central regions also experienced significant
increases (Figure 11b). The annual rate of change of built-up area in the period 2010-2013
was the fastest compared to the previous decade in the western region, which also had the
highest overall amount, with 5.79%/yr. The rate of change of built-up area in agricultural
production zones in the other three regions all showed varying degrees of growth
(Figure 11¢).

Agricultural production zones in the eastern coastal region also had the most dynamic
built-up area, with values of 0.11%/yr in the period 2000-2010 and 0.22%/yr in the period
2010-2013, while the western region had the largest increase in dynamic condition, from
0.01%/yr in the period 2000-2010 to 0.05%/yr in the following three-year period, a five-fold
increase. In addition, agricultural production zones in the central region experienced a sig-
nificant increase in dynamic degree from 0.05%/yr in the period 2000-2010 to 0.14%/yr in
the period 2010-2013 (Figure 11d).

Overall, since the plan for Major Function-oriented Zones was promulgated, the average
annual area expansion of built-up area in agricultural production zones has exceeded that of
optimal development zones. The annual rate of increase in area of built-up area in agricul-
tural production zones in the eastern coastal, central and western regions in the 2010-2013
period was more than double that of the previous 10-year period, while the annual rate of
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increase in the western region was more than three times that of the previous period. More-
over, the speed and intensity of urban expansion in the four major regions also increased
significantly, with the most notable increases occurring in the western region. With the ex-
ception of a few localities, the annual rate of change and dynamic degree of urban expansion
in agricultural production zones in each of the main regions were below those in key devel-
opment zones, which largely conformed to the requirements set out in the plan for Major
Function-oriented Zones.

3750 (a) Area of change (km?) 750 (b) Annual area of change (km?%yr)
3000 - 600 |-
2250 - 450 -
1500 - 300 -
750 I I 150 I
0 0 .
2000-2010 2010-2013 2000-2010 2010-2013

751 (c) Annual rate of change of built-up area (%/yr) 0.25 (d) Dynamic degree of built-up area (%/yr)

6.0 020
4.5 0151
3.0 0.10
1.5+ I I 0.05 J
L 0 - B

2000-2010 2010-2013 2000-2010 2010-2013

[ Eastern coastal region Northeastern region Central region [l Western region

Figure 11 Urban expansion statistics of agricultural production zones in China in 2000-2010 and 2010-2013

3.6 Characteristics and regional differences of built-up area from key ecological
function zones

There was relatively little and scattered expansion of built-up area in national key ecological
function zones, with less than 2% of 10 km x 10 km grids registering expansion. The little
expansion that took place in the period 2000-2010 was mainly focused in eastern Hubei and
the border areas of Hubei, Hunan and Chongqing in the central region, as well as eastern
Inner Mongolia, southern Gansu and large parts of Shaanxi in the western region (Figure
12a). During the period 2010-2013, very little expansion of built-up area took place in key
ecological function zones (Figure 12b).

Built-up area in key ecological function zones within each of the major regions expanded
by a relatively small amount, with the western region showing the largest annual area of
change, from 82.58 km?/yr in the period 2000-2010 to 294.69 km®/yr in the period
2010-2013, which was also the fastest rate of growth, followed by the central region, with
an annual area of change 3.01 times higher in the latter period than the former (Figure 13b).

The rate of change of built-up area in key ecological function zones in the central region
reached 6.66%/yr in the period 2010-2013, the highest of the four major regions. During the
same period, the rate of change of built-up area in key ecological function zones greatly ex-
ceeded that of built-up area in agricultural production zones and key development zones
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2010-2013
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Figure 13 Urban expansion statistics of key ecological function zones in China in 2000-2010 and 2010-2013

(Figure 13c). Meanwhile, the western region experienced the largest increase in the rate of
built-up area change, 3.23 times higher in the period 2010-2013 than in the period
2000-2010. The eastern coastal region had the most dynamic built-up area in key ecological
function zones in both periods, being 0.02%/yr and 0.04%/yr, respectively, while the western
region had the fastest growth rate in terms of dynamic condition, with the latter period 3
times higher than the former period, though the total value was quite low, only 0.009%/yr
for 2010-2013 (Figure 13d).

Overall, then, following promulgation of the plan for Major Function-oriented Zones, the
speed and intensity of urban expansion in key ecological function zones increased to varying
degrees in each of the four major regions, with the most notable increase in the western re-
gion and the weakest growth rate in the northeastern. It is worth noting that there was a sig-
nificant increase in the annual rate of change and dynamic degree of urban and rural con-
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struction in the central region, with the annual rate of change considerably higher than agri-
cultural production zones, and even higher than key development zones. It is therefore nec-
essary to further strengthen management and control over this.

4 Conclusions

By interpreting built-up area expansion data from multiple periods from CLUD Major Func-
tion-oriented Zoning in China, the spatiotemporal characteristics of the expansion of
built-up area were analyzed in the first decade of the 21st century and during the following
three years. Using the indexes including the annual rate of change and dynamic degree of
built-up area, this paper has revealed the characteristics and causes of changes in built-up
area across the country and in the MFOZs located in the four major regions (eastern, central,
western and northwestern) before and since promulgation of the plan for Major Func-
tion-oriented Zones.

(1) In 2013, built-up area in optimal development zones, key development zones, agri-
cultural production zones and key ecological function zones as a proportion of the total land
area in each of the zones was 27.02%, 6.27%, 4.18% and 0.43%, respectively. Urban
built-up area accounted for 50.82%, 36.4%, 18.33% and 16.85% of the total built-up area in
each type of zones, respectively, while rural built-up area was the opposite, which reflects
the cascading nature of national land use in accordance with the layout of major functions.

(2) Compared with the period 2000-2010, annual growth in built-up area in optimal de-
velopment zones decreased during 2010-2013, while it increased significantly in key de-
velopment zones, agricultural production zones and key ecological function zones, with the
average area expansion of urban and rural construction in key development zones and agri-
cultural production zones exceeding that of optimal development zones, and the annual av-
erage area expansion of built-up area in key ecological function zones and the dynamic de-
gree of urban and rural land remaining the lowest levels.

(3) At the regional scale, the average annual increase in built-up area in optimal develop-
ment zones in the Yangtze River Delta region was significantly higher than that in optimal
development zones in other regions; the average area increase and rate of increase of built-
up area in key development zones was faster in the western region than in other regions;
average annual area growth of built-up area in agricultural production zones in the north-
eastern, central and western regions was twice as high as the previous decade on average,
while the annual rate of increase in the western region was three times as high as in the pre-
vious decade; the annual rate of change and increase in the dynamic degree of built-up area
were most notable in key ecological function zones in the central region.

(4) The spatial pattern and characteristics of built-up area from 2010 to 2013 reflected the
gradient feature development requirements of the plan for Major Function-oriented Zones.
But the rate of increase locally in built-up area in optimal development zones, agricultural
production zones and key ecological function zones is excessive, so management and regu-
lation must be strengthened.

(5) This study indicated that by adopting a spatial-pattern change analytical method to
carry out an analysis of the characteristics and the regional differences of built-up area in the
periods before and after the promulgation of the plan for Major Function-oriented Zones, the
variation in built-up area in different functional zones and different regions and the degree
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that such variation corresponds to the plan for Major Function-oriented Zones is made clear.
The study indicated these methods and results were meaningful for future regulation strate-
gies in optimizing national land development in China.
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