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Abstract: Development of Xiong'an New District (XND) is integral to the implementation of the
Beijing-Tianjin-Hebei (BTH) Integration Initiative. It is intended to ease the non-capital func-
tions of Beijing, optimize regional spatial patterns, and enhance ecosystem services and liv-
ing environment in this urban agglomeration. Applying multi-stage remote sensing (RS) im-
ages, land use/cover change (LUCC) data, ecosystem services assessment data, and
high-precision urban land-cover information, we reveal the regional land-cover characteristics
of this new district as well as across the planned area of the entire BTH urban agglomeration.
Corresponding ecological protection and management strategies are also proposed. Results
indicated that built-up areas were rapidly expanding, leading to a continuous impervious
surface at high density. Urban and impervious surface areas (ISAs) grew at rates 1.27 and
1.43 times higher than that in the 2000s, respectively, seriously affecting about 15% area of
the sub-basins. Construction of XND mainly encompasses Xiongxian, Rongcheng, and Anxin
counties, areas which predominantly comprise farmland, townships and rural settlements,
water, and wetland ecosystems. The development and construction of XND should ease the
non-capital functions of Beijing, as well as moderately control population and industrial growth.
Thus, this development should be included within the national ‘sponge city’ construction pilot
area in early planning stages, and reference should be made to international low-impact de-
velopment modes in order to strengthen urban green infrastructural construction. Early stage
planning based on the existing characteristics of the underlying surface should consider the
construction of green ecological patches and ecological corridors between XND and the cities
of Baoding, Beijing, and Tianjin. The proportion of impervious surfaces should not exceed
60%, while that of the core area should not exceed 70%. The development of XND needs to
initiate the concept of ‘planning a city according to water resource amount’ and incorporate
rainwater collection and recycling.
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1 Introduction

It is well known that the processes of global warming and rapid urbanization are seriously
affecting human well-being, urban settlements, and ecosystem services. Thus, as a result of
major global research projects including the International Millennium Ecosystem Assess-
ment, Urbanization and Global Environmental Change, and Future Earth, as well as the
study of ‘global change and urban ecology’ and other key academic developments, upgrad-
ing urban ecosystem services and improving human well-being have become a focus for
scholars around the world (Grimm et al., 2008; Pickett et al., 2014; Ouyang et al., 2016).

In concert with rapid global urbanization, Chinese cities have also expanded at an un-
precedented rate, especially during the first decade of the 21st century; the present rate of
urban expansion in China is about 2.16 times higher than that of the 1990s. The conversion
of natural and semi-natural ecosystems to artificial ones as the result of urbanization can
seriously affect ecosystem structures, processes (e.g., water and heat), and service functions
(e.g., support, supply, regulation, and cultural services), leading to the development of urban
heat island and the intensification of extreme heating events (Jones et al., 2015; Kuang et al.,
2015a; Lelieveld et al., 2015), environmental pollution (Leichenko, 2011), and frequent dis-
asters due to flooding (Jha et al., 2012). In order to improve environmental adaptability to
mitigate the risk of natural disasters and realize ecological sustainable development, the
concepts of Ecosystem-based approaches to Adaptability (EbA) (Jones et al., 2012) and
‘Resilience’ (Holling, 1973) have been applied in ecology. Gunderson and Holling (2002)
proposed ‘panarchy’ and the ‘multi-scale nested adaptive cycle model’ as representative of
urban ecological elasticity; these concepts can be applied to provide new scientific ideas and
solutions to understand the underlying evolutionary mechanisms of urban ecosystems
(Meerow et al., 2016).

Since the beginning of the 21st century, ‘urban agglomerations’ have become core to the
concept of ‘new urbanization’ and economic development in China. However, the healthy
and coordinated development of these areas is key to sustainable development, both nation-
ally and globally (Lu, 2008; Guo et al., 2010; Gu, 2011). Subsequent to adoption of the
‘Beijing-Tianjin-Hebei Cooperation and Development Strategy’ at the meeting of the Politi-
cal Bureau of the CPC Central Committee in April 2015, coordinated development of the
Beijing-Tianjin-Hebei (BTH) urban agglomeration, the third largest urban agglomeration in
China, became a priority at the national strategic level. Understanding how to efficiently and
accurately extract surface coverage information from this urban agglomeration at different
scales as well as conducting real-time dynamic monitoring to meet its application require-
ments is of great significance (Fang et al., 2016; Peng et al., 2016). The timely and accurate
monitoring of urban surface features using remote sensing (RS) technology has also become
a key topic in the study of urbanization and its eco-environmental effects. Monitoring is
clearly of great significance to the scientific planning of towns, the rational distribution of
industrial structures, and the improvement of urban system development strategies (Weng et
al.,2009; Wu et al., 2011; Liu et al., 2012; Kuang et al., 2015b).

The CPC Central Committee and the State Council initiated the creation of Xiong’an New
District (XND) on April 1st, 2017 and defined it as encompassing an initial development
area of about 100 km®, a medium-term development area of about 200 km”, and a long-term
control area of about 2000 km®. This new district has also been afforded national signifi-



KUANG Wenhui ef al.: Examining urban land-cover characteristics and ecological regulation in Xiong’an New District 111

cance along the lines of the previously developed Shenzhen Special Economic Zone and
Shanghai Pudong New District. The development of XND is a Millennium Plan, as well as a
national event, recognized as a major historic strategic choice by the CPC Central Commit-
tee under the leadership of President Xi Jinping, and is of great strategic significance for the
development of BTH and easing the non-capital functions of Beijing. At this critical moment,
urgent planning and construction tasks necessitate an improved understanding of regional
surface features within the proposed area of this new district to enable accurate estimations
of future construction population and magnitude scale, as well as to propose land use, urban
heat island, and other control measures to reveal future potential eco-environmental risks.
Therefore, this study utilizes long-term data series of RS images, land use/cover change
(LUCC), ecosystem service assessment, and high-precision urban land use information to
synthetically analyze the ecosystem status of the counties of Xiongxian, Rongcheng, and
Anxin (‘Xiong’an three counties’) in Hebei Province. We also proposed an ecological man-
agement and control strategy for this development and submitted ‘Suggestions on Strength-
ening Regional Ecological Control in Construction of Hebei Xiong’an New District by Chi-
nese Academy of Sciences Experts’ to the CPC Central Committee on April 8th, 2017. En-
compassing two aspects, the regional background of the BTH urban agglomeration and
planning area coverage, this paper discusses the current urban agglomeration and impervious
surface situation within the BTH area in the early 21st century in the context of the overall
development situation of this area, specifically the planned XND. We also present a scien-
tific forecast of the ecological risks caused by the construction of XND in this study. This
work is therefore an important scientific reference for the coordinated development of BTH
and the construction of XND.

2 Study area and data source
2.1 Study area

The BTH urban agglomeration is the third largest in China after the Yangtze River Delta and
the Pearl River Delta. This urban agglomeration is also the center of national political, cul-
tural, and international exchange as well as scientific innovation, and encompasses a total
land area of 216,300 km®, including 13 cities with a permenant population of 111 million
and GDP of 6667.45 billion yuan. Subsequent to the process of reform and opening up, both
economy and society have developed rapidly in China, leading to imbalances in the devel-
opment of urban systems and causing major impacts on regional eco-environments. At the
end of April 2015 and 2017, the CPC Central Committee and the State Council enacted the
‘Beijing-Tianjin-Hebei Cooperation and Development Strategy’ and made the decision to
build ‘Xiong’an New District’ in order to promote the major national strategy for BTH. The
aims of these developments were to ease the non-capital core functions of Beijing, adjust
and optimize the urban spatial structure of the region, and to promote coordinated develop-
ment of the regional eco-environment and socio-economy.

The planned XND covers Xiong’an three counties as well as surrounding areas within the
city of Baoding in Hebei Province. These areas together comprise an equilateral triangle
along with the cities of Beijing and Tianjin, encompassing a distance of about 110 km. The
total administrative area of Xiong’an three counties is about 1557 kng the topography of



112 Journal of Geographical Sciences

this region is dominated by low altitude plains and depressions, while elevations range be-
tween 0 m and 44 m (average: 3.97 m). Almost 70% of our study area, however, falls within
an elevation range between 0 m and 5 m, while 25% falls within a range between 5 m and 10
m. At the beginning of 2015, the total population of Xiong’an three counties was 1.13 mil-
lion, of which the agricultural population comprised 64% of the total, or 0.722 million. The
non-agricultural population was 0.41 million, or 36% of the total. The gross domestic prod-
uct of Xiong’an three counties is 21.106 billion yuan, with primary, secondary, and tertiary
industries accounting for 2.869 billion yuan, 13.375 billion yuan, and 4.862 billion yuan,
respectively (Table 1).

Table 1 Area, population, and economic statistics of administrative division of Xiong’an three counties in 2015

Area Population (10,000) Economic status (billion yuan)
Name (km?) Total Agri- Non-agr GDP Primary Secondary Tertiary
cultural  icultural industry industry industry
Rongcheng 314 27.31 13.73 13.58 5.775 0.971 3.415 1.389
Anxin 729 46.30 32.35 13.95 6.256 0.885 3.604 1.767
Xiongxian 514 39.41 26.12 13.29 9.075 1.013 6.356 1.706
Total 1557 113.02 72.20 40.82 21.106 2.869 13.375 4.862

Data extracted from the China County Statistical Yearbook, 2015.
2.2 Data sources

The main data sources used in this study include data on LUCC change, ecosystem macro-
structure, digital terrain and geomorphology, and vegetation net primary productivity, as
well as soil erosion RS data. We also downloaded Normalized Difference Vegetation Index
(NDVI) data published by the National Aeronautics and Space Administration
(https://ladsweb.modaps.cosdis.nasa.gov/archive/allData/6/MOD13Q1/), night light data
released by the US National Oceanic and Atmospheric Administration (https://ngdc.
noaa.gov/eog/download.html), high-resolution RS images from Google Earth, sub-basin bound-
ary data from the United States Geological Survey and the Earth Resources Observation and Sci-
ence Center (http://eros.usgs.gov/Find Data/Products_and Data Available/gtopo30/hydro/asia),
and data on Chinese administrative divisions from the National Geographic Information
Center (http://ngcc.sbsm.gov.cn/), as well as other socio-economic and statistical informa-
tion.

2.3 Extracting land cover information from the urban agglomeration

We extracted information about urban land use and ecosystem structure from the 2000, 2005,
2010, and 2015 National Land Use Datasets of China. These datasets are based on Landsat
ETM/TM/OLI, HJ-1A, ZY-3 and other satellite images and rely on a unified standard arti-
ficial digital interpretation that comprises six classes (i.e., cropland, forest land, grassland,
water, urban and rural construction land, and unused land) as well as 25 sub-classes. The
average classification accuracy of these datasets is greater than 90%, meeting the require-
ments of 1:100,000 scale mapping (Liu et al., 2002, 2010; Kuang et al., 2016b).

We extracted urban impervious surface distributional information every five years be-
tween 2000 and 2015 from a number of data sources including the NDVI and DMSP/OLS
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images, using urban construction land as a spatial mask. This approach is based on the work
of Lu et al. (2008) who proposed the use of the impervious surface index of residential area
and Kuang et al. (2013) who later modified this by applying regression correction parame-
ters. We extracted urban impervious surface distribution information based on this modified
index (Kuang et al., 2013) by establishing an impervious surface regression model at the
regional scale (Figure 1a). We then calculated correlation coefficients and root mean square
(RMS) error using the impervious surface distribution in 2015 as an example, and evaluated
the accuracy of this approach using Google Earth high-resolution images and random sam-
pling (Kuang et al., 2011, 2013, 2016a). The results of this method yielded a correlation co-
efficient of 0.78 and a RMS error of 0.17, both of which satisfy the requirements of regional
scale mapping.

2.4 Ecological RS parameter acquisition and methods to evaluate ecosystem services

The ecological RS parameter data used in this study includes vegetation cover, farmland
productivity, and soil erosion. Vegetation cover was evaluated using the 250 m MODIS
NDVI, while the NDVI maximum was obtained from preprocessed RS images. Farmland
productivity data was expressed as net primary productivity (NPP) generated by the light
energy utilization model satellite-based Vegetation Photosynthesis Model (VPM) based on
MODIS RS and meteorological data (Xiao et al., 2004; Yan et al., 2007; Guo et al., 2015),
while soil erosion data was obtained using the all-digital human-computer interaction analy-
sis method founded on Landsat and other relevant auxiliary information, including digital
elevation, soil type, vegetation coverage, and surface composition (Zhang et al., 2014).
Previous work has shown that there is a significant correlation between the area of imper-
vious surface within a watershed and potential ecosystem health; thus, an increase in imper-
vious surface area can seriously affect riverine ecosystems (Klein, 1979; Griffin et al., 1980;
Schueler, 1987; Schueler, 1994; Elvidge et al., 2007; Peng et al., 2015). Because of this ef-
fect, we utilized the impact of urbanization on aquatic ecosystems as an indicator in this
study; Bierwagen et al. (2010) found that when the proportion of impervious surface area
(ISA) in a basin is less than 1%, it will have no effect on an aquatic ecosystem. In contrast,
when this proportion is between 1% and 5%, there will be a slight effect on the aquatic eco-
system, but when the proportion is between 5% and 10%, there will be moderate impact.
Serious impacts will be observed in aquatic ecosystems when the ISA of a basin is between
10% and 25%, and these effects will be severe when the proportion is larger than 25%. We
therefore applied a sub-basin impervious surface index model in this study to calculate this
proportion within the sub-basin, using these threshold levels to assess potential impacts on
riverine ecosystems. We used the formulae described by Kuang et al. (2011, 2013, 2016a).

3 Results and analysis

3.1 Underlying characteristics of the BTH urban agglomeration

As discussed, we evaluated spatiotemporal changes in urban expansion within the BTH ur-
ban agglomeration between 2000 and 2015. We also quantified dynamic changes and the
environmental impacts of urban ISA changes within the study area.
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3.1.1 Dynamic characteristics of urban expansion

Dynamic changes in urban land use are illustrated in Figure 1, based on interpretation of
LUCC data for the BTH urban agglomeration between 2000 and 2015. The data presented in
Figure la reveal that the expansion of urbanization within the BTH urban agglomeration
was significant at the start of the 21st century, especially in Beijing and Tianjin, and that
built-up land within these cities exhibited a sprawling expansion mode. Results reveal a
4,500.44 km? increase in the area of urban land since 2000, an average annual rate of in-
crease of 300.03 km?/year, up to about 1.27 times the total area of 2000.

Results show significant differences in the expansion area of cities depending on stage.
Expansion in urban land has mostly occurred within the six cities of Beijing, Tianjin, Shiji-
azhuang, Tangshan, Handan, and Langfang; taken together, these cities account for 71.76%
of the total expansion area across the entire region. The cities of Beijing and Tianjin experi-
enced the largest increases in urban expansion; the total expansion area of Beijing was
1004.78 km?, corresponding to a rate of 66.99 km®/year, while the total expansion area of
Tianjin was 682.945 km?, corresponding to a rate of 45.53 km?/year. A large growth in urban
land area has also been seen in Hebei Province and in the cities of Handan, Shijiazhuang,
Tangshan, and Langfang, corresponding to a growth area of more than 300 km® (Figure 1b).
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Figure 1 Dynamic changes in the expansion of built-up areas within the BTH urban agglomeration between

2000 and 2015

3.1.2 Spatiotemporal patterns of urban impervious surface

There has been continuous growth in ISA within the BTH urban agglomeration (Figure 2a)
since the beginning of the 21st century because of the expansion of urban construction land.
Statistics show that the urban ISA of this region has increased by 3491.73 km” over the last
15 years, 1.43 times the total area in 2000, and an average annual expansion rate of 232.78
km*/year. The largest contributions to this growth were in Beijing and Tianjin, where total
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areas increased by 691.38 km’ and 581.45 km’, respectively, encompassing more than
36.45% of the regional total growth area. Similarly, the total ISA increased by more than 300
km” in Tangshan, Handan, and Shijiazhuang; the growth of these three accounted for 27.83%
of the regional total growth area. Areas in Langfang, Baoding, and Xingtai also increased by
relatively large amounts, while the area of Chengde increased the least, by just 91.01 km®.
The city of Beijing had the largest ISA within the region by 2015, almost 1500 km?, fol-
lowed by Tianjin, which experienced an increase of more than 1000 km”. Shijiazhuang,
Tangshan, Handan, and Baoding all experienced increases of about 500 km®.
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Figure 2 Maps showing the distribution of ISA within the BTH urban agglomeration and typical cities
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Consistent with the overall trends in urban expansion, changes in ISA are characterized
by sudden periods of rapid growth after slow growth before returning to their previous rates
of change. Between 2000 and 2005, for example, the overall ISA of the region increased by
652.60 km?; within this, however, the cities of Beijing and Tianjin experienced substantial
increases in ISAs, while other cities expanded more slowly. In contrast, between 2005 and
2010, the ISAs of all the cities within this region increased rapidly at a rate of expansion
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3.05 times that of the earlier period. Between 2010 and 2015, this rate of growth suddenly
reduced, however, to just 42.66% of the second period of analysis.

The data presented in Figures 2b—2d reveal that the area of built-up land within the three
cities (Beijing, Tianjin, and Shijiazhuang) that comprise the BTH urban agglomeration has
expanded significantly over the last 15 years and that the corresponding internal impervious
surfaces have also gradually increased along with city expansion. Results show a more than
60% ISA proportion within each of the three cities, while growth of this type outside urban
areas mainly includes increases in medium and higher density impervious surfaces radiating
to surround urban, rural and suburban areas. These changes have resulted in the continuous
layout and expansion of impervious surfaces within cities and surrounding areas.

We calculated the water-impermeable surface area proportion for each sub-basin in 2015
based on the boundaries of 92 regional sub-basins, and generated an ecological health impact
rating for the water in each case. These results show that more than 60% of sub-basins within
the study area were affected to different degrees by impervious surfaces; most of these
sub-basins are located in the southeastern part of the study area and 78.15% of them were either
affected seriously or severely, encompassing more than 57% of the total area (Figure 3 and
Table 2). Seriously and se-
verely affected sub-basin areas
account for 21.12% of the total
area, especially within Beijing
and Tianjin, while the Bohai
Bay region alongside sub-ba-

sins in Baoding, Shijiazhuang,
and Handan have all been se-
verely affected by impervious

surfaces. In contrast, moder- Rank distribution of
ately affected sub-basins are ISA-affected sub-basins

. . No effect
pred.omlnantly . an.d rela.tlvely [ Slight offect
continuously distributed in the B Moderats effect
southwestern part of the se- [ Serious effect ,

. 0 100km

verely affected sub-basins, I Severe effect ’ {/r 7

while northern, central, and sou- Figure 3 Map showing the ranked distribution of ISA affected
thern parts of the sub-basins sub-basins

were least affected.

Table 2 Statistics of ranked distribution of ISA affected sub-bains

Proportion Sub-basin
Level o
(%0) Number Proportion (%) Area (km®) Area proportion (%)

No effect 0-1.0 36 39.13 47,049.57 21.85
Slight effect 1-5 16 17.39 71,577.27 33.25
Moderate effect 5-10 14 15.22 51,203.34 23.78
Serious effect 10-25 12 13.04 34,548.59 16.05
Severe effect 25-100 14 15.22 10,920.65 5.07

Total 92 100.00 215,299.4 100.00
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3.2 Status of ecological system and spatial governing strategies of Xiong’an three

counties
3.2.1 The ecological system structure of Xiong’an three counties

RS monitoring of ecological macrostructural changes between 2000 and 2015 revealed rela-
tively large differences in farmland, townships, rural settlements, and water between
Xiong’an three counties by the end of 2015 (Figure 4). Farmland ecosystems comprised the
largest area (697.79 kmz) within this region, encompassing 69% of the total area and mainly
including dry farmland; just 51.56 km® of paddy fields occur in Anxin County. The next
most dominant LUCC types are urban and rural settlements (303.39 kmz) which account for
19.49% of the region, especially townships and rural settlements, which comprise more than
80% of the urban and rural settlement area. Waters and wetland areas are ranked in third
place, encompassing an area of 175.08 km® and accounting for 11% of the region, most no-
tably the freshwater Baiyangdian Lake (Table 3).

[ Paddy

[ Dry farmland

. Forest

[ Grassland

A__' B Water and wetland
M Built-up areas

[ Rural settlements

I Independent
industrial
10 km and mining area

Figure 4 Maps showing the distribution of ecosystem types in Xiong’an three counties in 2015

Table 3  Area statistics of ecosystem classification of the Xiong’an three counties in 2015 (km?)

Cropland Urban and rural settlements
Water and
Name Paddy Dry Forest wetland Built- Township and Independent industrial
farmland up area  rural settlements and mining land
Rongcheng 0.00 224.72 1.59 5.70 9.22 67.29 5.22
Anxin 51.56 391.61 1.02 163.90 7.56 99.79 10.55
Xiongxian 0.00 399.90 6.51 5.48 17.58 79.74 6.42
Total 51.56 1016.23 9.12 175.08 34.37 246.82 22.20

Data show that urban and rural settlement areas have expanded significantly over the last
15 years within the three counties studied in this paper. The total area of expansion was
113.89 km?, of which built-up areas, townships and rural settlements, as well as independent
industrial and mining land use expanded by 15.11 km?, 82.99 km? and 15.79 km?, respec-
tively. At the same time, areas of cultivated land, water and wetlands within Xiong’an three
counties decreased by 65.90 km? and 96.80 km?, respectively.
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The proportions of non-agricultural population (36%) as well as built-up areas (34.37 km?)
within Xiong’an three counties in 2015 confirm that the level of urbanization within this
region is relatively low. Data further demonstrate that the ISA of this region in 2015 was
110.45 km®, encompassing 36% of the urban and rural settlement area of Xiong’an three
counties. The ISA contained within these three counties is 23.98 km®, corresponding to an
average ratio of 70%. Thus, because the area of urban land is small, no obvious heat island is
evident within this region.

3.2.2 Ecosystem services in Xiong’an three counties

Utilizing RS data products in combination with model retrieval results for the period be-
tween 2000 and 2015, we evaluated the key ecosystem factors within Xiong’an three coun-
ties, including vegetation cover status, farmland production capacity, and soil erosion. Re-
sults show that ecosystem services remain in good condition within this region, including
vegetation coverage, farmland production capacity, and soil conservation. However, due to
enhanced disturbance, the vegetation cover within Xiong’an three counties has been slightly
degraded over the last 15 years, although the NDVI was stable at 0.79 by 2015 (Figure 5a).
This ecosystem type encompasses 76.4% of the total farmland area, is high quality, and gen-
erates significant yields (Figure 5b). Indeed, because of enhanced vegetation coverage and
the superiority of farmland ecosystems in this area, soil erosion has been effectively miti-
gated; this kind of erosion within this region is dominated by slight water and wind erosion,
comprising the weakest level of Chinese soil erosion.
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Figure 5 Maps showing the NDVI and NPP status of Xiong’an three counties in 2015
3.3 Potential impacts of future ecological construction

Comprehensive analysis and evaluation of potential eco-environmental impacts during dif-
ferent developmental stages has demonstrated that Xiong’an three counties is characterized
by excellent ecological conditions as well as strong resources and environmental carrying
capacities. This area is a low-lying plain as the average elevation of the three counties is just
3.97 m and 70% of the region has topography between 0 m and 5 m above sea level. In
terms of ecosystem types, as about 80 km? of cultivated land is present in addition to Bai-
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yangdian Lake, this region lacks large ecological patches such as forests or ecological source
protection in terms of a wider range of ecological sources as urban footprints. It is therefore
clear that the future planned construction of XND will need to focus on accommodating the
demographic and industrial targets of easing the non-capital fuctions of Beijing, in particular
controlling population growth and industrial magnitude at moderate levels in order to create
an ecological and healthy city with a population of five million or less. In light of the factors
discussed above, potential eco-environmental impacts on the construction of XND as well as

proposed control measures are presented in Table 4.

Table 4 Potential eco-environmental impacts on the construction of XND and proposed control measures

Expected impact and
regulation index

Initial stage

Medium-term

Long-term

Expected by 2020 Expected by 2025

Expected by 2030 Expected by 2050

Population size

Built-up area

Between one mil-
lion and two mil-
lion people

Between half a

million and one

million people

Between 60 km* and Between 120 km’
120 km® and 240 km’

Greater than five
million people

Between two million
and five million people

Between 240 km® and Greater than 600
600 km’ km’

Urban land use,
industrial regulation,
and control model
Impervious surface
control in built-up
areas

Land use

Urban heat island

Potential ecological
impacts and pro-
posed control strate-
gies

Potential environ-
mental impacts and
proposed control
strategies

Ease Beijing city non-capital functions via
moderate control

Control the ratio of ISAs to less than 60%

Predominantly include cultivated land and
township rural residential areas. Build an
ecological protection zone between urban
areas and Baiyangdian Lake

Although the space occupied by urban heat
island will expand, this can be controlled
via urban ecological structures to a varia-
tion of 1°C

This region is low-lying and vulnerable to
storm impacts. Construction, population,
industry,
tion-related factors will reduce ecosystem
water conservation and other service func-
tions

Low-lying flat, high-rise buildings will
affect the diffusion capacity of the local
atmosphere, leading to increases in haze
and other pollution. In addition to being a
source of pollution, impervious surfaces
will enable other pollution sources and
damage the freshwater quality of Baiyang-
dian Lake. It will be necessary to strictly
develop systems to control industrial access
as well as high standards to deal with waste

and other urban agglomera-

Strengthen the construction of the ecological
zone in the fringe area, and strictly control
continuous agglomerated sprawl growth
Control the ratio of ISAs to between 50% and
60%, and maintain the urban greening rate at a
level higher than 40%

Strengthen the control of green areas and an
ecological corridor between the cities of
Baoding, Beijing, and Tianjin to mitigate
continuous development along the traffic axis
The space occupied by urban heat island will
continue to expand, but via scientific planning
this can be limited to variation between 1°C
and 1.5°C

Expansion of impervious surfaces in urban areas,
coupled with the low-lying terrain, will in-
crease the risk of floods and other disasters. It will
therefore be necessary to consider ecological
protection and the development of a corridor
mosaic as part of eco-city planning and design
The impervious surface proportion within the
sub-basin will rise to between 15% and 25%,
will significantly affect the health of the river
basin ecosystem, and will have a serious im-
pact on the water quality of Baiyangdian
Lake. It will be necessary to draw an itinerary
for urban green development, and guide con-
struction according to these guidelines

The results of this study lead us to recommend that, during the early planning stage, XND

should be included as part of the national ‘sponge city’ construction pilot so that it can bene-
fit from the international success of this low impact development model as a way to streng-
then green infrastructure during city construction. At the same time, various other forms of
planning should be implemented to consider the area as a whole and to build green areas and
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areas and ecological corridors between this new district and the regional cities (i.e., Baoding,
Beijing, and Tianjin) in order to prevent continuous urban fringe development and impervi-
ous surfaces along traffic corridors. We recommend that, in addition to considering green
rate indicators, the overall proportion of impervious surface should not exceed 60%, in-
creasing to a maximum of 70% in the core area of this development.

International standards suggest that if the proportion of impervious surfaces within a city
sub-basin exceeds 25%, there will be serious impacts on the surface water environment and
ecosystem health, even potentially causing the destruction of the whole system. The devel-
opment of XND is expected to lead to hundreds of square kilometers of artificial construc-
tion, triggering a very substantial increase in the area of impervious surfaces (i.e., buildings,
roads, and squares). In concert with adverse topographic conditions, this will lead to in-
creased surface water from rain and is likely to make flooding more frequent. This region is
also likely to face a number of additional issues including the development of high-intensity
urban heat island and weakened atmospheric diffusion. Considering the level of these sur-
faces in a number of typical cities across China and the United States, it is clear that when
the impervious surface covered proportion within a city exceeds 70% of ground area there
will be a concomitant exponential rise in urban heat island. Similarly, when the proportion of
impervious surfaces within a city sub-basin exceeds 25%, indicators of river pollutants such
as nitrogen and sulfur dioxide will increase significantly due to the effects of urban
non-point source pollution (Kuang et al., 2011). It will therefore be necessary to prevent
damage to the urban thermal environment as well as to mitigate adverse effects on the
freshwater quality of Baiyangdian Lake that will result from large-scale continuous urban
construction. It will also be important to comprehensively consider the effects of storm
floods inside XND that might result from the presence of low-lying areas, poor wind diffu-
sion caused by weak wind field intensity of prevailing wind, and the aggravation of urban
heat island.

Finally, although XND includes Baiyangdian Lake, the largest expanse of freshwater on
the North China Plain, this construction area is also located within the Daqinghezi watershed
of the Haihe River Basin which generates total water resources of just only 246.21 million
m’ (an average of 217 m’ per person). Data from the water sector shows that groundwater
exploitation in Anxin, Xiongxian, and Rongcheng counties is currently mild, moderate, and
seriously over-exploited, respectively, which translates to a marked lack of water and
groundwater resources in Xiong’an three counties that support the development of XND.
This new development therefore needs to be based on the concept of ‘planning city accord-
ing to water resource amount’, taking full account of the carrying capacity status of water
resources, as well as the ‘sponge city’ concept and the international ‘low impact develop-
ment’ model. The construction of infrastructure, water supply and drainage within XND
must therefore make full use of rainwater collection and recycling to improve the compre-
hensive utilization and ecological protection of these resources, including water ecology and
environment.

4 Discussion and conclusions

This paper analyzes the natural and socio-economic development of the BTH urban ag-
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glomeration using the current development strategy as a basis. We conclude that the con-
struction of XND is critical to organically mitigate the non-capital functions of Beijing, to
promote regional socio-economic development, and to enhance the service functions of ur-
ban ecosystem. Based on the ‘multi-scale nested adaptive cycle’ and ‘Resilience’ theories
proposed by Holling and Gunderson (2002), the dynamic evolution of urban ecosystems
should include four stages of growth or exploitation, conservation or accumulation, collapse
and release, and reorganization and renewal. According to these theories, the cities of Bei-
jing, Tianjin, Shijiazhuang, and Baoding are all at different stages of development, while the
current state of XND construction has also reached a level that is inevitable given the de-
velopmental evolution of urban agglomerations. Carpenter et al. (2001) also pointed out that
a resilient urban system should include at least three characteristic attributes, i.e., an ability
to absorb external disturbances yet remain in the same state, an ability to self-organize, and
some degree of system learning and adaptive capacity. As one key goal of the national ‘Mil-
lennium Plan’, the development of XND has great significance to the re-organization and
updated development of urban ecosystems, as well as to improvements in their
self-organization and adaptability.

Since the beginning of the 21st century, the proportion of urban land and impervious sur-
faces within the BTH urban agglomeration has increased very rapidly. Data show that urban
land area has increased by 4500.44 km® since 2000, while the area of impervious surfaces
has increased by 3491.73 km’. The internal impervious surface ratio within 15% of
sub-basins is greater than 25%, leading to serious impacts on the health of aquatic ecosys-
tems within watersheds. Thus, the nature of the overall underlying surface within the BTH
urban agglomeration, especially impermeable areas, is a core issue that has led to ecological
problems within the urban agglomeration. We would argue that insufficient attention has so
far been paid to this problem. The XND construction site is located on a low-lying plain, 110
km from the cities of Beijing and Tianjin, and close to the freshwater Baiyangdian Lake.
Although this location possesses certain resources and environmental advantages, consider-
ing topographic features, ecosystem types, urban rain, flood, and heat island regulations, as
well as the necessity for clean urban air, construction must be characterized by the rational
implementation of ecological controls and protection.

Utilizing geographical and ecological information obtained from high-resolution RS im-
ages and ecological models, this paper has reviewed the regional ecological characteristics,
patterns, and service status of the construction of XND given the regional background of the
BTH urban agglomeration and the area encompassed by this planned development. We also
estimate the potential future ecological and environmental risks of this development and
propose a series of ecological protection and control strategies for different developmental
stages that we hope will be of significant value to the early planning and construction of
XND.
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