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ABSTRACT

This paper reviews the ecological infrastructure planning
practices by LA PKU and Turenscape over the past two
decades, discussing the application and development of
the ecological security pattern theory in different types
of ecoregions and typical habitats, and that of ecological
process analysis methods in practice. Nearly 100 studied
projects employed this theory to address different local
ecological problems. But similarities could be found
regarding the key ecological issues among similar habitats.
Far from mainly addressing habitat protection issues at
its early stage, the ESP theory by now has expanded its
application to all important ecological processes and
sub-processes. This paper focuses on related application
at urban and regional scales, attempting to summarize

1) approaches to solving local ecological problems via
ecological infrastructure planning in a wider geographic
range, and differences concerning the application modes
in varied ecoregions; 2} ways to harmonize man-land
relations and to achieve synergic development in typical
habitats; and 3) influence brought by the wider spatial
range to the application on the understanding of ecological
processes, the establishment of sub-security-patterns,
and the renewal of analysis techniques. The empirical
analysis in this study suggests that both the methodology
and application of the ESP theory contribute to China’s
ecological civilization construction, providing valuable
technical support and theoretical basis for territorial
spatial planning.
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(1) "LA PKU” is a collective name short for the research team of the College of
Architecture and Landscape of Peking University founded in 2010, which was
developed from the Center for Landscape Architecture and Planning of Peking
University established in 1997 and then the Graduate School of Landscape
Architecture of Peking University founded in 2003. LA PKU has a long-term and
close collaboration with Turenscape in landscape planning and design practice.
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1 Introduction

The concept “ecological infrastructure” (EI) is part of the Man and the Biosphere
Programme proposed by UNESCO in the second half of the 20th Century, aiming
to propel ecological sustainability and synergic urban development."' It was first
applied in agriculture and fishery planning and management in the Netherlands,
and then promoted across scales, from regional, national to intercontinental.”’ A
similar concept is “green infrastructure” (GI) proposed by American scholars—
at urban and regional scales, GI refers to natural areas that provide diverse
habitats, flood protection, and clean air and water; at the community or site
level, it refers to the rainwater harvesting system that stimulates the nature'.
Related practices have conducted in Maryland and Minnesota, as well as
Chicago and Portland in the USA"™. Afterwards, the term of GI has only been
discussed in the field of urban planning in academia®'. More specifically,
European Union defines GI based on the concept EI as “a strategic planning
network composed of natural and semi-natural areas and other environmental
features, aiming to provide ecosystem services at all spatial scales.”'® In February
2020, the International Union for Conservation of Nature launched standards
for Nature-based Solutions'”, offering guidelines on worldwide ecological
infrastructure planning'®’.

In China, intensive land development and improper land use in the past
several decades pose much pressure to the fragile urban ecological environment",
Yu Kongjian, the first scholar who advocated the promotion of EI construction
in cities in China, defines EI as a natural ecosystem that supports a city’s
operation and the source of natural services continuously provided for the city
and urban residents'”’. Upon the consensus that key ecological resources
are pivotal patterns for the life supporting system at territorial scale, and
that China’s ecosystems have seen a critical deterioration, China launches a
series of research and practice of ecological security pattern planning and EI
construction.

In 1995, Yu first proposed the concept of Ecological Security Patterns
(ESP) and introduced the analyses of horizontal ecological process that was
often overlooked in traditional ecological planning, as the basis for landscape
planning'". The ESP theory emphasizes ecosystem conservation from a
holistic perspective instead of individual ecological factors, coinciding with
the international conventional understanding on EI network construction.
In 2005, EPS theory was first applied in the systematic EI planning of

121 which consisted of four sub-systems

Taizhou, Zhejiang Province in China
of landscape (flood, biological, cultural and heritage, and recreational), and
demonstrated the potential of EPS at macro-, meso-, and micro-scales'’’. More
practice cases in Beijing, Wuyishan of Fujian Province, and other Chinese

cities have further validated the EPS theory!"*!"!

and developed systematic
approaches, including the nearly 100 ecological planning projects practiced by

LA PKU® and Turenscape.
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In 2006, the Prime Minister of the State Council of PRC approved Yu’s
proposal on the construction of national ecological security patterns''®', planning
research on national ecological security patterns and ecological conservation redline
delimitation led by former Ministry of Environmental Protection of China were
launched"”. In 2012, the Report to the Eighteenth National Congress of the CPC
stated the significance of geographical space development in setting up a system
for ecological progress'", proposing to “ensure the speedy implementation of the
functional zoning strategy and require all regions to pursue development in strict
accordance with this strategy, and advance urbanization, agricultural development
and ecological security in a scientific and balanced way”""”. In 2013, the Third
Plenary Session of the 18th Central Committee of the CPC put forward the specific
requirements in delimiting the ecological conservation redline®” and highlighted
the significance of ESP to the research on EI and territorial security, signifying the
beginning of territorial spatial planning. In 2017, the Report to the Nineteenth
National Congress of the CPC pointed out that humans should develop in harmony
with nature and building an ecological civilization is vital to sustain the Chinese
nation’s development'*". Later in 2018, China’s Ministry of Natural Resources was
established to cope with the issues of inadequate natural resource management
and overlapped spatial planning, propelling the nationwide ecological civilization
construction. Upon the ESP theory, the ecosystem pattern—process coupling principle
provides a horizontal-ecological-process perspective for territorial spatial planning,
and the source-corridor-point spatial organization principle” helps guide the whole-
process workflow and key tasks in ecological protection practice. These principles
now have been widely applied in ecosystem protection and ecological conservation
projects>!1#4,

ESP-based EI planning projects over the past two decades cover a wide range of
ecological area types and processes. As the theory improves, it has influenced the top-
down policymaking. Since there is little research that reviews on related practice,
this paper sorts out the EI planning projects guided by ESP theory, examines its
application in different geographic regions, and discusses how practice of varied
types enrich the exploration from methods to the mechanism of ecological processes.

Summary and prospects in the very field are made as well.

2 Review on EI Planning Practice Guided by ESP Theory

During the development and application of ESP theory, LA PKU and Turenscape
have gained much experience from their years of practice. This paper studies the projects
completed during 1997 to 2019 (ESP projects hereafter) which initiatively applied ESP
theory and utilized a relatively complete framework at urban or regional scales. About
93% of the projects cover an area of over 10 km2, and half of them over 100 km?2 (as
urban master planning cases); and projects of less than 10 km?2 are often key river
corridor or greenway planning (as specific master planning cases) (Fig. 1).

The studied ESP projects distribute across the country, from eastern coastal

areas to Urumchi in the west, and from the Pearl River Delta in the south to Inner
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Mongolia and northeastern China, with clusters in Zhejiang, Anhui, Shanxi, Beijing,
and Liaoning. At the city level, Jinhua, Shenyang, and Guangzhou have a greater
amount of ESP projects (Fig. 2). Overall, more ESP projects were implemented in
eastern China than in central and western China, reflecting the close influence by

regional economic development needs.

3 Ecosystem Types, Main Ecological Problems and Solutions Concluded From
ESP Projects

Although ESP theory was first developed during the research of Danxia Mountain
in Guangdong Province, it has been employed in other ecoregions seeing a wider
geographic range'”. Fach ecoregion is special in respect of physiographic condition,
dominant ecological process, and type and intensity of human activities, thus faces with
varied main ecological problems that require different solutions. This research employed
the ecological zoning from Study on Ecological Regionalization in China proposed
by Fu Bojie et al.” to make an overall review of the natural conditions, human
intervention, and EI planning goals of the ESP projects in each ecoregion (Table 1).

The studied ESP projects roughly cover over half of the ecoregions in China.
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Table 1: Ecological zone information involved in the ESP Projects
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Table 1: Ecological zone information involved in the ESP Projects
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@ means all the ESP projects in the given ecodistrict include the specific sub-security-pattern;
‘ ) means part of the ESP projects in the given ecodistrict include the specific sub-security-pattern;
)means no ESP project in the given ecodistrict includes the specific sub-security-pattern.
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3.1 Temperate Humid Mixed Coniferous and Broad-Leaved Forest Ecoregion

This ecoregion is ample of water resources, bordering from the west of Greater
Khingan Mountains to China’s east end. Specifically, the Ecodistrict of Changbai
Mountains Mixed Coniferous and Broad-leaved Forest (1a) is characterized with
high precipitation and sound habitat conditions, but includes some habitats of high
eco-sensitivity. In the “One Mountain-Two Rivers—One District” Planning project,
an ecological potential research on the historic Buerhatong River in Yanji City, Jilin
Province denied the on-going construction of the local rubber dam, which was then
demolished to restore the natural river flow. The Eastern Agricultural Ecodistrict
of Northeast Plain (1b) in this ecoregion suffers from soil impoverishment due to
long-term land reclamation and farming, as well as severe land desertification and
soil salinization®, The ESP project in this ecodistrict, i.e. the Planning for Land
Development and Utilization in Qipan Mountain International Tourism Scenic Area
in Shenyang, coordinated the land use in reserved areas by restoring forests from

farmlands and orchards in the mountainous areas.

3.2 Warm Temperate Humid and Semi-Humid Deciduous Broad-leaved Forest
Ecoregion

This ecoregion covers a variety of landforms from North China Plain, Liao River
Plain, Liaodong Peninsula, Shandong Hills to western and northern mountains. Most
of the ecodistricts within this ecoregion, for instance the Agricultural Ecodistrict of
Urban and Suburban Area around the Bohai Sea (2a), the Ecodistrict of Deciduous
Broad-Leaved Forest in North China (2b), and the Agricultural Ecodistrict of North
China Plain (2c)—except for the Ecodistrict of Deciduous Broad-leaved Forest in
Jiaodong Peninsula (2d) with marine climate—are located at the lower reaches of the
Yellow River, having continental climate, with large population density and severe
overexploitation of groundwater.

Beijing (mostly in 2a), the capital of the country and the leading city to the
development of Beijing-Tianjin—-Hebei Urban Agglomeration, suffers from multiple
ecological problems and high habitat sensitivity. The project of Strategic Research
on Beijing’s Ecological Security Pattern proposed an eco-function network to ensure
the multiple ecosystem services, setting a “bottom-line security pattern” for urban
development, while simulating the comprehensive coordination of the network under
varied scenarios of urban growth””, Mentougou District in the western mountainous
area of Beijing in 2b was confronted with high risk of geological disasters. The Special
Subject of Ecological Security and Space Control for the district planning project
established a groundwater security pattern to help recharge groundwater and to
analyze collapse sensitivity, debris flow sensitivity, and soil and water loss sensitivity.

The Urban Green Space and River System Planning for Heze City of Shandong
Province in Ecodistrict 2¢ assessed the river burst risk of the designated area in the
lower reaches of the Yellow River and found that this area was threatened both by
flood from the upper reach and flow cutoff caused by excessive water diversion
from the Yellow River. The final planning proposed to form a water security pattern

to protect and restore the continuity and integrity of river courses, wetlands,
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and ponds”. In the low-lying Ecodistrict 2d where is threatened by seawater
encroachment, the ESP project on Urban Landscape Research of Weihai City in
Shandong Province stimulated scenarios of tide floods and identified the best locations
of wetlands that could reduce the impact of tide flood"”’.

The Agricultural Ecodistrict of Fenhe River—Weihe River Valley (2e) and the
Sensitive Area of Soil and Water Loss in Loess Plateau (2f), located in the central and
western area of this ecoregion, are typical dust bowls. For instance, Huozhou City
of Shanxi Province in Ecodistrict 2e sees heavy vegetation deterioration and stony
desertification in mountainous areas caused by mineral exploration. In response, the
Urban Ecological Infrastructure Planning and Design Project in Huozhou conducted
research on local wind environment which simulated and identified main wind
corridors where the vegetation coverage should be increased to mitigate sandstorms.

ESP projects have roughly been implended in each ecodistrict in the Warm
Temperate Humid and Semi-Humid Deciduous Broad-Leaved Forest Ecoregion, and

provided solutions responding to the challenging ecological problems correspondingly.

3.3 Subtropical Moist Evergreen Broad-Leaved Forest Ecoregion

This ecoregion covers the most administrative districts in China of uneven
economic development levels, and has diverse climates and varied landforms (e.g.,
mountains, hills, basins, highlands, plains). Mountainous and hilly areas in this
ecoregion are usually confronted with problems of water and soil loss, while coastal
areas suffer from devastating typhoons and sea tides, and urban plain areas from
frequent waterlogging and water pollution.

Within this ecoregion, the problem of soil and water loss, though commonly found
in mountainous and hilly areas, varied in each ecodistrict due to the differences of
climatic conditions and underlying surfaces. The same to other ecological problems.
For instance, the Ecodistrict of Evergreen Broad-Leaved Forest in Dabie Mountains
and Tianmu Mountain (3e) and Hu’nan-Jiangxi Hilly Agricultural Ecodistrict
(3h) mainly cover hilly and basin areas, with abundant rainfall and sound natural
environment. The ESP projects in these two ecodistricts focused mainly on water
ecological process analyses, instead of soil and water loss or geological hazards. In
the Ecodistrict of Evergreen—Deciduous Broad-Leaved Forest in Qinling Mountains
and Ta-pa Mountains (3a), Qinling Mountains act not only as the natural boundary
between China’s subtropical and warm temperate zones, but also as ecological sources
to maintain the basin’s health. To protect the water ecology of Hanjiang River—
the largest tributary of the Yangtze River originating from Qinling Mountains—the
Concept Planning of Agritourism Park in Yun County of Hubei Province in Ecodistrict
3a established a water source security pattern by identifying the headwater and
constructing ecological buffers. Another two ecodistricts—the Sensitive Ecodistrict of
the Three Gorges Reservoir (3¢) and the Vulnerable Ecodistrict of Guizhou-Guangxi
Karst (3i)—are featured with accidented terrain. The unique wrinkled surface of Karst
landform exacerbates the risk of geological disasters and soil and water loss. Once
example of the ESP projects in Ecodistrict 3¢ is the Urban Design of the Northern

New Town in Jiangjin District, Chongqing, where there were a large number of steep
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(2) The ecoregions of Semi-Arid Desert Grassland Ecoregion, Semi-Arid Grassland

Ecoregion, and Arid Desert Ecoregion are geographically close and face with
similar ecological problems, which are discussed as a whole in this section.
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slopes. The project established a natural abiotic factors security pattern by integrating
with the geological disaster prevention and control security pattern, flood control
security pattern, and mountain and forest protection security pattern, to reduce
natural disaster risks (landslides, mudslides, etc.). The central and western of the
Ecodistrict of Zhejiang—Fujian Evergreen Broad-Leaved Forest in Mountainous Areas
(3g) are mountains over 500 meters in altitude. ESP projects in Ecodistrict 3g focused
on strategy development responding to local geological disasters. To withstand
typhoons in the eastern coastal areas in this ecodistrict, these ESP projects employed
water process analyses to simulate the inundation scenarios of rainstorms by assessing
indicators related to water quality, flooding, and water conservation.

Compared with mountainous and hilly ecodistricts, plain ecodistricts—the
Agricultural Ecodistrict of Chengdu Plain (3b), Agricultural Wetland Ecodistrict in
the Plain of Mid-Yangtze River (3d), Agricultural Ecodistrict of Urban and Suburban
Areas in the Yangtze River Delta (3f), and Agricultural Ecodistrict of Urban and
Suburban Areas in the Pearl River Delta (3j) —have denser water networks, making
them prone to floods. Humans’ intensive industrial and agricultural activities, as
well as the increase of water transportation, have exacerbated the water pollution.
For instance, Ecodistrict 3d suffered from serious non-point source pollution due to
the overuse of agricultural fertilizers. The Wuhan Wulijie Eco-City Planning Project
first established a water quality security pattern via risk rating of existing polluted
level and the control pattern of contaminant mobility, which was then integrated
with the regulatory plan to identify existing land cover such as ponds, paddy fields,
and secondary forests. Finally, the water quality security pattern was optimized
with a management hierarchy system. This project also proposed habitat protection
strategies for wintering migratory birds. Another project aiming at water quality
improvement in Ecodistrict 3f—the EI planning for Huoqiu Modern Industrial
Park in Hefei Hi-tech Zone—proposed to establish a drinking water source security
pattern for the site. However, not all water pollution problems can be resolved by
planning approaches. For the Agricultural Ecodistricts of Urban and Suburban Areas
in both the Yangtze River Delta (3f) and Pearl River Delta (3j), rigid pollutant source
control might be effective to reduce industrial pollution. Moreover, since the biggest
threat to these two low-lying ecodistricts located at the estuary of large rivers is
floods, the ESP projects in Ecodistricts 3f and 3j stressed on restoring the ecological
functions of water systems through holistic protection strategies and improved local
water ecosystems through spatial optimization and stepped regulation/storage of

water resources.

3.4 Semi-Arid and Arid Desert Grassland Ecoregions®

For Mu Us Desert Ecodistrict (4b) and Vulnerable Agro-Pastoral Ecodistrict in the
Southeastern Edge of Inner Mongolia Plateau (5a), both in semi-arid ecoregions, the
main task of ESP projects is to prevent and control sandstorms and soil and water
loss. The Ecological Garden City Construction Planning Project (4b) of Yulin City,
Shaanxi Province established a geological disaster security pattern and a soil and

water loss security pattern, which delineate protected zones, identify geologically
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sensitive areas, and construct buffer belts and restoration zones to protect deserts. In
Ecodistrict 5a, the Shili River Ecological Corridor Planning Project of Datong City,
Shanxi Province, established a soil and water loss security pattern together with a
water ecological security pattern (an overlap of the river corridor security pattern
and wetland security pattern), to cope with mountain floods within the city. Both of
these projects eventually built green buffer systems based on their ecological security
patterns.

The Desert Ecodistrict of Junggar Basin (6a) in Shihezi City of Xinjiang is located
in the Arid Desert Grassland Ecoregion, where water resource is scarce. Shihezi, a
famous military reclamation city, however, consumes a large amount of water for
agricultural development. Given this, the Shihezi Green Space and Water Network
Landscape System Comprehensive Planning and Design Project delineated a rigid
ecological control line for urban development based on the analyses of local natural
ecological processes, so as to ensure the ecological safety of farmlands and improve

the distribution of water resources.

3.5 Forest and Alpine Meadow Ecoregion in Qinghai-Tibet Plateau

This ecoregion is located in the east and southeast of the Qinghai-Tibet Plateau.
The Ecodistrict of Dark Coniferous Forest—Alpine Meadow in Eastern Qinghai-
Tibet Plateau (7a) covers a comparatively large area of pasture that undergoes severe
grassland degradation due to overgrazing. Similar problems in Wolong National
Nature Reserve, Sichuan Province has threatened the habitat of wild animals such as
giant pandas. The master planning for this reserve created a biological conservation
security pattern, optimized the site’s function zoning by identifying the conflicting
areas between human activities and giant panda protection, and set up ecological
corridors in key locations for giant panda migration.

Over the last two decades, the ESP projects have succeeded in offering El-planning
solutions to local ecological problems. The implementation of the planning cases is
proving the effectivity of the ESP theory in addressing China’s ecological issues"”.
Further quantitative assessment on the environmental, economic, and social benefits

of more ESP projects is already in progress.

4 ESP Theory Application in Typical Habitat Types

ESP theory can also be applied in addressing ecological problems in typical habitat
types. In this section, ESP projects in coastal zones, heritage protection areas, nature
reserves, and mined sites that suffer from serious ecological damages were examined

to summarize related experience.

4.1 Coastal Zones

With uneven precipitation, low-lying coastal zones are highly prone to typhoons
and storm surges, which often intensively occur in a short period of time and cause
huge casualties or property losses.

In the Landscape Research of Weihai City, a multi-layered sea tide security pattern
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was established on the basis of low-lying land and runoff analyses that utilized
the Digital Elevation Model to simulate the inundation scenarios by varied tide
heights. The best locations for wetlands that could alleviate tide threats were then
identified””. Another example is the Urban Open Space Planning for Taizhou in
the central part of Zhejiang Province. Taizhou is a coastal city with plentiful river
systems and wetlands and largely impacted typhoons in subtropical monsoons.

To reduce the hazards of tides and floods, this project proposed a water security
pattern at the basin scale and reserve room for flood regulation, detention, and
storage via wetlands and channel buffers, allowing for natural flood drainage. By
identifying the locations for flood regulation and the estimation of flood storage
capacity of the site, wetlands of varied sizes and security levels were determined to
support the development of regional floodable wetland plan, regional river pattern
adjustment plan, and regional reservoir and lake adjustment plan.

Coastal zones with muddy swamps, riverine wetlands, and paddy fields serve
as key habitats for a variety of migratory water birds in winters. Thus protecting
migratory birds is another primary goal of coastal ESP projects. Both the Urban
Open Space Planning project for Taizhou and the Water System Planning project
for Hongdao Economic Zone in Qingdao of Shandong Province established
biology security patterns via change models on the basis of status quo analyses.
The plans first proposed to build core areas and buffers in the habitats then the
corridors connecting the habitats, and finally identified ecological strategic points

at key nodes within the security pattern.

4.2 Heritage Protection Areas

Mount Wuyi, located in Wuyishan City in the north of Fujian Province,
was officially included in the World Heritage List in 1999 for its outstanding
cultural and natural resources. Adopting measures to place strict control over
the development within the natural reserve, Wuyishan City has made remarkable
achievements on heritage management. However, a higher level of coordinated
urban and rural development, as well as intact natural heritage protection, required
wiser strategies instead of static protection of the 70-square-kilometer core scenic
area in Mount Wuyi Scenic Area. Worse, land development around the scenic area
further fragmented the landscapes and undermined landscape diversity!"’; the
core scenic area saw a deterioration risk by the over-loaded tourism visits, while
the natural and cultural heritages in other areas lacked effective protection and
management; and the tourism economics was waning in driving of Wuyishan’s
urban-rural development.

The EI and Open Space Planning for Wuyishan City took the whole city area
as the heritage protection territory (approximately 2,800 km?). Guided by the
dynamism concepts in ESP theory, biological protection, flood control®", visual
aesthetics, cultural heritage protection, and recreational security patterns were
established, which were then overlaid to form an EI network master plan for the
city, to ensure the holistic protection of the natural and cultural landscapes in the

[32]

heritage area” and to enhance the city’s resource integration and distribution.
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3-1. Giant panda habitat suitability assessment
3-2. Giant panda migration probability distribution

Rather than simply centering on ecological element configuration, the EI network in
Wuyishan was built at a larger scale, within which the dynamic process may better
connect EI, providing a reference for meso- and micro-scale landscape planning and

design.

4.3 Nature Reserves

The Wolong National Nature Reserve in Sichuan Province is one of the core
habitats for wild giant pandas in China and plays a significant role in protecting
endangered and rare species, their habitats, and alpine forest ecosystems. However,
local longtime intensive grazing and farming activities and energy use"’ have had
a lasting and moderate impact on the natural landscape structure*, degrading the
alpine vegetation and the habitats for wild animals including giant pandas. The
Master Plan of Wolong National Nature Reserve project was launched to rebalance
human activities with giant panda protection by improving the functional zoning
of the Giant Panda National Park (a core zone, a buffer zone, and an experimental
zone) based on a suitability assessment of giant pandas’ habitats. The master plan
also identified the migration probability of giant pandas with minimum cumulative
resistance modeling and developed an ecological corridor construction plan to

maintain giant pandas’ gene flows (Fig. 3).

4.4 Mined Sites

An example of ESP projects concerning mined sites is the EI planning case
for Changping Mining Area located along the west side of the southern Taihang
Mountains on the Loess Plateau and along the eastern edge of Qinshui Basin.
Before the master planning of the mining area, LA PKU and Turenscape were
commissioned to conduct a feasibility research on ecological conservation of
the Changping mining area, which studied both the impact of mining on local
ecosystem and the socio-economic issues existed in the mining area.

Sitting at the loess hilly area, the study site underwent moderate soil erosion.
Soil and water conservation thus is a key task to local ecological protection. The
research team proposed an EI network centering on mountains and the Danhe
River system according to baseline analyses, including 1) the sensitivity assessment
on vegetation coverage, soil type, surface slope, and land use, 2) the simulation of
surface water level drop and soil and water loss by mining activities, and 3) the
overlay of rainfall and floods, soil and water loss, biological protection, vernacular
cultural landscapes, and visual security patterns. The network was able to protect
areas subject to the underlying impact of mining activities and to improve the

stability of the mining area ecosystem to the best.
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In addition to the baseline analyses, this research also collected opinions from
local villagers who have been and might be affected by mining activities in the
entire mine area. Interview results revealed that villagers were not satisfied with
their current living conditions and agricultural production were restricted by water
shortage. Moreover, over half of the villagers worried about mining pollution and
land replacement. Accordingly, the research coordinated the development of both
the mining area and its peripheries, including infrastructure construction to improve
villagers’ living conditions and local transport capacity to promote both traditional
tourism and new agri-tourism. The research also focused on mining waste recycling
not only to reduce pollution but also to create more job opportunities for villagers.
For example, waste rocks can be used to refill valleys to expand arable land area, and
coal gangues can be used for brickmaking that would foster new industries. To sum
up, the research suggested to avoid or reduce environmental pollution through proper
EI planning without scarifying the exploitation and utilization of mineral resources,

while propelling rural economic development.

5 The Exploration of Ecological Processes and Sub-security-patterns of ESP
Theory

As the geographic regions of practice enriches, the depth and flexibility of
applying ESP theory have also increased. This section displays the methodological
efforts of related application in exploring ecological processes and the corresponding
ecological sub-security-patterns. Primary ecological security patterns include water
security pattern, biological security pattern, geological disaster security pattern,
cultural and recreational security patterns, and visual security pattern, each of which
has several sub-security-patterns.

Wiater is vital to an ecosystem. Ecological areas that suffer from different water
problems (such as water shortage, floods, water pollution) are in great need of
protection or restoration planning of water safety patterns, which is prioritized in
almost all ESP projects. Various ecological elements are identified through analysis
of water security pattern so as to optimize basic ecological functions. The biological
security pattern is also critical to most projects, because not only it matters species

horizontal spread—the essential idea of ESP theory"”

—but also it helps protect the
local characteristics though the selection of indicator species and improve the overall
habitat quality through ecological restoration. Analyses of other sub-security-patterns
can be introduced to address specific ecological problems and development demands.
For example, in areas with large elevation differences or mountainous terrains,
geological disaster security patterns are often emphasized to deal with soil and water
loss, landslides, collapses, etc.; in areas with rich cultural heritages or high protection
requirements, cultural and recreational security patterns should be highlighted;
visual security patterns would be considered in regional overall tourism development
planning and urban landscape planning. In the end, planners overlay each ecological
sub-security-pattern according to the importance of ecological issues to obtain an

overall ecological security pattern. Based on this, a comprehensive spatial adjustment
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and detailed implementation roadmap can be carried out, compared with traditional

planning methods.

5.1 Water Security Pattern

Most areas of China are in the monsoon climate zone, and the temporal and
spatial distribution of water resources is sharply uneven. Therefore, China’s regions
and cities often suffer from extremely complex water ecological problems: for
example, many cities encounter both water shortage and floods, water quality
deterioration, drop in groundwater level, or other severe water problems which pose
challenges to water security patterns.”

Severe waterlogging in rainy seasons and increased flood risk directly threaten a
city’s safety and would cause huge economic losses. In practice, analyses of stormwater
security pattern consists of water system protection security pattern and flooding
security pattern. The former focuses on buffer analyses on possible runoffs and pond/
canal flows to determine the higher, moderate, and lower security patterns. The later
requires data collection of local surface runoff coefficients, land use, and historical
rainfall information of different durations and recurrence periods. By calculating the
cumulative runoff amount within a certain watershed in different storm scenarios,
testing with cut-and-fill tools to make sure that the total runoff amount is consistent
with the cut-and-fill amount, and through scenario simulations, the area and type of
pond and wetland systems can be determined, so that to retain as much rainwater
as possible in place and facilitate infiltration and groundwater recharge.”” The
construction of a complete water system network and multi-level flood detention
wetland systems can avoid the overuse of gray infrastructure such as sewers and
drainage pipes. For example, the Urban Green Space and Water System Planning
of Heze City drew on the local wisdom in traditional stormwater management and
employed cofferdams, rivers around the city/village, and water storage pits. In the
Wuhan Waulijie Eco-City case, multi-level and decentralized control facilities for the
adjustment of rain and flood process were introduced that withstood the floods in
2016"7.

Rainwater management and utilization now has been a fundamental strategy for
all water projects in China that determines the necessity to build rainwater detention

81 Rainwater utilization security pattern is established through

and regulation systems
analyses of rainwater infiltration suitability, groundwater overexploitation area, and
montanic soil and water loss, so that to determine the key spatial pattern of rainwater
utilization in the city (such as piedmont alluvial fans), and formulate measures to
stormwater management and groundwater recharge according to specific land use
types. Due to the severe overexploitation of groundwater in North China, a number
of ESP projects in Beijing emphasized surface and groundwater source protection as
well as groundwater recharge in the comprehensive planning of flood and stormwater
security patterns, which would guarantee the health of Beijing’s water system'’. Such
ideas and methods were implemented in the planning project of ecological security
and spatial control in Mentougou District of Beijing, which proposed to restore the

natural water cycle process and utilize rainwater for groundwater recharge.
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Overall, China’s surface and groundwater are heavily polluted. Statistics reported
that by 2016, 75% of surface water was polluted to varying extent, threatening water
security”™. The primary goal of establishing water source protection security pattern is
water conservation. By identifying water source buffers around the main water intake
points and headwaters, the water volume in the watershed and the functions of water
ecosystem can be maintained. For example, according to the national requirements for
headwater and reservoir protection, the overall planning for Jinhua Mountain Tourism
Economic Zone in Zhejiang Province established the water quality security pattern
based on a buffer (100 to 300 meters in width) for the reservoirs on the mountain. The
planning for Wuhan Wulijie Eco-City identified three treatment levels of non-point
pollution sources according to land use types, and development intensity and water
sensitivity extents. By identifying the contaminant mobility and overlapping them onto
the security pattern, the key points and corridors for pollutant control were determined,
which can be adjusted in a multi-level management system.

The establishment of water security pattern is an effective approach to adjust
and optimize the structure and functions of water ecosystems, and the evaluation of

outcome benefits is also an important research topic to the ESP theory.

5.2 Biological Security Pattern

In traditional biological protection planning, animal and plant species are passively
protected in a certain area with existing landscape elements”*'. Essentially ESP theory
aims to regard the biological interactions/flows in the landscape (the nature) as an
active ecological process, which protects biodiversity by identifying key local landscape
and spatial connections, and facilitating the species’ natural succession'””. This idea
that emphasizes the mobility of species also inspires the development of other security
patterns to work on horizontal ecological processes with a dynamic perspective.

Generally, a biological security pattern can be established by three steps: first, to
determine the indicator species and identify corresponding core habitats as the “source”
of the species’ mobility; secondly, to identity buffers, source connections, radiation
corridors, and key points to the species’ mobility through analyses of landscape
resistance on factors such as land use, altitude, and slope grade; and finally, the lower,
moderate, and higher security patterns can be obtained by overlapping the analyses of
different indicator species.

The selection of indicator species is crucial to the establishment of biological security
pattern. Usually, indicator species should be: 1) rare or endemic, such as endangered
species; 2) key to maintaining overall balance of the ecosystem; and 3) of evolutionary
significance'—direct predator—prey species (e.g. owls vs. voles) should be avoided.
Since targeted species protection cases (e.g. Wolong National Nature Reserve for giant
pandas) are not common in regional or urban planning, the general indicator species
selection, for a maximum protection, should include avian, mammal, and amphibian
species for each that is representative in its habitat environmental requirements. The
analysis of their horizontal mobility processes can indicate the corresponding habitat
type, so the overlapping analysis can basically indicate most local habitats. Protecting

these habitats means the protection of both the rare species and other habitat
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components, thus ensuring the entire quality of the ecosystem. Figure 4 shows a few
of representative indicator species in varied ecological zones used in the studied ESP
projects. Such databases would provide a reference for future biological protection
projects.

In addition to animal security patterns established in most of the ESP projects,
some projects also use detailed land use data or Normalized Difference Vegetation
Index to establish plant security patterns. These two types of data can be used to

grade and calculate the vegetation conditions separately or in an overlaid way.

5.3 Geological Disaster Security Pattern

The establishment of geological disaster security pattern is first to locate the
potential source of geological disasters such as soil and water loss, debris flow,
landslides, mine subsidence, and ground subsidence; and then analyze causes of each
type of geological disaster and the land use pattern in corresponding prone areas
to identify the key spatial connections to disaster prevention, which determine the
lower, moderate, and higher security patterns of geological disasters. According to
the level of the security pattern, formulate corresponding construction standards and
requirements and disaster prevention measures can be put forward in the planning"’.

In practice, causal factors of geological disasters (i.e., slope grade, soil properties,
vegetation coverage, land uses) should be carefully considered according to the
specific topographical conditions; Though relevant literature review to determine
how specific impact of these factors in different ecoregions can be quantitatively
evaluated. For example, there are a large number of steep slopes in the northern
Jiangjin District of Chongqing, resulting in a high risk of landslides and mudslides.
In its new town master planning, by identifying steep slope areas of a gradient above
35° with an area larger than 800 m2 as the sources and delimiting different buffer

distances, a geological disaster security pattern was formed.
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5.4 Cultural and Recreational Security Pattern

People’s recreational behavior in landscapes is an active experiencing process,
which is also a process of horizontal spatial expansion in ESP theory. Cultural
and recreational security patterns are established by identifying and emphasizing
landscape elements and spatial connections that are critical to the quality of
people’s experiencing process in the landscape. Local heritages such as rural
historic sites, temples can all be regarded as “sources,” which can be linked up with
potential landscape elements (e.g., water systems, greenways) that are valued by
resistance coefficients according to their compatibility with recreational activities.
Finally, a suitability assessment can be obtained through the resistance surface
analysis, which would inform the planning of cultural and recreational networks.

In the identification and selection of cultural and recreational resources, the
opinions of both the public and experts must be taken into consideration. As the
users of recreational sites, the public’s opinions should be widely collected. In
the Urban Green Space and Water System Planning of Heze City, evaluations on
the identity and comprehensive value of local heritages were conducted through
public questionnaire surveys with aid of perception maps. Experts’ advices are
helpful in identifying the heritage corridors and landscape networks of valuable
cultural significance and the planning of cultural tourism routes. For example, by
studying Zhu Xi’s Neo-Confucianism travel experiences in his whole life and the
distribution of tea-culture heritage sites, the ecological infrastructure and open
space planning for the Wuyishan City has effectively promoted the protection of
intangible linear cultural heritages and the revitalization of rural landscapes that

highlight local cultural characteristics.

5.5 Visual Security Pattern

One of the earliest cases using the quantitative planning methods in ESP theory
for the establishment of sub-security-pattern was the Visual Security Pattern
Planning for the Danxia Mountain Scenic Area in the 1990s. The discipline of
Landscape Architecture was originally established based on the visual aesthetic
significance of the landscape. Since the mid-1960s, landscape assessment research
carried out mainly in the United States has also focused on the visual aesthetics
of landscapes'*”. The establishment of visual security patterns is to protect the
visual aesthetic process by maintaining the unique landscape elements and spatial
connections that can promote the visual perception of the landscape ensuring the
continuity of visual perception process. In addition to the traditional landscape
aesthetic quality evaluation, quantitative analyses of visual points, visual corridors/
viewsheds, and sight blocking are also introduced through field surveys to

[41]

scrutinize landscape threshold and sensitivity' ', so as to delimit visually sensitive

zones. Related factors include relative slope gradient, relative distance, occurrence

5. BINETEMRERYIRE PETFRENEBENITMIES T (Z2REsEXE02])

5. Visibility analysis based on different visual corridors in Taizhou El planning project (Source: Ref. [12])
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probability, and the eye-catching degree of the landscape. Finally, visually sensitive
zones can be managed by establishing visual security classification and zoning.

In the preparation project for the Urban Open Space Planning of Taizhou
City, the Yajiyan Cliff on Jiufeng Mountain, the Dabaiyun Mountain, the Taihu
Mountain, and other north-south mountains in Huangyan District are regional
focal landscapes. At the macro-scale, the visual security pattern was established
through visual analyses of the Yongning River Recreational Corridor, the Xijiang
Historical and Cultural Heritage Corridor, the Hongjiachangpu Recreational
Corridor, and the Lvxin Inner River Corridor (Fig. 5). At the meso-scale, this
project also carried out urban skyline planning for the Jiaojiang River banks based

on ridgeline protection boundaries.

5.6 Other Ecological Sub-security-patterns

In terms of other ecological sub-security-patterns, the planning and design of
the Baima Lake National Park (National Ecological Park) in Huai’an City, Jiangsu
Province, as well as the planning and research project of the Nanjing Gaochun
International Slow City, have established farmland security patterns by overlaying
the distribution and types of existing farmlands to address the primary problems
in farmland protection. The new industrial zone in southern Beijing is located in
one of the main windstorm origins to the city. By taking the sandy soil zone within
the study area as the source, and analyzing related factors such as topsoil type,
vegetation coverage, and land use as the resistance surfaces, the Planning Project
for the New Industrial Zone developed lower, moderate, and higher security
patterns for sandstorm prevention and control. The urban EI planning and design
project of Huozhou City, Shanxi Province analyzed the main wind channels of the
city through simulation modeling. This wind environment study can further guide
EI planning and design to utilize wind resource and reduce the negative impact
of windstorm. Analyses reveal that the northwest-southeast direction is the main
wind corridor to the city and the northern part is the most affected area. Strategies
were proposed that the northern (especially the northwest) part of the city should

increase vegetation coverage to alleviate sandstorm invasion (Fig. 6).

6 Conclusions and Prospects

The practice by LA PKU and Turenscape over the past two decades
demonstrates that ESP-based EI planning has established a mature system in
China that can guide applications at varied scales with diverse methodologies and
technical routes. Far from mainly addressing habitat protection issues at its early
stage, the ESP theory now has been used in almost all kinds of ecological processes

and geographic regions in China, covering major ecoregions and representative

6. EMTHXIEDHT
6. Wind corridor analysis of Huozhou
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habitats. In terms of analysis techniques, ESP theory has developed a wide range
of highly adaptive approaches to different ecological processes. Witnessing an
increasingly large number of practice projects in the past twenty years, ESP
theory are readily applicable to urban and rural spatial planning and ecological
construction, exploring to synergize protection and development for maximum
ecosystem services. ESP theory and EI planning practice have made significant
contributions to China’s ecological civilization construction.

In addition to the basic theoretical framework of ESP, Chinese scholars have
been refining the research subjects. For example, in the quantitative identification
of ecological sources, indicators are no longer selected only by the functions
of ecological land patches'”, but upon the holistic dynamic trend*”' and the
connection roles in landscape pattern**’), In terms of resistance surface setting,

[46] t[47]

multi-source data such as impervious surface index"* and nighttime ligh
are introduced to correct the ecological resistance coefficients of different land
cover types, providing an alternative to the normalized evaluation of ecological
resistance surface based on land cover types. The ESP theoretical framework
therefore gains richer connotations and technical advance and sees a wider
promotion in ecological planning, spatial regulation, functional area identification
and protection, etc.

The global ecological and environmental issues are still challenging. Frequent
extreme weather events, natural disasters, and man-made ecological crises
are endangering the survival of all human beings. It is of great significance to
promote the research on ESP and EI in the following aspects:

1) A shared goal of EI research is to harmonize the man-land relationship by
finding a fit between people and nature'. The focus of research on ecosystem
services has shifted from service provision towards ecosystem services linking to
human well-being'*”'. ESP projects can bring about both ecological and cultural
benefits. The influence of ecosystem services on human physical and mental health
are in urgent need to be further evaluated. In addition to securing ecosystem
security, ESP theory is expected to play a part in multidimensional values which
stand for a higher level of human well-being.

2) The primary goal of ESP theory is to establish a complete top-down EI
system at macro-, meso-, and micro-scales. Yet as the ESP methods get popular
in other planning, they are often applied with insufficient consideration on the
spatial scale and local conditions. Planners and designers should utilize the theory
based on local conditions, exploring flexibility both in technical indicator system
construction and approaches from macro planning to micro implementation.

And 3) the implement efficacy of associated practice needs to be improved.
Although ecological civilization construction has been a constitutional agenda
in China, territorial spatial planning requires a more professional and systematic
top-level design. The implementation of such design relies on legislation and

regulations as well as relevant norms and standards. LAF

VOLUME 9 /ISSUE 3/ JUNE 2021



REFERENCES

[1

[2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[111

[2]

[13]

[14]

[15]

[16]

[17]

[18]

[191

SR /183

UNESCO. (1984). Final Report, Programme on Man and the
Biosphere (MAB). International Experts Meeting on Ecological
Approaches to Urban Planning. MAB Report Series 57 (pp.
1-63). Retrieved from https://en.unesco.org/mab

Council of Europe., & European Centre for Nature
Conservation. (1996). The Pan-European Biological and
Landscape Diversity Strategy. Strasbourg, France: Council of
Europe Press.

United States Environmental Protection Agency. (2016). What
is green infrastructure. Retrieved from www.epa.gov/green-
infrastructure/what-green-infrastructure

Canzonieri, C. (2007). M.E. benedict and E.T. McMahon,
green infrastructure: Linking landscapes and communities.
Landscape Ecology, (22), 797-798. https://doi.org/10.1007/
s10980-006-9045-7

da Silva, J. M. C., & Wheeler, E. (2017). Ecosystems as
infrastructure. Perspectives in Ecology and Conservation,
15(1), 32-35. doi:10.1016/j.pecon.2016.11.005

European Commission. (2013). Communication from the
Commission to the European Parliament, the Council,

The European Economic and Social Committee and the
Committee of the Regions: Green Infrastructure (GI]—
Enhancing Europe’s Natural Capital. Retrieved from https://
ec.europa.eu/environment/nature/ecosystems/docs/green_
infrastructures/1_EN_ACT_part1_v5.pdf

Nature Based Solutions. (n.d.). What are nature-based
solutions (NBS)? Retrieved from www.nature-basedsolutions.
com

Lyu, H. Zhou, X., Dang, B., & Zhang, W. (2020). Realization of
urban ecological infrastructure space based on ecological
process. Urban Development Studies, 27(6), 19-26.

Yu, K., Wang, S., Li, D., & Li, C. (2008). The function of
ecological security patterns as an urban growth framework in
Beijing. Acta Ecologica Sinica, 29(3), 1189-1204. doi:10.3321/
j.issn:1000-0933.2009.03.015

Yu, K., Li, D., & Chao, L. M. (2001). Ten landscape strategies
to build urban ecological infrastructure. Planners, (17), 9-13.
d0i:10.3969/j.issn.1006-0022.2001.06.002

Yu, K. (1995). Security patterns in landscape planning:

With a case in south China (Doctoral dissertation). Harvard
University, Cambridge.

Yu, K., Li, D., Liu, H., & Cheng, J. (2005). Growth pattern of
Taizhou City based on ecological infrastructure: A negative
approach physical urban planning. City Planning Review,
29(9), 76-80.

Yu, K., Li, D., & Liu, H. (2005). Negative planning approach.
Beijing, China: China Architecture and Building Press.

Yu, K., Wang, S., Li, D., & Qiao, Q. (2010). Ecology baseline for
Beijing’s urban sprawl: Basic ecosystem services and their
security patterns. City Planning Review, (2], 19-24.

He, D., Hong, W., Hu, H., Wu, C., & Chen, X. (2004). Modeling
landscape pattern dynamics and their effects under different
disturbances in Wuyishan Scenery District. Acta Ecologica
Sinica, 24(8), 1602-1610.

Yu, K. (2006). Three proposals for preventing the potential
damage by building the new countryside and protecting the
local cultural landscape and the industrial heritage. Chinese
Landscape Architecture, (8), 8-12.

Yu, K., Li, D., Li, H., & Qiao, Q. (2012). China national
ecological security patterns: A framework for reinventing the
good earth. Beijing, China: China Architecture and Building
Press.

Yu, K. (2016). Ecological security pattern and spatial
development pattern optimization of national territory.
Landscape Architecture Frontiers, (5), 6-9.

Hu, J. (2012). Firmly march on the path of socialism with
Chinese characteristics and strive to complete the building
of a moderately prosperous society in all respects—Report

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

to the Eighteenth National Congress of the Communist Party
of China. Xinhua Net. Retrieved from http://www.xinhuanet.
com/18cpenc/2012-11/17/c_113711665.htm

Communiqué of the Third Plenary Session of the 18th
Central Committee of the Communist Party of China. (2013).
Retrieved from http://www.china.org.cn/chinese/2014-01/16/
content_31213800_3.htm

Xi, J. (2017). Secure a Decisive Victory in Building a
Moderately Prosperous Society in All Respects and Strive for
the Great Success of Socialism with Chinese Characteristics
for a New Era—Report to the Nineteenth National Congress
of the Communist Party of China. Retrieve from http://www.
xinhuanet.com/politics/19cpcnc/2017-10/27/c_1121867529.
htm

Su, C., Dong, J., Ma, Z., Qiao, N., & Peng, J. 2019). Identifying
priority areas for ecological protection and restoration of
mountains-rivers-forests-farmlands-lakes-grasslands based
on ecological security patterns: A case study in Huaying
Mountain, Sichuan Province. Acta Ecologica Sinica, 39(23),
8948-8956. doi:10.5846 /stxb201906111229

Li, H., Yi, N., Yao, W., Wang, S., Li, Z., & Yang, S. (2011).
Shangri-La County ecological land use planning based on
landscape security pattern. Acta Ecologica Sinica, 31(20),
5928-5936.

Peng, J., Guo, X., Hu, Y., & Liu, Y. (2017). Constructing
ecological security patterns in mountain areas based on
geological disaster sensitivity: A case study in Yuxi City,
Yunnan Province, China. Chinese Journal of Applied Ecology,
28(2), 627-635. doi:10.13287/j.1001-9332.201702.013

Yu, K. (1999). Landscape ecological security patterns in
biological conservation. Acta Ecologica Sinica, (1), 8-15.

Fu, B., Liu, G., & Ouyang, Z. (2013). Study on ecological
regionalization in China. Beijing: China Science Press.

Yu, K., Wang, S., Li, D., & Qiao, Q. (2010). Ecology baseline for
Beijing’s urban sprawl: Basic ecosystem services and their
security patterns. City Planning Review, (2), 22-23.

Yu, K., & Zhang, L. (2007). Ecological infrastructure

as unbuildable zone and urban green space system: A

case study of Heze. City Planning Review, 31(12), 89-92.
doi:10.3321/j.issn:1002-1329.2007.12.017

Song, Y. & Yu, K. (2007). Landscape planning approach

to urban stormwater management system: A case study

of Weihai, China. Urban Problem, (8), 64-70. doi:10.3969/
j.issn.1002-2031.2007.08.014

Yu, K. (2016). Ecology-based water management: “Sponge
city” and “sponge land.” Important Issues, (11), 6-18.
doi:10.16619/j.cnki.rmltxsqy.2016.21.001

Zhu, M. (2008). Back to the art of survival: Case

study of ecological flood control pattern, Wuyishan,

Fujian. Urban Space Design, (3), 22-25. doi:10.3969/
j.issn.1672-9080.2007.03.005

Yu, K., Li, B., & Li, D. (2008). Natural and cultural heritage
area conservation based on ecological infrastructure—An
Example of Wuyishan in Fujian Province. City Planning Review,
(10), 89-92, 96. do0i:10.3321/j.issn:1002-1329.2008.10.018
Bao, B. (2009). Relations of residents household energy and
the giant panda habitat in Wolong National Nature Reserve
(Master’s thesis). Peking University, Beijing.

Zeng, H., Kong, N., & Li, S. (2011). Human impacts on
landscape structure in Wolong Natural Reserve. Acta
Ecologica Sinica, 21(12), 1994-2001.

Yu, K., Li, D., & Duan, T. (1998). Landscape approaches in
biodiversity conservation. Chinese Biodiversity, 6(3), 205-212.
doi:10.3321/j.issn:1005-0094.1998.03.008

Wang, H. (2010). Study on China’s Water Resources Problems
and Sustainable Development Strategy. Beijing: China
Electric Power Press.

Yu, K., Han, X, & Zhu, Q. (2007). Ecological Infrastructure

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

as a Synthetic Solution to Urban Environmental Problems.
Journal of Natural Resources, 22(5), 808-816. doi:10.3321/
j.issn:1000-3037.2007.05.016

Laver, C. J., & Haine-Young, R. H. (1993). Equilibrium
landscapes and their aftermath: Spatial heterogeneity

and the role of the new technology. In R. Haines-Young,

D. R. Green, & S. Cousins (Eds.), Landscape Ecology and
Geographic Information Systems (pp. 57-74). Boca Raton,
FL: CPC Press.

Erwin, T. L. (1991). An evolutionary basis for conservation
strategies. Science, 253(5021), 750-752.

Yu, K. (1987). On the concept of landscape and its research
development. Journal of Beijing Forest University, 9(4), 433-
439. doi:10.13332/j.1000-1522.1987.04.019

Yu, K. (1991). Landscape sensitivity basis and case study of
landscape conservation planning. City Planning Review, (2),
46-49.

Zhao, X., Wang, H., & Yang, S. (2009). GIS-based ecological
optimization of spatial patterns of land resources. Acta
Ecologica Sinica, 29(9), 4892-4901.

Li, Y., Zhang, H., Gong, G., Chen, J., My, C., Tong, W., & Niu,
M. [2012). The dynamic change of landscape ecological
security pattern in Chengdu Municipality. Journal of
Southwest Forestry University, 32(6), 48-53, 58. doi:10.3969/
j.issn.2095-1914.2012.06.010

Wu, J., Zhang, L., Peng, J., Feng, Z., Liu, H., & He, S. (2013).
The integrated recognition of the source area of the urban
ecological security pattern in Shenzhen. Acta Ecologica
Sinica, 33(13), 4125-4133. doi:10.5846/stxb201208081123
Peng, J., Zhao, H., Liy, Y., & Wu, J. (2017). Research
progress and prospect on regional ecological security
pattern construction. Geographical Research, 36(3), 5-17.
doi:10.11821/dlyj201703001

Liu, Z., Wang, Y., Peng, J., Xie, M., & Li, Y. (2011). Using ISA
to analyze the spatial pattern of urban land cover change: A
case study in Shenzhen. Acta Geographica Sinica, 66(7), 99-
109.

Zhang, L., Peng, J., Liu, Y., & Wu, J. (2017). Coupling
ecosystem services supply and human ecological demand to
identify landscape ecological security pattern: A case study
in Beijing-Tianjin-Hebei region, China. Urban Ecosystems,
20(3), 701-714. https://doi.org/10.1007/s11252-016-0629-y
Shearer, A. W. (2019). The paradox of security. Places
Journal. https://doi.org/10.22269/191029

Hansen, R., & Pauleit, S. (2014). From multifunctionality to
multiple ecosystem services? A conceptual framework for
multifunctionality in green infrastructure planning for urban
areas. Ambio, 43(4), 516-529. doi:10.1007/513280-014-0510-2

047



