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Abstract: Cities in the Pearl River Delta area are generally affected by climate change and urban expansion. As
a component of the Pearl River Delta micro-city cluster, central and eastern Pazhou of Guangzhou is the carrier
of the Pearl River Delta evolutionary resilience. The paper takes it as an example to explore the resilience design
mechanism for integrating urban and ecological environments. Firstly, it discriminates the analysis methods,
strategies and evaluation systems of urban resilience, and launches a background research on the Pearl River
Delta vulnerabilities. Secondly, with the vulnerability analysis and disaster simulation of central and eastern
Pazhou, it puts forward three levels of resilience integration strategies, including the structural strategy to connect
the existing fragmented blue-green systems, construct the walking accessible space connection mode based
on transit-oriented development (TOD) and vertical waterfront, distributed rain water storage system, and the
node processing for multi-purpose embankment model. Lastly, with the software platform of GIS, Fragstats and
Depthmap, and data analysis means, it evaluates and gives feedback on the resilience strategy and design
scheme, so as to construct a whole-process resilient urban design mechanism featuring “analysis - strategy
- scheme - feedback” for the micro-city cluster. The result shows that the resilient urban design based on the
“strategy - feedback” mechanism helps to improve the landscape connectivity and spatial integration, effectively
adapt to the flood interference, and better implement urban resilience.
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1 Research Background

A large number of literatures at home and
abroad have analyzed the definitions of resilient city,
explaining the evolution of urban resilience from
engineering, ecological to social-ecological resilience.
At present, the academia is still further exploring the
layer approach, planning strategies and evaluation
system of urban resilience.

Meyer et al. put forward a “framework model”
with the “layer approach” by decomposing different
subsystems, and applied it to study the resilience
evolution of world delta cities. The first layer is the
natural substratum, the second one refers to the
infrastructure networks, and the third one involves
urban and agricultural land-use patterns. Dai et al.,
based on the model, further pointed out that it is the
external uncertain disturbances and the contradiction
between the internal blue-green substratum and urban
system that trigger the major problem of spatial
planning of delta regions.

The authors introduce vulnerability analysis into
the resilience evaluation. The opposition of the layers
of natural substratum, the infrastructure networks and
land-use patterns has caused the unique Peatl River
Delta vulnerabilities (Fig. 1). Among them, natural
vulnerabilities are mainly affected by climate change,
while human vulnerabilities are primarily caused by
environmental pollution, increasing hard surface and
fragmentation of blue-green system.

The resilience strategies researches have
focused on 2 levels-city and community. As an urban
subsystem, the community is the catrier of resilience
expression and implementation. Shen et al. further
interpreted 3 dimensions of resilient community
planning and design, namely environmental support,
spatial diversity and human-oriented concept.

As for resilience evaluation system, on
macro-scale of a city, based on the city resilience
framework, Hernantes et al. developed a proven
evaluation system in the construction of
resilience. On micro-scale of communities, Peng
et al. reviewed a series of community resilience

assessment systems, which generally adopted the

method of classification to quantitatively evaluate

resilience by assignment and conversion.

2 Proposal of Resilient Urban Design

Mechanism

According to the background research,
the previous studies on resilient city provided
research methods of system resilience, analyzed
the resilience evolution of urban systems, and
proposed resilience planning framework of cities,
communities and delta region. However, there lacks
researches in Pearl River Delta on resilient urban
design mechanism for urban infrastructure and
environment in the micro-level urban groups, which
include how to solve the vulnerability problems
through resilience strategies, how to implement
urban resilience through design practices of urban
groups, and how to evaluate resilience strategies
through quantitative methods. Therefore, based
on the existing researches, the authors focus on
the specific micro-scale city groups of Pearl River
Delta, and try to establish a whole-process resilient
urban design framework through case study.

As a micro-level city group, central and
castern Pazhou, which processes the typical
vulnerability characteristics of Pearl River Delta,
is the carrier to implement urban resilience. The
authors take it as the showcase and propose a
resilient urban design mechanism of “analysis-
strategy-scheme-feedback” (Fig. 2) at the micro-
level, and evaluate the attributes such as integrity,
connectivity, diversity, redundancy and flexibility
of the resilient urban system: focusing on the
layers of natural substratum and the infrastructure
networks, the vulnerabilities of central and eastern
Pazhou are caused by low-lying terrain, interference
of floods, and fragmented urban space through
disaster simulation; 3 levels of resilient urban design
strategies are proposed, including structural strategy,
connecting methods and urban nodes design
measures; the urban design scheme is demonstrated,
with integrating urban spaces through strengthening

the blue-green system, enhancing the accessibility
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of the waterfront area, and adopting distributed
rainwater storage system; based on GIS, Fragstats
and Depthmap software, the data of landscape
connectivity, spatial integration and rainwater
storage are analyzed for current site, original plan,
and design scheme, to assess whether the resilience
strategies provides environmental support for the
climate change, and whether it will shape a diverse,

human-oriented urban space.

3 Vulnerability Analysis and Resilient
Urban Design Strategies of Central and
Eastern Pazhou Adaptive to Climate

Change
3.1 Vulnerability Analysis of Pazhou Island

Vulnerabilities of Pazhou Island are reflected
in the following: the low-lying terrain (Fig. 3),
causes the vulnerability of floods, the fragmented
urban space makes this island an isolated area and
difficult to respond to climatic disturbances.

Pazhou Island is surrounded by water, and the
average highest tidal level of Pearl River is 8.227 m
(Guangzhou elevation), which is higher than the current
elevation of the embankment (8.05 m). The disaster
scenario simulation is employed in vulnerability analysis
to establish a predictive model for different degrees of
floods in Pazhou Island (Fig. 4). Through simulation,
it is found that the highest tidal level of Typhoon
Mangosteen (3.227 m of Pearl base elevation) is

higher than the 200-years flood level (2.680 m) v,
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causing backflow of Pearl River, which demonstrates
that the rigid engineering means may not adapt well to
the floods and waterlogging,

In addition, the declining infrastructure
and poor pedestrian accessibility of villages and
industrial districts in Pazhou can not effectively
cope with climate interference.

3.2 Integral Resilient Urtban Design Strategies
of Central and Eastern Pazhou

3.2.1 Structural Strategy: Relinking the Existing
Broken Blue-Green System

The fragmentation of urban space is embodied
in 3 aspects: the spatial form of segmentation;
the spatial function with poor compatibility; the
spatial connection with strong barriers. Based on
social-ecological resilience, green infrastructure can
provide city with floodable areas by controlling
urban stormwater runoff. Meanwhile, by introducing
recreational facilities, green infrastructure strengthens
the interaction between human and nature. By
integrating ecological environment and high-dense
urban built-up area, green infrastructure enhance
the integrity and stability, diversity and flexibility,
redundancy and connectivity to respectively integrate
spatial form, enrich spatial function, and strengthen
spatial connection.

According to the existing topography, water
system and green space of Pazhou Island, the
design scheme reconnects the blue-green system,

and utilizes it as the structural framework to
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arrange the floodable areas and anti-waterlogging
spaces (Fig. 5), to suture the blue-green system and
to connect historic and new districts.

3.2.2 Connecting Strategy: Creating Walkable Urban
Space Based on Transit-Oriented Development and
Vertical Waterfront

Compact and efficient land use pattern could
underpin climate resilient urban development.
Therefore, planners are well-advised to consider
the elastic development zone standing as a buffer
between the centralized constructed areas and
ecological protected districts, to maintain the
dynamic balance between built-up area and the
ecological region. Besides, because of the high
relevance between urban density and public
transport, the resilience design enhances the traffic
redundancy to moderately increase urban density.

In view of the isolation of city space, the
design creates walkable urban space based on transit-
oriented development and vertical waterfront. With
metro stations adjusting in 500-meter walking radius,
the design adopts the “small blocks and dense road
network” pattern to establish a multi-level pedestrian
connection system and enhance walkability between
city and water.

3.2.3 Node Design Strategy: Distributed Rainwater
Storage System and Multi-functional Embankments

Compared with the existing centralized flood

control, decentralized rainwater management,

adopts a distributed and stagnation mode, which
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is evenly distributed within the city to collect
rainwater directly.

Therefore, node design of central and eastern
Pazhou prefers the resilient distributed mode
and multi-functional embankments. The scheme
explores 3 stormwater management strategies
(Tab. 1) and adopts a more flexible decentralized
stormwater storage system through roads, rivers

and green spaces (Fig. 0).

4 Feedback Assessment of Resilient
Urban Design of Central and Eastern

Pazhou

4.1 Analysis of Landscape Connectivity Based
on Structural Strategy

Based on GIS and Fragstats, the geographic
data of current site, original plan and design
scheme are rasterized by 10 m grids (Fig. 7).
The class-level metrics are selected, such as CA,
NP, AREA_MN, ENN_MN, COHESION and
CONNECT within a 500 m-walking range. Based
on the comparative analysis of the above metrics,
this research measures the landscape structural
characteristics of 3 samples, and provides feedbacks
on the above-proposed structural strategies to
debug whether relinking the broken blue-green

system enhance the landscape connectivity and
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mitigate the fragmentation problem.

Landscape connectivity includes structural
and functional connectivity, describing the
organic relationship between landscape elements
in function and ecology. The three metrics,
ENN_MN, COHESION and CONNECT, can
be used to measure connectivity, integrity and
species richness which resilient city emphasizes.
Among them, ENN_MN is a measurement of
patch isolation, by using Euclidean geometry as
the mean shortest straight-line distance between
the focal patch and its nearest neighbor of the
same class; COHESION means the cohesion
or integrality that is a measurement to quantify
the physical connectivity; CONNECT is a
measurement to quantify the continuity of the
space structure units, which reflects the organic
connection between the function and ecology of
the patches. According to the data analysis of the
fragstats metrics (Tab. 2), compared with the site
and the plan, the ENN_MN value of water system
and green land of design scheme is reduced, while
the corresponding value of COHESION and
CONNECT are increased, indicating that with
the guidance of structural strategy, the isolation
of blue and green patches is declining, while the

physical and functional connectivity is enhanced.
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4.2 Analysis of Spatial Integration Based on
Connecting Strategy

Based on Depthmap software, the research
respectively analyzes the spatial integration of
current site, plan and design scheme, to measure
whether the walkable spatial design based
on transit-oriented development and vertical
waterfront improve the convenience between city
and water, and whether it can realize the traffic
redundancy and the functional diversity.

The integration value reflects the closeness
of connection between one node and others in
a system. The greater value of the integration
would make the convenience higher, the publicity
stronger and the accessibility of the node in that
system better. Spatial integration can be divided
into integral and partial integration. The integral
value indicates the closeness of the connection
between a node and all nodes in the whole system,
while the partial one value indicates the closeness
of the connection between a node and the nodes
in nearby topological steps. The linear regression
equation is established with the integral integration
as X-axis and the partial integration as Y-axis,
and the correlation coefficient R? is marked as
intelligibility. The higher the intelligibility value

is, the better the space can be integrated into the
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Scatter plots and linear regression equation of spatial integration

global spatial structure, thus strengthening diversity
and complexity of spatial functions.

It can be obtained through calculations that
the integration value of scheme design is higher
than that of site and plan (Fig. 8), and the upgrade
in road network density also reinforces the traffic
redundancy (Tab. 3). Besides, the intelligibility (R?)
of the scheme is the highest (Fig 9), illustrating that
urban function of this sample is more diversified.
4.3 Comparative Analysis of Rainwater Storage
Based on Node Design Strategy

According to 3 ways of distributed rainwater
storage (roads, rivers and green land), the following
formula is used to calculate the approximate value
of the total rainwater storage (QQ) of current site,
original plan and design scheme (Ly: total length of
road networl, Sy: average value of the cross-sectional
area of road rainwater pipes, Sy: total area of the
water, Iy : average value of the water level that can
be accommodated of the water points at various
locations, Sg: total area of green space, h: rainwater
height that can be infiltrated into the green space).

Q = LSy + Syhy + Sche

As demonstrated in the above formula, there is
a positive correlation between total rainwater storage
and Ly, Sy, and S¢,. The rainwater storage capacity of
3 samples is compared (Tab. 4) and it is found that
design scheme is supetior to current site and original
plan in all the 3 indicators and the rainwater storage
capacity is also better.

Sy is known to be 19.03 hm? and S; is 95.23 hm?
Referring to engineering experience, the diameter of the
rainwater pipe is about 1m, and 2, 4 and 8 rainwater

pipes are laid along main roads, secondary roads and
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branches, respectively (Tab. 5). And the values of
hy and kg are 0.1 m and 0.2 m respectively, so
in the design scheme, 314,000 m® of rainwater
can be stored in the key design scope. On the other
hand, the average rainfall of Typhoon Mangosteen
in Guangzhou is about 76.2 mm® with the key design
scope of 354 hm?, and central and eastern Pazhou
thus needs to contain about 270,000 m? rainfall, which
means rainwater storage of design scheme is higher
than the rainfall volume of Mangosteen.

From 3 comparative assessments, the design
strategies proposed above can get the feedbacks as
follows: connecting and integrating the urban blue-
green system can improve structural and functional
landscape connectivity; creating walkable urban space
based on transit-oriented development and vertical
waterfront can upgrade the spatial integration and
pedestrian accessibility; the distributed rainwater
storage system can effectively and flexibly adapt to the

interference of floods and waterlogging:

5 Summary

With central and eastern Pazhou as the
research object, the authors analyze its vulnerability
caused by the contradiction between low-lying
terrain and floods and the separation of urban
and waterfront. And then 3 levels of integral
resilient urban design strategies are proposed: the
structural strategy is put forward by relinking blue-
green system; the connecting mode of city and
water is proposed by creating walkable urban space
based on transit-oriented development and vertical
waterfront; a more flexible node design is promoted

by improving rigid engineering water conservancy
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and adopting a distributed rainwater storage system.

Various software and data comparison are
utilized to evaluate different levels of resilience
design strategies based on current site, original plan
and resilient urban design scheme. The feedbacks
illustrate that the design scheme can better
implement urban resilience in Pearl River Delta at
the micro-level, compared with current site which
is vulnerable to floods and the original plan which
lacks consideration of resilient and human-oriented
community.

Generally speaking, this “strategy-feedback”
resilient urban design mechanism of central and
eastern Pazhou proposes design strategies based
on resilience theory and utilizes the quantitative
assessment method to provide a reference for
constructing urban resilience at micro-level in Pearl
River Delta city groups, however, due to complex
vulnerabilities in Pearl River Delta, the resilience
strategies need to be supplemented, and the
corresponding quantitative feedback methods are yet

to be tested and further expanded.

Notes:

@ Source of the above hydrological data: Guangzhou
Water Bureau.

@ Source: Guangzhou Municipal Government Website
(http://www.gz.gov.cn/gzgov/s2342/201809/4e256dab22ce
406ea3bd2b952720eb64.shtml).

Sources of Figures and Tables:

Fig. 1-2, 4-5, 7-9 are made by authors; Fig. 3, 6 are from
design document of Workshop SCUT-UC Berkeley; Tab.
1-4 are made by authors; Tab. 5 is made according to the
research results of Workshop SCUT-UC Berkeley.

(Editor / Tl Yujing)
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