AX5|A1&t / PLEASE CITE THIS ARTICLE AS

Luan, B., Ding, R., Wang, X., & Zhu, M. (2020). Exploration of Resilient Design Paradigm of Urban
Green Infrastructure. Landscape Architecture Frontiers, 8(6), 94-105. https://doi.org/10.15302/
J-LAF-0-030001

i EEEiRE
gt E e RRER

EXPLORATION OF

RESILIENT DESIGN PARADIGM
OF URBAN GREEN
INFRASTRUCTURE

8

ERARFRAR S EEMREARMAR, MERZELT,
SR TN

LUAN Bo

Director at Green Infrastructure Institute of Peking University
Shenzhen Institute; PhD in Environmental Sciences, Peking
University; Senior Engineer

T
FEBHRUEIARENEER D REER TRIT,
ML 2 ML

DING Rong

Senior Engineer of Landscape Architecture Institute of China
Academy of Urban Planning and Design; Registered Urban and Rural
Planner

E-
IERAFRY AR ECEMBIEARAHATRIPMIS, ER—T5X
WIRRSVAIRITEIERARLSERE, SRIEm

WANG Xin

Deputy Director at Green Infrastructure Institute of Peking University
Shenzhen Institute; General Manager at Yifang Ecoscape; Senior
Engineer

g
LRET PRI REISE

ZHU Mingjian
Associate Professor of School of Design, South China University of
Technology

* 8 A H

Hab: 7ERE NG E G XA WA EET A¥BILP305-2
HE 4 : 510006

45 . zhumj@scut.edu.cn

094

https://doi.org/10.15302/J-LAF-0-030001

I isATIE) RECEIVED DATE / 2020-06-09

FEIDES [ F294, TU9BL11+6  THMFIRED /A

mE
HHEeEMRIERXERETBANIIMT
WHERNEEENE, BEIEBRBIILREEES
NERREFRRITBXAR TRH BN, &
EEMRERIDEXNBRGREE , AETXH
R, ESEPERIDERNREFRIT . &%, RHi
HEEEMIRIERFIEERER, HRITEHE
BURMEMINR,; X, R9EIMEIREIILE, P
wEIMRITERMXRKE, &E, ETE
FiEREEIHERITER, REETRENTRE
WE, AEhEEEMRESM R ERE
FEE . AXPFTRERTIERITERAIELY
REBEWS. RitRE. MESR. ITERER
WEHE, ERFERITM. ITRM. HRE. R
BERNRNZSTHE .. AN SR E
EEMIRIEZRIEMES, XiEDIERHEL
RENSWITIIE T EESEENE.

Kiia
SEEMRE,; WP, R, SR
It FHREN;, ETEARRRSZE; s

ABSTRACT

Urban green infrastructure is a fundamental
physical structure that supports the construction
of resilient cities based on nature. Currently,

the conventional design paradigm oriented by
deterministic control is not conducive to promoting
urban resilience, and the design paradigm of green
infrastructure is in urgent need of transformation.
Based on literature review, this article discusses
the establishment of resilient design paradigm:
first, it proposes the common ground of the
resilient design paradigm by establishing a
framework for the resilience mechanism of urban
green infrastructure; then it summarizes the
resilience driving mechanism to provide the key
basis for the resilience design paradigm; and
finally, this article devises the resilient design
paradigm based on adaptive approaches and
proposes the whole-process dynamic cyclic model
to guide the configuration optimization of urban
green infrastructure. The establishment of the
design paradigm relies on the shift in mindset,
concept, design procedure, project management,
quality inspection, etc., which requires the joint
efforts by designers, engineers, researchers,
decision makers, and the public. This article is
expected to provide references not only to the
construction of green infrastructure to support the
high-performance of urban resilience, but also to
the theory development of resilient city and the
resilient design paradigm of landscape design.

KEYWORDS

Green Infrastructure; Urban Resilience; Resilient
Design; Adaptive Design; Uncertainty; Nature-
Based Solution; Dynamic Optimization

HEWmE
EXBANFESTE “BEHHTRERE N RN HITFR

INBHERAEX A" (4S. 52078004 )

IRAEMS N BEMARESTE “SFE AN REAEARTESAT M EE R RPN KIERR" (%S 2020A1515011072)
BT AFPRGREARF VS HERNASRY "BENURTUNESRP ST EARREXAYAR” (%S D2200820)

RESEARCH FUNDS

Study on the Driving Mechanism of Resilience of Green Space in Coastal Cities: A Case Study of GBA, National Natural Science Foundation of

China (No. 52078004)

Study on the Impacts of Sea Level Rise on Coastal Natural Habitats in Guangdong Province and Adaptive Conservation Planning Strategies,
Guangdong Basic and Applied Basic Research Foundation (No. 2020A1515011072)
Study on the Identification of Conservation and Urban Development Priority Areas Adaptive to Climate Change, the Fundamental Research

Funds for the Central Universities, SCUT (No. D2200820)

wiE AR £z BiF ARD BR BN

EDITED BY TIAN Xiaojie CUI Jingyun TRANSLATED BY TIAN Xiaojie Tina TIAN XIAO Jie

VOLUME 8/ISSUE 6 / DECEMBER 2020



SR/ W5t

1 5%

B S0 AN 7 T P AR R AT T 0 S R, T A TR
SESLE A RIE ST R R i 2R R XRERIRTT REA
NG KRBT AR K E I RSN RS, 2 Hl TR
78 R NI R QNG PO = e SR St VRN IR R X S DN S
B AT Ty kSN AR RN BT R R s 5
PG AWIE N, B, $RFHEIE B BT W] RS Y b
HEAR, AERYG BRI 4 253 F A AR BT T Y R R,
o E A AE R A AT AREEE R, DU TR
& SEILENTE .

ARG, LT ASRMMRE T (Nature—Based Solutions, fj#x
NBS ) LM 1 A5 A2 A A A AN R M (R R 85 32 560, B s i i f
o BE . EEEUR AN RS, W, TIOR8 A A R
SEEBIE, LAGE N 3 RN A e R I e BE R e
TR AE A3 ) b0 G R v ST ORI T A AR A AR 1 1 3 0
N E HSVRAER BRI E M g, sl . I TR
PRI Es A g AR RGN AR TR ST, FERDA L BB if i i
AR — B, AMUSEEARTT I, 20T A mAsE fn
ARG MRS, B, EE7 A7 R T e S A 1 i B 152
T S PR 3 T P S B 1) R

AR RSP URIF = ST 1) 4Rk
ek SR M B T S A FRAR , Ry UG AL Atk
P 2) HABIEIRSIPLHIATRL, B R AR A 3) &
SEFIMERTE R B, S IR € R R ) B A A AR A
RS

2 Wik O IRl 5 i
2.1 WIERtaE

FIAE, BRSO O R A E PE R R R AR . (B,
X IR A A ERARAON , Ll S R Ak (R AL B BT A

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

095

1 Introduction

Today, cities shaped in an engineering-based rigid urban
construction pattern are challenged by both the increasing
external uncertainties and internal unpredictability'": urban
systems are impacted not only by external disturbances (e.g.
natural and man-made disasters) and external pressure (e.g.
climate change, environmental pollution, resource depletion, and
ecosystem degradation), but also by internal demands, such as
population aggregation, economic growth, and urban sprawl.
As a result, urban development suffers from a high vulnerability
and disorder sprawls. A city’s sustainability can be enhanced by
resilience strengthening, and nature-based paradigms of resilient
city is promising'”, which has been explored worldwide and
implemented under a series of concepts in China such as Sponge
City, Climate-Resilient City, and Ecological Restoration and
Urban Renovation.

In recent years, Nature-Based Solutions (NBS) has attracted
much attention for its effectiveness responding to climate change
and other uncertainties. By preserving, restoring, managing
or creating ecosystems, NBS assists, guides, and uses natural
organisms to improve ecosystem resilience so as to cope with
complex challenges adaptively”™" !, Urban green infrastructure

BB responding

serves as a key spatial structure of resilient cities
to uncertainties with the self-adaptation and self-organization

of the natural organisms; in contrast, static and control-oriented
engineering design undermines or suppresses the self-regulation
capacity of natural system against disturbances or threats'®, even
reducing urban resilience, increasing environmental burden,

and aggravating ecosystem disservices once it is designed
improperly”®. The establishment of resilient design paradigm of
urban green infrastructure is critical to the theory and practice
development of resilient city.

This article aims to explore the resilient design paradigm
from three aspects: 1) propose the common ground of the
resilient design paradigm of urban green infrastructure; 2)
summarize the resilience driving mechanism of resilience model
to provide the key basis of the design paradigm; and 3) establish
the whole-process resilience model that can guide the dynamic

optimization of urban green infrastructure.

2 Urban Green Infrastructure and Urban Resilience

2.1 The Evolution of Resilience
Currently, resilient design has become a widely used
approach in coping with uncertainties. However, due to

the vague or varied understanding of resilience, there is no
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commonly shared resilience goals of green infrastructure
design yet, which hinders the establishment of resilient design
paradigm.

Etymologically, “resilience” means “recovery to the original

»[9 ”

state.””"”) Evolving from “engineering resilience,” “ecological

resilience” to “social-ecosystem resilience” (or “evolutionary

-1 the definition of resilience has now

resilience™)
emphasized the adaptation to disturbance, and the alteration,
transformation, and evolution along the disturbance, instead

of purely restoring to an equilibrium after being disturbed'*!"”!,
Lance H. Gunderson and Crowford S. Holling come up with

the adaptive cycle model demonstrating that the essence of
resilience lies in cyclical evolution!". Then, it can be concluded
that disturbance brings about possibilities for the evolution of
resilience, and in turn the evolution of resilience is a preparation
process for responding to the disturbance.

The concept of urban resilience derives from social-
ecosystem resilience!'”""", However, it is interpreted differently
due to the heterogeneity, complexity, and diversity of the
disturbances in cities""”. In this article, urban resilience refers
to the ability to resist, absorb, adapt to, and recover from
uncertain disturbances for a better urban sustainability through
self-evolution. It includes the development resilience against
continuous pressure and the disaster resilience against emergent
disturbances.

2.2 The Role of Urban Green Infrastructure to a City’s
Resilience

Urban green infrastructure is crucial to maintaining
the integrity of regional ecosystems, and provides essential
ecosystem services for cities by improving natural ecosystem
health. Resilience is another manifestation of those ecosystem
services. In other words, urban green infrastructure, the flexible
buffer in rigid physical environment, serves as vital structures to
boost a city’s resilience and sustainability.

Empirical studies on the role of urban green infrastructure to
a city’s resilience have been attracting a broad attention. Based
on massive empirical studies, Matthias Demuzere et al. found
that green infrastructure can alleviate the impact of climate
change by storing carbon and reducing emission, mitigating the
heat island effect, reducing flood peak, and improving water
and air quality””. After broad case studies among 20 countries
and regions, Raffaele Lafortezzaa et al. concluded that NBS
including green infrastructure is an effective strategy to respond
to climate change, since these natural solutions show obvious
cost—benefit advantages over high-technology engineering

21 . 0.
measures””'. Scholars also examine the resilience performance of
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green infrastructure in the whole life-cycle—from raw material
acquisition, design and implementation, to operation and
maintenance—and evaluate the environmental and economic
impacts of certain green stormwater infrastructure during the
material acquisition, transportation, construction, and operation
processes”*!,

The current empirical research based on individual cases of
different environmental conditions and scales contributes little to
systematic conclusions. In addition, research on the resilience of
green infrastructure focuses on adaptation to climate change and
extreme disaster, while lacking of a comprehensive understanding
of other continuous pressures and emergencies, failing to develop
holistic goals of resilient design. In short, the mechanism of
green infrastructure for urban resilience is the foundation for
establishing resilience design paradigm, but there is still a lack
of comprehensive and universal understanding of it. Therefore,
by referring to related models*"™*!, this article proposes a
conceptual framework for the whole-life-cycle mechanism of
green infrastructure to the city’s resilience performance, and
argues that the resilience of green infrastructure should highlight
helping cities resist, cope with, and adapt to disturbance and
stress, achieving self-learning and evolution, and ultimately
realizing a robust sustainability (Fig. 1). The resilience goals
address the both time and space dimensions: green infrastructure
should not only provide continuous benefits and be capable to
respond to emergencies throughout the whole life-cycle, but also
function at all the scales—from site to regional—with consistent
and varied emphases. For instance, macro-scale resilience goals
need to respond to global issues (such as climate change), and
micro-scale ones should to deal with local environmental and
social problems. Therefore, the system consists of cross-scale and
inter-connected networks is crucial to promote the resilience of
green infrastructure.

The role of urban green infrastructure to a city’s resilience
manifests in the capacity supporting urban development and
responding to disasters. The former one, called as development
resilience, is the capacities to relieve a city’s persistent pressure to
maximize environmental and social benefits with low investment,
and to enhance the city’s environmental, social, and economic
sustainability. This capacity is vital to the city’s sustainability. The
later one, described as disaster resilience, is the capacity to resist,
absorb, and adapt to high-risk extreme events, including natural
disasters such as floods and storms, as well as public safety crises
such as infectious diseases and terrorist attacks. This capacity is
vital to guarantee the city’s baseline of safety.

The whole life-cycle resilience of urban green infrastructure

can affect urban sustainability: A city with highly-resilient (R+)
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green infrastructure would have a stronger resilience (R+),

and can improve its resilience by absorbing and adapting

to disturbances; a city with moderately-resilient (R) green
infrastructure would at least help the city recover after
disturbances; and a city with weakly-resilient (R-) green
infrastructure would be unable to deal with disturbances or
pressure, compromising the city’s sustainability (Fig. 2). Thus,
the main goal of resilient design paradigm should be improving
the resilience level of green infrastructure which defines the

city’s sustainability and future urban development.

3 The Driving Mechanism of Green Infrastructure on
Urban Resilience

3.1 Studies on the Driving Mechanism of Resilience
Developing effective optimization and regulation
methods is the focal-point of the establishment of resilient
design paradigm, and the key of design is to identify critical
components of green infrastructure that define urban resilience,
as well as the associated driving mechanism. Studies prove that
the correlations among different types of resilience performance
of green infrastructure are either synergistic or trading-off*',
Yet the driving mechanism of these correlations remains
unknown. Previously, the performance of configuration on
planning level, including amount, size, and spatial pattern, has
been studied thoroughly, but the configuration characteristics
responding to uncertainty on design level remains unclear.
Currently, scholars start to examine the technical components
that facilitate resilience synergy, and some of them have
explored the impact of specific design configuration and
components on the service performance. For example, after
evaluating the service of urban green spaces in Rotterdam
with 6 indicators, Marthe L. Derkzen et al. concluded that
the configuration and components of green spaces have
remarkable impact on the ecosystem services”””. Based on case
studies on the landscape performance of 39 built-up projects,
Luo Yi et al. found that conflicts exist in the negotiation of
environmental, social, and economic benefits of landscape
practices, which is mostly caused by improper design®®'. Luan
Bo et al. studied the varied performance of 9 configuration
combinations of green stormwater infrastructure (decentralized

[29]

vs. centralized and single vs. combination)“”, and through
modeling research revealed that technical combination, design
elements, and material selection are key factors that define the
synergy effects of resilience, where biophilic or living materials
are beneficial and the excessive use of traditional materials

(e.g. granite and concrete) would compromise environmental
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and economic performances, making the city more vulnerable to
risks”” (Fig. 3).

3.2 The Conceptual Framework for the Driving Mechanism of
Resilience

Through literature review, this article proposes a
conceptual framework for the driving mechanism of resilience
of urban green infrastructure (Fig. 4). The key factors that
promote resilience include configuration structures, spatial
forms, landscape elements, and resources and materials. The
configuration structures and spatial forms define the overall
urban green infrastructure; landscape elements (plants, roads,
terrains, and rainwater facilities, etc.) constituted with resources
and materials are the components of the structure and form
creation of green infrastructure. Green infrastructure with
varied configurations performs differently in regard to disaster
resilience and development resilience, which influences cities’
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capacity to cope with extreme disasters and continuous
pressure respectively.

4 The Resilient Design Paradigm of Urban Green
Infrastructure

4.1 The Evolution of Design Paradigms

A paradigm is the aggregation of a series of commonly
shared viewpoints, theories, and methods in a professional
field®". Landscape paradigms have witnessed three
major shifts—the urban park model proposed by Frederick
Law Olmsted et al.; “the layer-cake” ecological planning
model improved by Tan McHarg; and the “patch—corridor—
matrix” landscape ecology model proposed by Richard
Forman et al.”*"'Today, models derived from the “patch—

[34]~[36]

corridor—matrix” paradigm are widely applied in green

infrastructure planning and design.
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However, the flaws of existing paradigms emerge when urban
design faces with increasing uncertainties and disaster risks. The
“patch—corridor-matrix” paradigm emphasizes the permanent
control of physical environment and is inadequate in responding
to sudden or lasting disturbances over time. In addition, this
paradigm focuses more on the establishment of large-scale pattern
and structure, instead of configurating materials and resources at
middle or small scales, which are both critical to the promotion of
resilience. Unlike architectural design, urban green infrastructure
composed of natural organisms is full of complexity and
uncertainty. It is therefore unrealistic to control its whole life-cycle
with one-time design. Currently, studies on resilient city and its
planning paradigms have attracted much attention””"**, but the
new design paradigm of urban green infrastructure that can

efficiently address real demands is absent.

4.2 The Development of Adaptive Design and Adaptive
Management

Effective design methods would help optimize resource
allocation and promote resilience. Adaptive design can provide
methodological reference to the establishment of resilient
design paradigm. Unlike traditional planning and design
methods, adaptive design would offer possibilities for changes
and transformation””*", Dynamic optimization has become a
new trend of adaptive design, since it is the key to coping with
uncertainties through adaptation and evolution. Designs adaptive
to disaster risks have been increasingly practiced, such as the
ecological restoration projects of the River Aire in Switzerland
and the Weiliu Wetland in Shaanxi'*'""* (Fig. 5), while systematic
theory is absent. Nevertheless, Sadahisa Kato et al."*" and Jack
F. Ahern et al.* proposed the “learning by doing” method and
adaptive design frameworks that facilitate dynamic optimization
through whole-process monitoring, evaluation, and feedback.

All of the preliminary explorations above have not formed a
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Table 1: The comparison between traditional design paradigm and resilient design paradigm
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paradigm but offered research and practice prospects.
Compared with adaptive design, adaptive management

has developed a series of advanced approaches on natural

resource and ecosystem management, and several proven

cyclical iterative models*™*"!, Adaptive management focuses on

process management rather than result control, having fruitful

achievements in whole-process monitoring and evaluation, real-

time response and optimization, and dynamic cyclical iteration.

4.3 The Resilient Design Paradigm Based on Adaptive Approach
By reviewing the differences between traditional and new
paradigms in the aspects of theoretical basis, design purpose,
method, design process, and design result (Table 1), this article
proposes the resilient design paradigm of green infrastructure:
Seeing the limits of information acquisition and knowledge
learning, and recognizing uncertainties and uncontrollability,
the new paradigm is established from the ecological perspective
and takes disturbances as the opportunities for learning and
adjustment. Self-organization and self-adjustment of green
infrastructure are facilitated to cope with uncertainties and
disturbances by assisting natural succession and leveraging
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ecosystem services. It also helps the city reduce risks and tolerate
failures. In this paradigm, design is a process, rather than a
result, which requests dynamic optimization and adaptive

management through whole process.

4.4 The Whole-Process Method of Resilient Design

Combining the advanced experience of adaptive design and
management, this article proposes a whole-process dynamic
cyclic model for the resilient design of green infrastructure.
Cyclic iteration can facilitate the refined management and the
dynamic optimization, which includes 6 steps (Fig. 6):

1) Problem finding and diagnosis: identify the vulnerability
of the city, diagnose the problems, and formulate clear goals;

2) Decision-making of design proposal: determine the
optimal proposal among multiple solutions;

3) Construction and implementation: implement design
proposal and develop operation management and monitoring
plans;

4) Operation and monitoring: conduct follow-up
management, maintenance, and continuous monitoring;

5) Evaluation and analysis: analyze monitoring data,
evaluate resilience performance, and come up with optimization
measures to promote adaptive evolution;

6) Feedback: collect feedback for future optimization
measures.

Through such measures of whole-process monitoring,
evaluation, feedback, and optimization, urban green
infrastructure enhances positive synergies of environmental,
economic, and social performances during continuous cyclic
iterations, so as to deal with various disturbances and pressures

and achieve the sustainable goals.
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The whole life-cycle evolution process
of adaptive design
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5 Suggestions and Prospects

By studying the driving mechanism of the resilience of urban
green infrastructure, this article comes up with a conceptual
framework for the driving mechanism of resilience and a whole-
process dynamic design method, laying the theoretical foundation
for the resilient design paradigm that can guide the landscape
design in response to uncertainties. Stemming from existing
research and practice achievements, the resilient design paradigm
has a sound reliability and applicability, and continuous tests,
verifications, and updates are further needed. The establishment
of a new paradigm relies on the shift in mindset, concept, design
procedure, project management, quality inspection, etc., which
requires the joint efforts by designers, engineers, researchers,
decision makers, and the public. In order to promote resilient
design practice, this article makes the following suggestions:

To begin with, designers need to accept uncertainties and
embrace changes. In traditional design mindset, uncontrollability
and changes are often averse since natural disturbances (such as
floods and storms) may result in engineering damage, which is
often regarded as a design failure. However, to resilient design,
this is an indispensable process for evolution by learning. The
change of certainty control thinking requires the shift of design
mindset, engineering quality assessment, and systematic operation
management.

Secondly, biophilic design should be promoted. The more
biophilic or living natural materials and elements are used, the
stronger the overall resilience could be: by leveraging the self-
organization and self-adaptation of natural organisms, more
opportunities could be created for people to access, experience,
and perceive the nature.

Thirdly, the design should give consideration to both
adaptation and certainty. The resilient design paradigm does
not completely deny certainty control, because partial rigid
engineering measures are often a required component to resilient
design. Urban green infrastructure, as a NBS, provides green
spaces with diverse services for urban residents, where rigid
structures in key locations guarantee safety and livability.

Finally, instead of the result-oriented design thinking, the
whole-process management thinking should be emphasized.
Resilient design requires dynamic whole-process management
methods rather than static design and determinate solutions.
The performance of resilient design also depends on the whole-
process monitoring, assessment, feedback, and optimization.
The whole-process management, though often financially costly,
could be supported as the level of intelligence and information

construction of urban green infrastructure promotes. LAF
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